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A Message
from the IUVA President
This issue marks a landmark issue. As the IUVA prepares to enter its 20th year,
this is the last issue of IUVA News. Starting next year, IUVA will launch a new,
broader-based publication – UV Solutions. I thought it would be interesting to
Oliver Lawal
look back at the very first issue of IUVA News, published in early 1999 (when
I was only a one-year-old UV guy). It’s worth looking back at this issue, if for no other reason
than the awesome cover picture of the first Steering Committee featuring rather youthful looking
characters we know so well: Bryan Townsend, Karl Linden, Jim Bolton, Jennifer Clancy, Jim
Malley (nice mustache!), etc. Read (or reread!) the first issue at iuvanews.com.
Jim Malley, the first Steering Committee Chairman, once posed a great question, “Why Start an
IUVA?” Although still relevant, today the question should be, “Why Continue with an IUVA?”
According to Jim:
“What convinced me to move forward is rather simple. I have always wanted to help people, and I believe in my heart and soul
that the use of UV technology will improve public health. Further, I believe it will take a focused organization like IUVA to help
UV technology to achieve its full potential. My vision for the IUVA is that of a broad-based, multidisciplinary association of
professionals from around the world who share common interests in advancing the scientific and engineering understanding of UV
light and technology. ... Yet these groups have never had an organized and dedicated forum through which to share ideas and plan
collaborative projects. IUVA will provide this forum for the benefit of all.”
I think it’s safe to say that, after two decades, IUVA has delivered on that dedicated forum. A forum that has provided tens of thousands
of hours in the form of conferences, workshops, congresses, position papers, standards, committees, working groups, side discussions,
80 issues of IUVA News and more.
More than any other treatment technology, ultraviolet technology, used in both disinfection and oxidation applications, has arguably had
the greatest global impact on environmental and public health over the past 20 years. I extend thanks to all those that have contributed
to building this important industry voice. Whether your contribution is as an academic, consultant, manufacturer, regulator, operator or
any other area, you have all played a role in this story. All these topics and many more will be discussed in detail at the 20th anniversary
World Congress, to be held in Sydney, Australia, in early 2019. I look forward to seeing you there.
Here’s to the next two decades!
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 Associate Editor
This IUVA News issue has a special theme – UV disinfection of air and surfaces – with five excellent articles. I
wish to thank Troy Cowan, who did most of the organizing for this special issue.
This will be my last issue as associate editor, and it is also the last issue of IUVA News. As of 1 January 2019,
Prof. Jim Malley will become the editor-in-chief of IUVA’s new publication, UV Solutions. I have decided to retire
completely so that Jim Malley will have full freedom to appoint (or not appoint) a new associate editor. I wish to extend my very good
wishes for the new UV Solutions magazine and Jim. He has asked me to be a member of the editorial board of the new magazine, and I
have agreed.
Jim Bolton

Please support our advertisers by visiting their websites or contacting them for further information. If you are a marketing manager in a
UV company, I encourage you to advertise in UV Solutions. You will not only attract direct sales but also enhance your image in the UV
community. Send an email to Janet Dunnichay at janet@petersonpublications.com. She will send you the UV Solutions Media Kit.
Jim Bolton, IUVA News associate editor
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An Update from the Yale Healthcare/UV Workshop

Developments in IUVA’s Initiative for
a UV Disinfection Efficacy Standard
Troy E. Cowan, MS, Vision Based Consulting, LLC (troy@visionbasedconsulting.us)
John Lyon, Ph.D., Vision Based Consulting, LLC (retired)
Workshop overview
On Sept. 27, the IUVA’s Healthcare/
UV Working Group held a workshop
to gather information and discussed
issues on proposed efficacy standards
for UV disinfecting devices. This
workshop, originally suggested by
the board in April, evolved from a
small gathering of 20 to 57 people
registered, and, ultimately, more than
70 attending. Attendees came from
many backgrounds, some from the
West Coast, a few from Canada and one
person from as far away as Uruguay.
It proved to be an exciting and timely
event.
Workshop sessions were held in a
classic medical classroom auditorium,
the perfect venue for the presenters
to deliver their message and for the
audience to ask their questions. Chaired
by Meredith Stines and coordinated Figure 1. Originally planned for 20 people, it was “standing room only” for the
by Troy Cowan, the Healthcare/UV workshop.
Working Group, coordinated the
workshop through, and worked with, Dr. Richard (Rick)
Martinello of the Yale New Haven Hospital and the Yale
School of Medicine (YSM), who hosted the sessions, side
events and a follow-on working group meeting.
Special guests
Senior representatives from the Department of Health and
Human Services (HHS), the Department of Energy, the
National Institute of Standards and Technology (NIST) and
Department of Commerce, as well as the Yale School of
Medicine participated in the workshop.
• Dr. Don Wright, deputy assistant secretary for health
and director, Office of Disease Prevention and Health
Promotion, represented Admiral Brett P. Giroir, M.D.,
the HHS assistant secretary for the Department of
Health.
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Figure 2.
Special guests
were, clockwise
from top left, Dr.
Don Wright, Dr.
Terry Fossum,
Barbara
VanDyke and
Dr. Dianne
Poster.

• Dr. Terry Fossum, special assistant to the secretary,
represented Rick Perry, the energy secretary.
• Dr. Dianne Poster, former special assistant to the director,
represented Dr. Walter Copan, the undersecretary of
Commerce for Standards and Technology and NIST
director.
• Barbara VanDyke, senior analyst with Crosswind
Media & Public Relations, brought specialization in
healthcare issues for the Department of Commerce.
Sessions abstract
The session panels covered topics that included “HAI Issues
in Healthcare,” “HAI Mitigation Programs,” “Issues in
Assessing UV-C Efficacy” and “UV-C Efficacy Standard
– What’s Required.” Session presenters included medical
researchers, practicing physicians, healthcare facility
management professionals and UV device manufacturer
executives, all interacting and dialoguing on the issues in
a true workshop manner (presentations may be found at
iuva.org). The resulting “mind meld” educated all about the
realities of dealing with healthcare acquired infections (HAIs)
in healthcare facilities and introducing positive change with
the application of UV light.

in the very busy operations of hospitals and general caregiving.
Jessica Scott, Yale New Haven Hospital’s director of quality
services, then mapped out how HAIs are tracked and reported
across the healthcare community and the resources the public
can use to be an informed healthcare consumer (e.g., The
LeapFrog Group).
Device related infections – CLABSI, CAUTI, and VAP; C.
difficile, MDROs, and the environment; and Surgical Site
Infections (SSI)
Michael Aniskiewicz, Yale New Haven Hospital, revealed
the overall perspective of healthcare associated infections
and their sources from the perspective of an Infection
Prevention Site Lead at a 1,500-plus bed hospital. Potential
sites of infections being surgical, catheter associated urinary
tract and blood stream infections were discussed along with
the importance of understanding antibiotic resistance.
Dr. Curtis Donskey of the Louis Stokes VA Medical Center in
Cleveland, Ohio, presented thoughtful insights from years of
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Workshop session details
Kicking off, Gary Cohen, executive director of IUVA,
welcomed the attendees and affirmed IUVA’s commitment to
promoting UV-C standards to help combat HAIs.
This led into Dr. Steven Choi, YSM and
Yale New Haven Health’s inaugural chief
quality officer and associate dean for
clinical quality, setting the stage for the
day with an insightful and fascinating
introduction to the setting of pioneering
physicians in pursuit of mal “airs” Dr. Steven Choi
and malaises in pre-antibiotic days,
highlighting how Dr. Ignaz Semmelweis, the “Father of Hand
Hygiene,” might not have died from sepsis if his physicians
had only followed his teachings.
The four session panels followed with the morning panels
facilitated by Martinello and in the afternoon by Cowan:
Panel 1: HAI issues in healthcare
The burden of HAI, HAI surveillance and HAI public
reporting
Workshop and working group co-lead Martinello laid out the
day’s events and presented a brief history and scope of HAIs
and the clinical environment in which they are found. Here,
and throughout the day, he illustrated the challenge of both
researching interventions and their resulting implementations

One-Stop UV-Supplier
for Ballast Water Treatment Systems
Special Components for Special NEEDS:
MEDIUM Pressure Lamps
LOW Pressure Lamps
Electronic POWER Supplies
UV-Sensors

Quartz sleeves
uvtechnik.com

2018 Quarter 4

5

t page 5
practice and research in infection prevention and treatments.
His clinical and experimental research to understand the
impacts of UV light on a variety of microbes helped to align
attendees’ comprehension of empirical and experimental
design for testing geometries, materials and fluence on
measurements of disruption of infectious agents and made
it clear that there are opportunities for UV to help reduce
the transmission of HAIs and to address some deficiencies in
hospital environmental control measures.
Nicole Colandrea, an infection preventionist at Yale New
Haven Hospital, focused on experiences with surgical site
infections (SSIs) in the
literature and in her clinical
practice yielding perspective
on a natural focus of lay
audiences. Participating in
the discussion, Dr. Maxwell
Laurans, chief and director,
Perioperative Services at
Yale New Haven Hospital
and assistant professor
of neurosurgery, YSM,
affirmed that chief amongst Figure 3. Nicole Colandrea
the precautions needed discussed surgical site
to prevent SSIs were infections (SSIs).
maintaining a sterile field
and disinfecting environmental surfaces – a recurring theme
throughout the day.
Panel 2: HAI mitigation programs
Infection prevention programs and mitigation of HAIs;
Healthcare facility cleaning programs and issues; and UV-C
disinfection overview (mechanism, history, data and gaps)
Dr. David Banach of the University of Connecticut presented
the practitioner’s perspective of infection prevention in a
working hospital, including contact isolation protocols,
organizational strategies and performance and process
measures. Some key questions constantly thwart infection
prevention practioners every work day: “How well are we
cleaning the patient-care environment? How well are we
cleaning, disinfecting and sterilizing our equipment and
instruments? Who is responsible for the different aspects
of cleaning?” and “How do we compensate when there’s
insufficient training and inadequate time for cleaning?”
George Pressley of ABM (the management company for
the environmental cleaning services to Yale New Haven
Hospital) then outlined the daily operation of Yale hospital
environmental services programs and practices that are
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so important to hospital environmental management and
operations, as well as patient comfort and respect. The
perspective was vital to the audience as it helped meld
the experimental and instrument leaders with the hospital
practices that will be the home of UV light devices.
John Jordan, Craig Coulbourne and Cathy Campbell, also
of ABM, shared presentations further delving into the
operations of making hospitals safe from infectious agents
and development of comprehensive cleaning practices
and cleaning testing done to safe rooms for occupation by
incoming patients. Their bottom line: hospital environmental
services providers need disinfection devices that are simple
to use and dependable, that actually disinfect and don’t use
up more resources than they save.

Figure 4. Cathy Campbell, with ABM, said UV devices
should be simple to use, dependable, work and save money.

Panel 3: Issues in assessing UV-C efficacy
Considerations for UV-C efficacy test standard of UV
devices in healthcare settings; and Germicidal UV-C lamp
approaches and applications for reduction
Dr. Ashish Mathur, Ultraviolet Devices Inc., outlined the state
of the art in UV lamp and LED technologies and instrumental
capabilities for stanching microbes. The wide variation in
device configurations and features such as user interface,
safety, software and data reporting, as well as the wide
variations in UV wavelengths employed (e.g., UV-C at 254
nm, pulsed xenon with wavelengths of 200 to 315 nm, far
UV at 222 nm, and visible radiation at 405 nm for creating
reactive oxygen species) offer great value and optimization
potential for the user. These variations are increasing with the
advent of UV LEDs with output wavelengths from 254 nm to
270+ nm. Moreover, when those variations are cross-walked
against the variability in UV dose required to be effective (see
Table 1), the number of considerations to be accounted for,
including the variability of natural biotic systems, is complex.

Table 1. Comparison of UV doses required to achieve 99%
efficacy, as presented by Dr. Ashish Mathur

UV dose (J cm-2) required
Pathogen

To achieve 99%
efficacy

Compared to
Influenza A

Aspergillus niger

330,000

72.4:1

C. difficile

38,500

8.4:1

Influenza A

4,558

1:1

ISO 9001:2015 Registered

This point was further emphasized by Dan Spicer,
LightSources, Inc., when he called out the different ways
UV devices are applied (e.g., air vs. surface vs. equipment
disinfection) and designed (e.g., fixed ductwork installations,
mobile devices on rollers, portable hand-carried devices).
Spicer’s conclusion was that there is no single silver bullet
approach and that an analysis of a full UV-C toolbox is
required on a case by case basis.
Variations in testing protocols and efficacy studies
Dr. Curtis Donskey focused on the crosscuts between
experimental and operation applications of UV in the clinical
environment and what he and
his colleagues have learned.
He described the variations in
testing protocols, which included
how one considers distance (i.e.,
between the UV source and the
target), shadowing (i.e., direct vs.
indirect exposure), carrier used
for the target (e.g., stainless steel
vs. glass, carrier size and shape,
horizontal vs. vertical orientation)
Figure 5. Dr. Curtis
and the amount of organic load
Donskey discussed the
assumed (i.e., organic coating
subtleties of testing UV
that might shield the target
devices.
pathogen from some fraction of
the delivered UV dose).

n HID/MPUV UVC & UVA
- Press seal
- Neck down vacuum seal

n Low Pressure UVC
- Hard Quartz, Linear, Compact & Bent
- Soft Glass - Linear & Compact
- Amalgam - Spot & Pellet Technology
(240W-1200W) {T5 to T12 dia.}

n UVC Lamps 185 nm, 254 nm
n UVB Lamps 295 nm, 310 nm, 320 nm
n UVA Lamps 350 nm, 369 nm
n Actinic Lamps 421 nm
n Low Pressure UVC, UVB, UVA
Sub Miniature CCFL’s (3.0mm to 6.0 mm dia. )

His conclusions: 1) measuring UV output may be valuable
as an adjunct to microbiologic results, given that standard
protocols for measuring UV are needed; and 2) whenever
possible, in vitro testing should be correlated with real world
performance in healthcare settings when comparing results.
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Variations in pathogen activation data
and current efforts to resolve them
Dr. John Boyce, an infectious diseases specialist and infection
prevention investigator, comingled the theoretical with the
practical and revealed valuable insights especially tailored
to the audience in part from his participation in the working
group. He made the points that most infection control
professionals and environmental services personnel: 1) lack
familiarity with UV output (irradiance) from the available
mobile UV devices; and 2) don’t have access to credible data
on UV doses (fluence) necessary to inactivate pathogens.
This makes it very difficult to compare mobile UV devices
currently marketed.

to easing adoption, integration and implementation of new
practices into vendor solutions.

Regarding UV dose (fluence) requirements, he presented data
showing how much variation there is in reported fluence data
between researchers, in one case showing C. diff. ranging
from 67.5 to 342.7 mJ/cm2 for meeting a 2 log10 reduction
– a difference factor of five times, making both data points
subject to interpretation. Boyce concluded that:

Figure 6. Dr. Cameron
Miller describes NIST’s
role in developing
standards for industry.

• Standardizing laboratory methods and test conditions
may help in establishing ranges of UV doses required
to inactivate specific pathogens; and
• Agreement on criteria of a “lethal dose” for pathogens
would be helpful, such as a 3 log10 (99.9%) reduction
of pathogens or a D90 (90%) reduction.
Working group member Barry Hunt, from the Canadian
Coalition for Healthcare Acquired Infection Reduction, lent
many practical observations of UV light implementations
in Canadian hospitals, as well as sharing implementation
protocols. This included a discussion on the current
regulatory updates being considered related to disinfection in
the Canadian healthcare system, and how a new UV efficacy
standard in the US could be considered for implementation
across Canada, as well.
Panel 4: UV-C efficacy standard – what’s required
UV-C measurement – status and current issues – standardizing
vocabulary on UV dose
Alice Brewer of Tru-D and Hunt described the current state
of how the disinfection power of UV light is defined and
measured in the scholarly literature and proposed standardized
sets of definitions to clear up current inconsistencies. For
example, they proposed that k values be defined as the UV
dose required to attain a 99.9% reduction (3 Log10) in colony
forming units (CFUs). This appears to be a significant but
realistic test threshold for surface disinfection efficacy. In
the technology marketplace, standard terminology lends
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Pathway to developing a UV-C standard
Dr. Cameron Miller shared the NIST programmatic efforts
in standards development and characterizations and
calibration of instruments and their
capabilities. He described a fourstep approach:
1. Standardizing measurement
methods;
2. Modeling UV exposure;
3. Establishing the standard k
values for inactivating target
organisms; and
4. Verification of the model and its
implementation

The result could be implemented in a test bed facility for
actual biological demonstrations and testing in a controlled,
standardized environment.
Real time measurement of contamination levels – microwave
monitoring of microbial degradation with UV sources
Dr. Dianne Poster, NIST, spoke to her colleagues’ efforts
to measure pathogen concentrations and degradation in
real time that result from UV exposure, thereby potentially
reducing lab culturing of the pathogens’ measure of CFUs.
Rather, using the change in impedance exhibited by dead cells
compared to living cells, one could infer the changing ratio of
dead to living cells as cells were inactivated. They were able
to do a rudimentary experiment with benign yeast cultures
that showed a doubling of cellular “death” rates in the lab
samples observed. Next steps are more rigorous experiments
leading to models for UV-photolysis.
At the end of the day
An informal evaluation was made at closing to gather
reactions to the day’s event. A reception followed, hosted by
LightSources and the Yale School of Medicine, encouraging
more discussions and information sharing. These efforts
continued through the dinner hour and evening, with experts
finding common ground.
From the day’s sessions and working group meeting which
followed, a soft consensus was reached on the following:
• The value of commingling and open sharing between
industry, science and medicine, engineering, and the

operational and practical afforded a rich opportunity
for content and learning.
• Efficacy standards and testing protocols are needed;
and they should be performance-based as opposed to
prescriptive and must address different sources such
as lamps and LEDs. They must be sufficiently flexible
to encompass a wide range of room geometries (e.g.,
patient rooms, ORs, ERs, reception areas) and different
test protocols (radiometers, test strips and other
indicators, various biota).
• The biggest surprises were that there are no healthcare
standards for how clean things need to be and that HAI
impacts aren’t a higher priority with the public.
About the IUVA Healthcare/UV Working Group
In keeping with its mission to “make the use of Ultraviolet
Technology a leading technology for public health and
environmental applications,” IUVA has recognized that
UV technologies have credibility issues due to the lack of
accepted efficacy or methods performance standards, which
impede the credibility of UV in the healthcare industry.
In response, the IUVA Healthcare/UV Working Group was
formed to address development of industry-wide, consensusbased efficacy standards for UV antimicrobial devices used
to attack HAI and MDRO pathogens in healthcare facilities.

No risk.
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Enjoy long lasting and
efficient solutions.
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Performance
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of Ownership
Highest
Efficiency

Extended
Warranty

Longest
Lifetime

Expertise and
Consulting

The end goal is to garner industry-wide recognition of
standards for UV devices used in healthcare facilities,
promoting wide-spread use of UV technologies, leading to
a HAI reduction of near 35% in the near term and virtually
eliminating them in the long term. Accordingly, the working
group will use its specific knowledge and experience to
provide global guidance and coordinate industry-wide
programs and deliverables, in furtherance of this goal and
the IUVA’s outreach to the healthcare industry.
The working group’s objectives include the following:
• Develop consensus-based efficacy standards and
associated testing protocols for UV disinfecting
devices used in the healthcare industry
• Coordinate review and approval of standards by
nationally and/or internationally recognized regulatory
bodies, leading to their acceptance as industry wide,
consensus-based standards in accordance with OMB
Circular A-119
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• Serve as the representative body for ongoing
administration, maintenance, management and oversight
of standards, to include developing a validated UV
roadmap for healthcare and developing and executing
an interagency communication plan
• Advocate across the healthcare and UV industries by
developing joint initiatives and nurturing alliances,
presenting arguments, interventions, engagements
and education. Spread the message via papers at
conferences and submitting articles for journals, as
well as stakeholder outreach
The working group will communicate its efforts and outputs
via presenting papers at conferences and publishing articles
in the peer-reviewed literature, as well as through stakeholder
outreach and engagement. Membership is open to any IUVA
member or organization, subject to approval by the chair.
A significant communications pathway has been initiated,
and substantial work has begun. n
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Figure 7. The collaborative mood between the healthcare
and industrial communities ran throughout the day.

UV Industry News
Boston Electronics Unveils
Expanded UV-C Sensor Product Line
Boston Electronics, Brookline, Massachusetts, announced
expanded capability of its UV-C TOCON sensors. TOCONs
are hybrid sensors in compact
TO packages, designed
with selectable sensitivity
ranges and amplified zero
to five V output. The output
allows easy integration with
sensor electronics. Nine
available models now cover
twelve 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 or electronic designs. UV-C spectral coverage spans
from 225 to 287 nm with peak sensitivity at 275 nm. Optional
hardened sensor housing for the TOCON are available in steel
and PTFE depending upon the environmental requirements.
For more information, visit www.boselec.com.

University to design, fabricate and test an integrated
water treatment system incorporating advanced ultraviolet
light emitting diode (UV LED) disinfection and filtration
technologies. The integrated device will target higher flow
rates and more challenging water qualities than currently
available commercial systems.

AquiSense Technologies Announces
R&D Agreement
AquiSense Technologies, Erlanger,
Kentucky, announced a Cooperative
Research
and
Development
Agreement (CRADA) between
the United States Environmental
Protection Agency (USEPA),
Washington
University
and
AquiSense
Technologies.
Through the CRADA partnership,
AquiSense is working with US
EPA researchers at the National
Homeland Security Research
Center (NHSRC) and Washington

Kruithof Appointed Knight
in the Order of the Netherlands Lion
During the Wetsus Congress, which is part of the European
Water Technology Week (EWTW), Mona Keijzer, state
secretary of economic affairs and climate policy, appointed
Dr. Joop Kruithof Knight in the Order of the Netherlands Lion
for his lifelong contribution to water research. Despite being
retired, Dr. Kruithof remains very active internationally. He
stimulates water technology innovation in many ways and
successfully coaches water professionals. He is connected
to Wetsus as member of the Program Board. Dr. Kruithof
has long been a member of the IUVA board and while he
was with PWN in North Holland, he was instrumental in
the development and installation of the largest advanced
oxidation UV treatment system in the world.

Goodbye to a Colleague
Wenjun Liu, professor of water engineering at Tsinghua University in Beijing, China,
passed away Sept. 29, 2018. He was a strong supporter of IUVA and a regional IUVA vice
president, and he organized the first IUVA-sponsored conference on UV disinfection in
Beijing in 2004. He was also instrumental in the adoption of UV regulations in China.
Professor Liu made significant contributions in his field through research, teaching, industry
and media. He will be missed by his many former students, friends and colleagues. n
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Testing for UV-C Antimicrobial
Efficacy in the Healthcare Setting
Richard A. Martinello, MD, Yale School of Medicine
Contact: richard.martinello@yale.edu

Introduction
Healthcare-associated infections develop during a patient’s
care and were neither present nor forming when the patient
first initiated contact with the healthcare environment.
These infections often are associated with the care being
received by the patient or the environment that surrounds
the patient during treatment. For example, patients who have
undergone surgery are at risk for an infection of the surgical
wound to develop during the immediate post-operative
period. Also, invasive devices commonly used in healthcare
– such as intravenous catheters, endotracheal tubes used
for mechanical ventilation and bladder catheters used to
drain the bladder of urine – increase a patient’s risk for a
healthcare-associated infection. By their invasive nature,
these devices violate the body’s defenses, which normally
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would help to prevent infections. Not only do surgeries and
invasive devices increase the risk for infection, but patients
also often have underlying illnesses and/or are receiving
medications that may impair the function of their immune
systems.
While many healthcare-associated infections arise from
bacteria or fungi already colonizing the patient when they
enter the healthcare environment, it is known that patients
rapidly acquire microbes already present in the surrounding
healthcare environment (Datta et al. 2011, Huang et al. 2006,
Drees et al. 2006). Whether the microbes causing an infection
are introduced by contaminated environments or invasive
treatments, these pathogens have a greater likelihood of being
resistant to frontline antibiotics, leading to potentially more

severe and more difficult to treat infections, and an increased
chance for death.
As an adjunct to combatting environmentally-introduced
infections through routine detergent and chemical cleaning and
disinfection, the application of UV-C for surface disinfection
in hospital patient rooms has been shown to decrease the rate
of healthcare associated infections (Anderson et al. 2017).
However, the ability for UV-C to effectively decrease the
burden of pathogens on surfaces, and, therefore, decrease
resulting healthcare associated infections, is dependent
on how it is applied (Boyce et al. 2016a). Specifically, the
surfaces must receive an effective dose of UV-C sufficient to
eliminate potential pathogens’ ability to grow.
However, delivery of a sufficient UV-C dose is complicated
by the significant variation in the shapes, sizes and surfaces
of hospital rooms, the variation in medical equipment in the
room, not to mention the addition of items, such as one or
more patient beds, bedside tables and a chair or two. This
variation and opportunities for shadowing affect not only the
time which effective UV-C treatment will require to ensure a
sufficient dose is received by the surfaces but also may require
UV-C lamp systems to be placed and operated in more than a
single location in any room being treated.
So how does a person operating the device know they
are delivering a sufficient dose and achieving the desired
microbiological impact? There are currently about 25
manufacturers of UV-C devices for surface disinfection
supplying the US. Most devices are simply operated on a timed
cycle, and manufacturers provide instructions for use outlining
device placement, the number of cycles per room and cycle
duration. A few manufacturers have incorporated features into
their devices to ensure an effective UV-C dose is delivered to
the surfaces. These features include such strategies as:
1. Incorporating multiple UV-C sensors in the
device that measure UV-C light reflected back to
the equipment; the data is then assessed using an
algorithm to determine cycle length,
2. Multiple remote UV-C sensors placed around the
room by the user, which measure the amount of UV-C
delivered and adjust the machine’s cycle duration to
ensure the desired minimum dose is received by each
sensor, and
3. Pre-UV-C treatment room mapping to determine
cycle duration based on room measurements and an
onboard algorithm. Some manufacturers provide
support to examine facility room configurations
planned for UV-C treatment and provide specific
instructions for UV-C device use by room.

Whether the microbes causing an
infection are introduced by contaminated
environments or invasive treatments,
these pathogens have a greater likelihood
of being resistant to frontline antibiotics,
leading to potentially more severe and more
difficult to treat infections, and an increased
chance for death.
However, UV-C devices with these additional features
allowing machine-automated customization of treatment
parameters come with significant added expense. Most
devices currently available in North America lack these
specialized features or support requiring the user to either
follow generic instructions or add empiric adjustments. Even
for systems with more sophisticated strategies to ensure
an effective delivered dose, whether an effective dose is
truly delivered to the surfaces of interest generally remains
unknown to the user. Failure to deliver required UV-C dosage
also may arise from mechanical issues such as variation
in low-pressure mercury bulb efficiency over time, bulb
temperature, burned-out bulbs, dust on bulbs in addition to
shadowing, surface variation and distance issues previously
mentioned.
An unresolved question continues to be, “How clean does the
healthcare environment need to be?” In the US, while it is a
standard of care for the healthcare environment to be visibly
clean, there are no microbial standards of cleanliness. Some
investigations have correlated environmental microbial
cleanliness and risk for healthcare-associated infections, but
the understanding of this risk remains incomplete (Donskey
et al. 2013, Weber et al. 2013). It is clear though that:
1. Patients contaminate their own environment with
potential pathogens, including antibiotic resistant
pathogens;
2. New patients residing in beds and/or rooms previously occupied by patients with specific pathogens
are significantly more likely to acquire those same
pathogens; and
3. Healthcare providers, through their hands and other
objects, can spread pathogens – further contaminating
the healthcare environment.
Therefore, while there are no US guidelines or requirements
for microbial cleanliness in the hospital environment, it is
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Table 1. Potential quality assurance outcome metrics for the use of UV-C for surface disinfection in the healthcare setting
Quality assurance approachoutcome metric options

Pros

Cons

Needs

Rate of healthcare-associated infections

• Reductions in healthcareassociated infections is the desired
primary outcome
• US CDC/NHSN* program has
standardized case definitions and
surveillance methods

• Large sample sizes are required
to show significant change.
May take years to accumulate a
sufficient sample size.
• Many confounding variables
impact interpretation of the
infection rate

• A more complete
understanding of environmental
microbial contamination as a
risk for healthcare-associated
infections

Standard test of UV-C impact on
microbial pathogens

• Direct measurement of the
expected impact of UV-C on
biologicals

• Resource intensive-to-produce
qualitative standard for testing
• Resource intensive-to-quantify
results

• More precise measurement
of k values for human
pathogens
• Development of
standardized test microbes
and methods

UV-C dose measurement

• Expected to be an excellent
surrogate for a microbiological test

• Required expensive equipment
to directly measure UV-C dose
• Equipment requires some
expertise for accurate use

• Standardized test methods
• Research and development of
improved photochromic papers

* Centers for Disease Control and Prevention/National Healthcare Safety Network program
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becoming increasingly clear that minimizing contamination
of the patient care environment can decrease risk for healthcare-associated infections and create a safer environment for
patient care.

A study performed by Dr. John Boyce and colleagues identified
that quaternary ammonium agents, a chemical commonly
used to disinfectant environmental surfaces in the healthcare
environment, often was not present in the recommended
concentrations while in use due to 1) improper dispensing from
automated mixing stations and 2) binding of the quaternary
ammonium chemical to cotton fibers in the materials used
for cleaning (Boyce et al. 2016b). Insufficient disinfectant
concentration could lead to a lack of effective disinfection
and thus increase the degree of environmental contamination
and risk for healthcare-associated infections. Boyce and
colleagues concluded that healthcare facilities should consider
periodically testing quaternary ammonium solutions to ensure
the presence of proper disinfectant concentrations.
In an analogous manner, healthcare facilities implementing
a program using UV-C for surface disinfection also should

10.12.2017 12:48:32

consider testing to ensure that the use of the equipment is
achieving desired environmental sanitation. This impact
could be measured by several approaches, such as:
1. Patient outcomes – the rate of healthcare-associated
infections;
2. Measurement of the impact of UV-C on test surfaces
contaminated with known amounts of specific
microbial pathogens – a standard test of the UV-C
impact on microbial pathogens; or
3. Measurement of the UV-C dose on specific surfaces.
Each of these approaches has significant pros and
cons (see Table 1).
But how should this be performed? While the desired outcome
of reductions in the rate of healthcare associated infections
appears to be an attractive metric to follow, the sample
size necessary for sufficient power to show a difference
is substantial, and infection rates can be impacted by a
multitude of confounding variables. Microbiological metrics
may possibly be used where known quantities of selected
microbes are placed on sterile metal coupons, these coupons

are then placed in a room to be treated and the microbes are
quantified post-UV-C treatment. This work, however, is very
labor-intensive, and most healthcare organizations do not
have an in-house lab experienced in testing microbes from
environmental specimens – creating additional expense if
these tests are to be outsourced. The measurement of UV-C
dose is an attractive alternative, though acquisition and proper
use of UV-C meters remain a barrier.
There has been extensive work investigating the survival
curves for specific bacterial, fungal and viral species
important to human health, but in this body of literature, there
remains significant variability in the results, indicating this
is an area needing additional investigation. As noted, there
is great variability in the spaces and surfaces where UV-C
may be used for surface disinfection. Distances, angles and
shadowing are inherent in the environment. In order to ensure
the proper dose, operators of UV-C need to consider testing
UV-C dosing. UV-C measurement using photochromic papers
are potentially an option, though it appears that additional
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work is needed to determine their accuracy and limitations
of use.
Taking either a microbiologic or UV-C dose measurement
approach, a problem that remains is deciding which area(s)
to sample. Infection prevention teams in healthcare are
primarily concerned about the cleanliness of so-called hightouch surfaces, which are simply the surfaces in the patient
care areas that are more frequently contacted by the patient
and caregivers, such as door knobs and nurse call buttons.
Presumably, contamination of these high-touch surfaces
is more impactful than other surfaces in the patient care
environment.
In conclusion, while it does seem prudent for users of UV-C
for surface disinfection in healthcare to perform periodic
testing of the effect of their devices, there remains several
gaps which need attention. Specifically:
• More precisely defined k values for significant
microbial pathogens are needed to improve the

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

Insufficient disinfectant concentration could
lead to a lack of effective disinfection and
thus increase the degree of environmental
contamination and risk for healthcareassociated infections.
understanding of the necessary UV-C dosing for
effective surface disinfection and to guide quality
assurance measurements.
• The identification of commercially available strains
of these pathogens, which can serve as standards for
future research and quality assurance testing.
• Easy to use, reproducible methods for the measurement
of UV-C dose by users of this technology in the
healthcare setting, including guidelines for the
frequency of testing. n
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What should a UV-C Antimicrobial
Efficacy Standard Look Like?
Ashish Mathur, Ph.D., Ultraviolet Devices Inc.
Contact: ashish.mathur@uvdi.com

Background
Contaminated surfaces in healthcare facilities may contribute
to the transmission of pathogens implicated in hospitalacquired infections (HAIs), such as Clostridium difficile,
methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococci (VRE), gram-negative
rods (Acinetobacter spp. and Enterobacteriaceae) and
norovirus. While patient rooms are regularly cleaned and
disinfected using manual techniques, evidence suggests that
the adequacy of cleaning is often suboptimal, particularly
when the focus is only on those surfaces perceived to be highrisk or frequently contacted (high-touch) (Carling et al. 2008).
Inadequate cleaning using manual techniques prompted the
development of no-touch systems that can decontaminate
objects and surfaces in the patient environment. These
technologies employ the use of ultraviolet (UV) light or
hydrogen peroxide. Automated UV room disinfection devices
have seen increasing use in healthcare facilities with the goal
of greater reduction of microorganism contamination.
Automated UV disinfection devices that continuously emit
UV-C in the range of 254 nm wavelengths can be placed in
patient rooms after patient discharge and terminal cleaning has
been performed. Some of these systems can achieve up to four
log or more disinfection of VRE and MRSA and C. difficile by
1 to 3 log. Manufacturers’ protocols for UV treatment devices
vary – some encourage supplementing with standard cleaning
protocols; others encourage using the UV device only.

Current standards and practices
Chemical disinfectants are heavily regulated by the EPA for
FIFRA compliance, where manufacturers are required to
back up efficacy claims per individual pathogens with thirdparty validation using EPA test protocols. However, there are
currently no established efficacy standards for UV devices.
UV devices are only regulated by the EPA under FIFRA as
pesticidal devices, but unlike pesticidal products, they do
not require EPA registration (EPA 2018). Data to support
claims is expected, and false or misleading claims cannot be
made about the effectiveness of devices. The devices must be
produced in an EPA-registered establishment. Additionally,
some states require state registration.
The lack of an efficacy standard for such devices has resulted
in manufacturers using different approaches to make efficacy
claims. This lack of standardization has created confusion
in the healthcare industry. At present, infection prevention
specialists cannot accurately compare performance of UV
devices and make informed purchasing decisions. Some
manufacturers claim reduction of microbial burden; others
claim the reduction of HAIs. Specific data requirements have
not yet been established, but performance-based language
– such as sanitizer, disinfectant or sterilizer – often is used.
Furthermore, without an efficacy standard, hospital device
users are unable to follow any re-validation protocol for
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continued device effectiveness. Lastly, some manufacturers
make misleading public health claims regarding their device
that could discredit the UV industry. Establishment of a UV
efficacy test standard that is utilized by manufacturers would
benefit the industry and healthcare facilities and, ultimately,
aid in the overall mission of public health.
Important considerations for UV efficacy standard
There is a growing multitude of whole room UV disinfection
devices available to the healthcare industry each having their
unique physical design and technical attributes. Figure 1 (on
page 17) shows some of the commercially available UV room
disinfection devices for use in healthcare settings.
The lack of uniformity between devices presents a unique
challenge to come up with an efficacy standard that would
be applicable for all these devices. The standard would have
to account for several factors that contribute to the efficacy
of UV-C devices, such as wavelengths employed, treatment
protocols, testing environment, test pathogens, test carriers,
carrier inoculation, carrier placements, treatment time, dose
measurement apparatus, etc.

Some of the important factors that impact the efficacy of UV
devices are discussed below:
Form factor
Currently, three form factors are utilized by UV device
manufacturers for whole room disinfection. The most common
configuration utilizes multiple lamps fixed vertically on a base
platform, typically in a circular configuration. An alternate
configuration utilizes a single lamp arrangement which is
moved vertically up and down during the treatment cycle.
Whole room disinfection is achieved by single or multiple
placements of the UV device in the room. An alternate
arrangement is provided by a manufacturer, where the UV
lamps are located on arms that can be oriented at different
angles. A very different form factor is utilized whereby the
UV light fixtures are mounted in the ceiling of the room.
UV wavelengths
While multiple types of light sources may be used (mercury,
pulsed xenon, LEDs, etc.), the wavelengths emitted by the UV
devices have an important bearing on the efficacy of the device.
The varying susceptibility of different microorganisms to
different wavelengths has been studied (Figure 2) (EPA 2006).

Figure 2. Microorganism and DNA susceptibility as a
function of wavelength. Source: Adapted from Rauth (1965),
Linden et al. (2001) and Malley et al. (2004)

The majority of the UV devices currently used in the industry
employ low-pressure mercury lamps that continuously emit
UV-C primarily at 253.7 nm wavelength, which is well
known to inactivate the DNA of bacteria, virus and fungi.
Some devices utilize pulsed xenon lamps, which emit a
broad-spectrum light in the 200 to 315 nm wavelength.
Conceptual devices also have been introduced that utilize
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light sources that emit specific wavelengths in the far UV
(207-222 nm) spectrum. Violet-blue light at 405 nm has also
been introduced in ceiling fixtures and found to be effective,
albeit slow, for bacterial pathogens.
Device output
The efficacy of a UV device is based on the overall UV output
delivered by the device in all directions. The overall UV output
is dependent on the lamp intensity, number of lamps, height of
the lamp, lamp configuration on device, reflectors and other
physical attributes. An important aspect to consider, which is
sometimes ignored, is the performance of the lamp(s) over
time. Depending on the type and quality of the lamp, the lamp
output and therefore the device efficacy may decrease over
time. The efficacy standard would have to recognize this as
an important variable and include measurement and reporting
of the lamp output used for efficacy measurements.
Treatment protocol
Variation in treatment protocol recommended by different UV
manufacturers for their devices makes it difficult for hospital
device users to compare the efficacy of the devices to achieve
whole room disinfection. Treatment protocols vary from
single placement or multiple placements in a room. Multiple
placements are conducted by using one device sequentially or
using multiple devices simultaneously. Several studies have
been conducted by key researchers to highlight the advantages
of multiple placements to achieve acceptable disinfection
levels at surfaces in direct and indirect line of sight of the
UV devices (Rutala et al. 2016). Variations also arise from
recommended treatment times by different manufacturers
– while some recommend using fixed treatment times to be
used per placement cycle, others use room mapping software,
reflected dose measurements or measured dose on target
surfaces, etc. to dictate the treatment time for their UV device.

Figure 3. Log reduction of different microorganisms as a
function of UV dose. Source: Adapted from Chang et al. (1985)

Pathogen type
It is well known that different pathogens exhibit varying
susceptibility to UV with vegetative bacteria and viruses
typically easier to inactivate than spores or fungi. While UV
systems can achieve up to four log or greater reduction of
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Room type and configuration
The room size and configuration are closely related to the
treatment protocol to be used by the UV device. UV-C
irradiance, dosage and antimicrobial effect received from a
mobile UV-C device varies substantially based on location
in a room relative to the UV-C device (Boyce et al. 2016a,
Kanamori et al. 2016). It is important to recognize that UV-C
light is a “line of sight” technology, meaning that destruction
of microorganisms can be achieved when they are in a
direct line of sight of the UV device. Efficacy decreases in
shadowed areas or areas not in direct path of UV light. This
may require more than one placement of a UV device in an
area with many hard-to-reach surfaces and/or increase in
treatment times.
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VRE and MRSA, the log reduction achieved for C-diff spores
will be much lower for the same UV treatment period (see
Figure 3 on page 19). Furthermore, the susceptibility of the
microorganism with increasing levels of UV dose may not
be linear and would be different from one microorganism to
another (Boyce et al. 2016b; EPA 2006).
UV dose target values
One common misapplication of UV devices is the estimation
of UV dose required to achieve a certain log reduction for a
target pathogen. The required UV dose for a microorganism
forms the basis of design and application for all UV systems.
It is the required dose which dictates the collective intensity
output and configuration of all UV lamps for any UV device.
The UV dose required to inactivate a microorganism is
completely dependent on the value of the UV rate constant
for that microorganism.
While there are multiple reported studies on UV rate constants
available in the literature, these studies have been conducted
with different experimental set-ups, different UV wavelengths,

different strains of microorganisms and on different media
(water, air and surface) (Kowalski 2009, Bolton et al. 2016).
Also, the impact of soiling or organic matter present with
the microorganism – as well as soft surfaces, such as privacy
curtains and upholstery, etc. – has not been studied in detail.
UV-C devices typically show diminished micro-efficacy
when used on soiled or soft surfaces. Since most of the
studies have concentrated on water media, the relevance of
these studies on surface media is not clear. Due to lack of
industry consensus on the UV dose requirements for different
microorganisms, there is considerable variability in the UV
systems offered by different manufacturers, with all claiming
effectiveness against the microbes.
Another important question where there is little industry
consensus is the level of “clean” that would be acceptable by
infection control preventionists in hospitals for the deployment
of these whole room disinfection devices. While some propose
minimum two log reduction requirements, others recommend
having three or greater log reductions to be attained for hightouch surfaces.
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Suggested scope of UV device efficacy test standard
The main objective of an efficacy test standard is to quantify
the antimicrobial efficacy of a UV room disinfection device
in a controlled and reproducible setting. Considering the
above factors governing the efficacy of the UV device, the
following items would need to be addressed to determine the
scope of the test standard:
• Should the scope be limited to measurement of the
output of the UV device as a measure of its efficacy,
or should the efficacy be evaluated against some target
microorganisms?
• Should the efficacy test be conducted in a laboratory
setting or in a simulated room with fomites present in
a typical hospital room?
• Selection of target microorganisms
• Sample preparation using industry standard techniques
• Consensus on minimum UV dose level to be achieved
for selected microorganisms (may require a separate
study)
• Measurement of UV intensity of lamp and/or using
industry standard test method and instrumentation
(may require development)
• Should the standard stipulate minimum efficacy (log
reduction) requirements for selected microorganisms?
• Test protocol to be used: standardized or as per manufacturers’ recommendations
• Detailed specification of the UV device evaluated
including device name, model number, manufacturer
and device picture
• Test facility to conduct the testing

The test standard needs to be inclusive
for all types of devices at various stages of
maturity. It might, therefore, be appropriate
to provide different levels of certification.
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Pathway to Developing a UV-C
Standard – A Guide to International
Standards Development
C. Cameron Miller and Ajit Jillavenkatesa, National Institute of Standards and Technology
Contact: c.miller@nist.gov; ajit.jilla@nist.gov

What is an international standard?
Given the broad impact of standards on product functionality,
trade and market access, there has been some discussion about
the definition of “international standards.” This discussion
sometimes colloquially is referred to as the “I” vs. “i” debate.
While some choose to define international standards as only
those standards developed by the International Organization
for Standardization (ISO), the International Electrotechnical
Commission (IEC) or the International Telecommunications
Union’s Standardization Sector (ITU-T), others have taken
the view that the procedures followed during the development
of a standard define whether the standard is an international
standard.
Definition according to the World
Trade Organization
This discussion has assumed significance due to the emphasis
placed on the use of international standards by the World
Trade Organization’s Agreement on Technical Barriers to
Trade (WTO-TBT Agreement).1 Specifically, clause 4 of
Article 2 on the Preparation, Adoption and Application of
Technical Regulations by Central Government Bodies notes
that,
“Where technical regulations are required, and relevant
international standards exist or their completion is
imminent, Members shall use them, or the relevant parts
of them, as the basis for their technical regulations
except where such international standards or relevant
parts would be an ineffective or inappropriate means for
the fulfilment of legitimate objectives pursued ….”
This language clearly emphasizes the imperative to use
international standards. Just as importantly, clause 2.5 notes
that,
“Whenever a technical regulation is prepared, adopted
or applied for one of the legitimate objectives explicitly
mentioned in paragraph 2, and is in accordance with
relevant international standards, it shall be rebuttably
presumed not to create an unnecessary obstacle to
international trade.” (emphasis added)
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However, the agreement does not define what an international
standard is.
Following significant debate and discussion among
stakeholders about what standards are international
standards, the TBT Committee during its second triennial
review of the operation and implementation of the
Agreement on Technical Barriers to Trade in 2000, issued
additional guidance that helps with the understanding
of what are international standards. In section C.19 (G/
TBT/9), the committee noted that a diversity of bodies was
involved in the preparation of international standards and
that different approaches and procedures were used by them
in their standards development activities.
The committee adopted a set of principles – openness,
impartiality, transparency, consensus, relevance, effectiveness,
coherence and developing country interests, as principles
that are important for international standards development.
Standards that are developed using these principles are
international standards in the US and in other jurisdictions

around the world. In some jurisdictions, national legislation
defines international standards as only those standards
developed by ISO, IEC or ITU-T.
Standard-developing bodies
There are numerous standards-developing bodies around the
world. Bodies such as ISO and IEC are private sector standards
developing organizations that include representation from
countries around the world. In ISO and IEC, country interests
are represented by a National Standards Body that could be
a private sector organization (e.g., ANSI for the US or DIN
for Germany) or could be a governmental organization (e.g.,
BIS for India or KATS for the Republic of Korea). There
are many other models of standards-developing bodies
that develop international standards. Such organizations as
ASTM International, ASME, IEEE, etc. facilitate standards
development based on the representation of individual
experts acting in their capacity as individuals or representing
the interests of their organizations.
Still other organizations such as the World Wide Web
Consortium (W3C) or the Internet Engineering Task Force
(IETF) follow yet other models for developing consensusbased specifications in open and transparent processes. This
diversity of approaches contributes to a rich tapestry of
organizations that mostly complement each other and creates
a vital ecosystem of standards-developing organizations that
can meet the standardization needs in a timely and robust
manner, resulting in fit for purpose standards.
Relationship with ANSI and international standards
(American National Standards)
The American National Standards Institute (ANSI) is the
National Standards Body for the US. ANSI is a private
sector organization that acts as a federation representing the
interests of US domiciled standards developing organizations,
industry, government, academia and consumers in ISO,
IEC and in regional standardization efforts such as those
for the Americas (COPANT) or the Pacific Area Standards
Congress (PASC). All US entities participating in any ISO
or IEC standardization activity participate through an ANSIaccredited effort. This effort can reside within a US-domiciled
standard developing organization or some other organization
that can convene a range of interests relevant to that standards
development effort. In some instances, US domiciled
organizations choose to seek accreditation as Accredited
Standards Developers (ASD).2
The process of accreditation requires the development of a
documented process that is assessed by ANSI on a regular
interval. In addition, there is a cost for maintaining the
accredited status. Such as accreditation is an indication

that the standards development process used by the SDO
follows ANSI’s requirements for openness, due process
and consensus, which are elements of ANSI Essential
Requirements. Often, ASDs will voluntarily chose a
standard that they have developed designated as an American
National Standard (ANS). This designation further conveys
the robustness of the process by which the standard was
developed. The designation conveys that the standards
development process was open, balanced, consensus-based
and transparent manner. Different organizations may choose
to seek ASD designation or ANS designation for specific
standards based on the value they see3 in such designation
for the standard or for the users of their standards. Currently,
approximately 11,000 standards carry the ANS designation.
Standard-developing organizations associated
with UV applications and general lighting in the US
The lighting industry has a history of more than 120 years.
Due to this, several SDOs participate in standardization of
the lighting industry. Among these SDOs are the Illuminating
Engineering Society (IES), ASTM International and the
National Electrical Manufacturers Association (NEMA).
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Each of these organizations have a sector of expertise
that contributes to developing documentary standards
including test methods, form factors, performance levels,
nomenclature and definitions. Many times, these SDOs
collaborate when topics cross boundaries. IUVA has
worked with American Society of Heating, Refrigerating
and Air-Conditioning Engineers (ASHRAE), particularly,
ANSI/ASHRAE Standard 185.2-2014 – Method of Testing
Ultraviolet Lamps for Use in HVAC&R Units of Air Ducts
to Inactivate Microorganisms on Irradiated Surfaces.”
The measurement and application of light has been the
territory of the Illuminating Engineering Society (IES).4
The IES produces several types of documents, including
laboratory methods (LM), technical memorandums (TM),
recommended practices (RP) and design guides (DG). The
IES relies on technical committees made up of subject experts
that range from lighting component and lighting system
manufacturers, lighting designers, laboratory measurement
experts, test equipment manufacturers and government
representatives. Consensus is achieved through a rigorous
process that includes experts who are IES members and
non-IES members.
The Standards Committee has three groups: Lighting
Science, Lighting Practice and Lighting Applications. The
IES is an ANSI-accredited SDO and has developed many
working relationships with other organizations including
ASHRAE, NECA (National Electrical Contractors
Association), NALMCO (interNational Association of
Lighting Management Companies), ALA (American
Lighting Association) and the IDA (International Dark Skies
Association). The IES would be an appropriate partner for the
development of UV-C light measurement procedures.
ASTM International,5 which used to be the abbreviated
form of the American Society for Testing and Materials, is
a US-domiciled developer of international standards that
has more than 12,000 standards. ASTM standards within
the lighting industry mainly deal with the measuring the
properties of components used in developing lighting
products including chemical analysis, spectral reflectance,
spectral transmittance, and weathering of materials. Lighting
related standards in ASTM are developed in its technical
committees such as E12 – Color and Appearance, C24.40 –
Weathering, and E35.15 on Antimicrobial Agents. ASTM’s
documentary standards include guides, test methods and
performance levels. Recently, the E35.15 has produced
ASTM E3135-18 – Standard Practice for Determining
Antimicrobial Efficacy of Ultraviolet Germicidal Irradiation
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The UV-C disinfection community can
leverage the standard developing
infrastructure of the general lighting
community to produce standards to ensure
a reliable, consistent market.
Against Microorganisms on Carriers with Simulated
Soil. This test method provides a consistent approach to
determining inactivation doses required. ASTM would
be suitable partner for the development of UV-C required
performance levels for the disinfection of surfaces.
NEMA6 has created documentary standards that define a
product, process or procedure with reference to one or more
of the following: nomenclature, composition, construction,
dimensions and operating characteristics or performance
focusing on the form-factor and electrical requirements
within the lighting industry. The Solid-State Lighting Product
Group and the Lighting Systems Division have developed
many of the standards that define the form-factor or specific
dimensions for light bulbs, the electrical requirements
of ballasts and the performance color characteristics of
fluorescent lighting among other topics. A NEMA partnership
would provide the opportunity to standardize components
and electrical performance within UV-C technologies.
UV-C documentary standards
The UV-C disinfection community can leverage the
standard developing infrastructure of the general lighting
community to produce standards to ensure a reliable,
consistent market. The first proposed standard is a test
method for the measurement of radiant flux of low-pressure
(LP) mercury tubes developed through an ANSI approved
standards development process. This document has a scope
describing the procedures to determine the total radiant flux
(W) and/or the distribution of radiant intensity (W/sr) at a
specific wavelength of 254 nm under standard electrical and
operating conditions.
Most of this work would leverage the process written by
Lawal, et al. – “Method for the Measurement of the Output
of Monochromatic (254 nm) Low-Pressure UV Lamps”
published in IUVA News.
Standard electrical and operating conditions include the
tolerances on voltage waveforms, voltage regulation,
ballast conditions, ambient temperature and allowable air
flow. Additional conditions are controlled, including lamp
orientation, seasoning, preburning and stabilization time

UV Solutions

in order to increase the reproducibility among laboratories.
The calibration and measurement procedures are described
for using an integrating sphere system, a goniometer system
or using the Keitz formula. The difference between using
a broadband measurement vs. a spectroradiometer system
are presented. Additional guidance is provided, including
measurement uncertainty considerations and information
that should be provided in a test report.
The second proposed standard to develop is a test method
for the measurement of radiant flux of medium pressure
mercury tubes and xenon tubes. The document scope describes
procedures to determine the total spectral radiant flux (W/
nm) and/or the distribution of radiant intensity (W/sr) over a
wavelength range of 200 to 400 nm under standard electrical
and operating conditions. Many of the conditions and the
guidance presented in the LP mercury tubes document would
be similar. More emphasis would be placed on calibrating the
spectroradiometer within the measurement system. In addition,
a collaboration with NEMA may be required to establish
standard ballast conditions for the operation of the tubes.
The third document is a test method for the measurement
of radiant flux of LED packages. The document scope
describes procedures to determine the total spectral radiant
flux (W/nm) and/or the distribution of radiant intensity
(W/sr) over a wavelength range of 200 to 400 nm under
standard electrical and operating conditions. The electrical
and thermal management of the LED in a standard condition
is significantly different than mercury tubes. The IES has
published a measurement method for LEDs identified as
LM-85-14 – Approved Method: Electrical and Photometric
Measurements of High-Power LEDs. While this document
focuses on the 380 nm to 780 nm wavelength range, the
protocol and techniques discussed in the standard can be
extended to cover the 200 to 400 nm range.
The first three proposed standards have dealt with the
measurements of components that are installed into fixtures.
The next two documents would cover a test method for the
measurement of radiant intensity distribution (W/sr) of a
UV-C luminaire and a test method for the measurement of
irradiance (W/m2) of a UV-C luminaire at a specific distance.
The data collected using these two methods would allow an
application to be modeled.
While this is not a complete list of documentary standards
for UV antimicrobial devices used to attack HAI and MDRO
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pathogens in healthcare facilities, which is mission of the
Healthcare/UV Working Group formed by the IUVA, an
additional proposed standard is the recommended practice for
implementing surface UV-C disinfection. The recommended
practice would provide guidelines on the required amount of
UV-C light to accomplish inactivation of different pathogens.
The practice also may describe modelling techniques such
as establishing a scenario and then – by using ray tracing
software, the data collected for the UV-C luminaire and UV-C
reflectance data collected using ASTM standards – determine
if the dose is large enough to accomplish the required task.
Advantages of documentary standards
There are several advantages to establishing documentary
standards that cover test methods and performance level
requirements. Sound technical standard measurements benefit
the user and the manufacturer by eliminating discrepancies
and misunderstandings. The user can select and obtain
the proper product for the application based on consistent
quantities. The manufacturer can establish warranties based
on solid measurements ensuring reliability. This provides
clarity, consistency and certainty in the product value chain.
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By establishing a test method for the components used in
a fixture (LP mercury tubes, MP mercury tubes, xenon
tubes and LED) a fair comparison is possible between
older technologies and newer technologies. If performance
levels or dose of a wavelength required for inactivation is
established, then the requirement is providing the number of
photons needed independent of technology.
Documented standard test methods allows for the
measurement infrastructure to develop. Third-party
laboratories can invest in equipment and capabilities to
support the disinfection industry. The laboratories then can
become accredited, which means an accreditation body like
the National Voluntary Laboratory Accreditation Program
(NVLAP) or A2LA or ACLASS can assess the laboratory
management and quality system against a well-established,
and globally accepted, international standard, ISO/IEC
17025:2017 – General requirements for the competence of
testing and calibration laboratories.
Accreditation ensures that the laboratory has the competence
to test a product to certain standards and has the appropriate
quality management systems in place.
Once a measurement infrastructure is established for UV-C
disinfection, if the need for regulation develops, voluntary
documented standards offer a clear path forward, as the use
of these standards for the technical regulations can obviate
the need for additional burdensome requirements and meet
existing global trade obligations. n
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Some Thoughts on a Standard Protocol
for Validating UV Disinfection Units
for Surface Disinfection
James R. Bolton, Ph.D., Bolton Photosciences Inc.
Contact: jbolton@boltonuv.com

In the articles that have been submitted for this issue of IUVA
News, there are attempts to move toward the establishment of
a standard test protocol for validating UV devices intended
for the UV disinfection of surfaces. As the special editor
of this issue, I decided to try to help the process with some
thoughts derived from my experience with the validation
of UV devices intended for the UV disinfection of drinking
water or wastewater.
In my view, any standard protocol for validating UV
disinfection units for surface disinfection should be based
on biodosimetry, as are the protocols for validating UV
disinfection units for the disinfection of drinking water
and wastewater (e.g., the US-EPA Long Term 2 Enhanced
Surface Water Regulation (EPA 2006a) and the Ultraviolet
Disinfection Guidance Manual (UVDGM) (EPA 2006b), the
Austrian ÖNORM Regulations (ÖNORM 2001, 2006) and
the German DVGW Regulations (DVGW 2006).
Biodosimetry means challenging the device with a standard
microorganism and comparing the viable counts with and
without UV exposure. The log inactivation [log(N0/N], where
N0 is the count level with no UV exposure and N is the count
level with UV exposure, is determined for a range of UV
exposures.
In a separate experiment, the UV sensitivity of the standard
microorganism is determined from a UV dose-response
curve, from which one can determine the UV dose applied
for each exposure. If one tries to apply this approach to the
UV disinfection of a surface, the procedure might be:
1. Define a standard surface, which should have some
relevance to a practical application – the standard
surface might be a geometric pattern of grooved metal
pieces, so the surface has some texture
2. Apply a fixed number of cells to each of the standard
surface metal pieces
3. Install the UV device according to the manufacturer’s
instructions
4. Turn on the UV device and allow it to warm up
5. Expose the standard surface to UV from the UV device
for a fixed number of seconds (best to use a shutter)
6. Extract the cells quantitatively from the surface pieces

and determine the number of viable cells (N) in each
piece
7. Repeat steps two through six for several different
exposure times
8. Intersperse repeats of steps two through six for zero
exposure; here the counts would be N0
9. Calculate the log inactivation [log(N0/N]
10. In a separate experiment, use a UV device that will
generate a known irradiance (mW/cm2) at each metal
piece of the standard surface and thus determine the UV
dose-response curve for the standard microorganism
11. Convert the log inactivations to UV doses using the
data from step 10
The overall validation testing should be carried out at an
established validation center or by a qualified third-party
professional following a standard protocol to be developed
by IUVA. If government agencies (e.g., USEPA and/or
NIST) are involved in the process of writing the protocol and
establishing one or more validation centers, all the better. n
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in 2019...

IUVA will launch a brand new publication:

We are very excited to launch the new publication for the International
Ultraviolet Association (IUVA), titled UV Solutions – Innovations for
Industry, Public Health & the Environment in Quarter 1 of 2019. The
magazine will take the place of IUVA News and combine the best elements
of it with new features designed to appeal to a wider audience.

UV Solutions will provide high-quality, technical content devoted to the
latest advances in ultraviolet technology as it relates to public health and
the environment. It will fully address issues affecting IUVA membership and
the industry as a whole.
We are all very excited for what 2019 will hold, and we are confident that
with UV Solutions’ dynamic design and expanded readership, it will launch
the association and the industry into a new era of communication and
collaboration on UV technology.

– Jim Malley,
UV Solutions editor-in-chief

Reserve UV Solutions will have an industry-wide distribution – more
ad space than 10 times that of IUVA News. Contact Janet Dunnichay at
785.271.5801 or janet@petersonpublications.com.
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