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A Message
from the IUVA President

Kati Bell

Happy spring! And thanks to all of our organizers and members for a very successful America’s Regional Conference held Feb. 5-7 in Austin, Texas. This meeting hosted two special workshops, one on UV-LED technologies and
one on UV-AOP. With a strong technical program, including a special session on UV applications for preventing
hospital-acquired infections, we had great attendance and several new exhibitors. So, thank you all for participating in this event, and a special thanks to Dr. Ron Hofmann, who has served as the technical program chair for
the last two major IUVA events!

Other activities coming up this year include a drinking water workshop being planned by our EMEA co-chairs
in the UK, in conjunction with CIWEM. The event is scheduled to be held May 4, 2017, at the CIWEM Venue, 106-109 Saffron Hill,
Farringdon, UK. And, we are well into organizing the World Congress set for Dubrovnik, Croatia, Sept. 17-20, at the Valamar Hotel, where
we look forward to a big crowd in a beautiful location. The call for abstracts for the 2017 World Congress has been released, and we are
looking forward to an excellent program chaired by Dr. Regina Sommer.
There have been a few questions regarding the timing of World Congresses with one having occurred in 2016 and now another in 2017,
and we wanted to be sure to explain that we will only have one World Congress every two years. In 2015 we had some scheduling issues
with the venue that required us to push the 2015 event to early 2016 in Vancouver – which was an incredibly successful event! This year
we are back on track, and we will continue to hold the World Congress events on odd years.
In addition to the World Congress, we are planning for an Asian workshop in Singapore on Nov. 6, 2017. These and other IUVA events
continue to be opportunities for education and networking. There are always technical issues and regulatory challenges and our organization is critically important for providing an opportunity to address issues that potentially have significant impact on the application of UV.
Our committees are actively in collaborating to address these issues, and one recent example is the IUVA collaboration with the EPA to
conduct a peer-review of their “Innovative Approaches for Validation of Ultraviolet Disinfection Reactors for Drinking Water Systems”
prior to its release.
If you are interested in volunteering to help increase IUVA’s visibility as a committee member or, like Dr. Josh Goldman and Daniela
Castaneda who have been working to update our website, please contact Gary Cohen (gcohen@iuva.org) with your contact information,
and we can look for the best opportunity to connect you with IUVA. Happy New Year – and please remember to thank our support staff,
in particular Jim Bolton, Gary Cohen, Mickey Fortune and James Kerich, who help IUVA deliver significant benefits to our members.
Kati Bell, IUVA president
Water Reuse Practice Leader at MWH Global

A Message
from the Editor-In-Chief
This IUVA News issue features two articles, one on UV systems for reuse applications and another on a newly
adopted IUVA protocol on UV lamp efficiency testing. The latter is the result of a major effort by the Manufacturers’ Council and the Technical Committee.
As noted in my December 2016 message, the editorial board has approved expanding the coverage of IUVA News
by allowing free access, for utilities and university and institute libraries, to the IUVA News website at
Jim Bolton
www.iuvanews.com, where present and past issues, as well as individual articles, can be viewed and/or downloaded. Please help us get the word out if you know of a suitable contact.
IUVA News is your quarterly ultraviolet magazine, so please take some time to read it through, and don’t forget the ads. The ads make it
possible to publish the magazine, so 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 IUVA News. You will not only attract direct sales but also
enhance your image in the UV community. Send me an email at editorinchief@iuva.org, and I’ll send you the IUVA News media kit. Note
that IUVA News publishes short Application Notes highlighting novel and ground-breaking applications of a UV company’s technology.
Also, IUVA corporate members are welcome to contribute short announcements to the UV Industry News column.
Jim Bolton, IUVA News editor-in-chief
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Lessons Learned from UV System
Performance Audits for Reuse Applications
Traci Brooks,* Harold Wright, Andy Salveson and Mark Heath
Carollo Engineers, Inc., 1218 Third Avenue, Suite 1600, Seattle, WA 98101
Corresponding author: Traci Brooks (tbrooks@carollo.com)

Abstract
Many installed UV systems operate inefficiently over time,
which increases operation and maintenance (O&M) costs
and can lead to microbial permit violations. A WateReuse
Research Foundation (WRRF) project titled “UV Disinfection Knowledgebase for Reuse Applications” is evaluating
these issues. The objectives of this project were to benchmark
the performance of UV systems used in reuse applications,
develop recommendations for UV implementation for nonand direct potable reuse, and develop troubleshooting tools
that utilities can use to quantify and optimize UV system
operation. Lessons learned from conversations with operators along with data collected during the UV system performance audits provides good recommendations for better UV
implementation.
Keywords: UV Disinfection, Water Reuse, Optimization,
Audits, Lessons Learned
Introduction
Ultraviolet (UV) light is used for reuse water disinfection
across the United States and throughout the world. The
design, validation and operation of reuse UV systems often
are conducted in accordance with National Water Research
Institute (NWRI) UV Guidelines. In practice, many UV
systems operate inefficiently over time as a result of sleeve
fouling, accelerated lamp aging, and overdosing arising from
overly conservative design. This can increase operation and
maintenance (O&M) costs and can lead to microbial permit
violations. A WateReuse Research Foundation project titled
“UV Disinfection Knowledgebase for Reuse Applications” is
evaluating these issues.
The objectives of this project are to benchmark the performance of UV systems used in reuse applications, develop
recommendations for UV implementation for non- and direct
potable reuse, and develop troubleshooting tools that utilities
can use to quantify and optimize UV system operation.
Methodology
The first part of this project involved conducting UV system
performance audits at participating UV facilities across North
America. The approach for the UV audits was based on techniques developed through previous Water Research Foundation projects and successfully applied with previous reuse
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UV systems. Each audit included a review of UV system
design and performance data, a visual inspection of the UV
system, and measurements of lamp aging, sleeve fouling and
UV sensor fouling using a custom optics bench.
Measurements of the indicator microorganism UV dose
response using a collimated beam apparatus and log inactivation through the reactor were used to determine the UV
dose delivery of the reactor and any potential short-circuiting
or bypass of water.
The UV dose-monitoring algorithm programmed into the UV
system PLC, which is typically developed during validation,
was evaluated to confirm proper operation. Measurements of
the power consumption and accuracy checks of UV sensor
(when applicable) and UV transmittance (UVT) monitors
also were conducted.
The actual power consumption was measured using a Fluke
434 power quality analyzer. The readouts of the online UVT
monitors were compared to UVTs measured by a portable
RealTech monitor that was calibrated using distilled water
prior to measurements.
Results
UV audits were performed on a mix of medium pressure
(MP), low-pressure high-output (LPHO) and low-pressure
(LP) UV systems from several different vendors.
Visual inspection
An initial visual inspection of each UV system was conducted
to evaluate the physical condition of the UV system components, sleeve fouling and lamp aging, the wiper mechanisms
and the degree to which algal growth may be interfering with
system performance.
Often the visual inspection confirmed comments provided by
the operators on the issues causing difficulties with system
maintenance.
Algal growth was seen at many of the locations but did not
seem to interfere with the UV system performance. Lamp
end darkening and corrosion were seen at several locations
(Figure 1). This can occur when water gets in the sleeves
during a lamp or sleeve change and can cause lamp failures.

At a few locations there were issues with lamp and sensor
connections, as well as clearance issues, when removing
modules from the channel that were noted by the operators.
Figure 3 shows that the electrical connections to the reactors
had some open spaces that allowed for possible misalignment
when reconnecting. This led to some mechanical failures of
the plug that the vendor had to address. Figure 4 (on page
6) shows some clearance issues encountered when trying to
remove modules from the channel for maintenance. In these
systems, the outside modules could not be removed without
also removing the adjacent modules because part of the bank
frame was in the way.

Figure 1. Lamp end darkening and corrosion

One location had significant damage of wiper seals that
exposed the spring used to maintain pressure on the sleeve
(Figure 2). The operators reported that during operation, the
wiper cleaning fluid may have leaked out, causing wear of the
wiper seal and the spring breaking through. Once the wiper
seals had worn through, the exposed spring scratched the
quartz sleeve, and in some cases, the exposed spring grabbed
the quartz sleeve, pulling it out of its attachment point at the
end of the lamp module, allowing water to enter the sleeve
and causing lamp failures.

Figure 3. Loose lamp and sensor cable connections

Lamp aging and sleeve fouling
Sleeves from one to two modules were used for sleeve fouling
measurements. These measurements provided a snapshot of
the fouling taking place at each location. The sleeve fouling
factors were measured using a customized optics bench that
consisted of a low-pressure mercury lamp source contained
within an aluminum box (Figure 5), a radiometer (International Light IL 1700) to measure the light from the lamp
source, and supports to allow precise placement of a quartz
sleeve and lamp in the light path from source to radiometer.
This device allowed direct measurement of the transmittance
of UV light at 254 nm wavelength through clean and fouled
sleeves and new and aged UV lamps.
The degree of UV absorbance of the quartz sleeve and lamp
envelops has been shown in prior research to correlate with

page 6 u

Figure 2. Broken wiper seals with exposed springs

Spring 2017

5

t page 5
of the external and internal surfaces of the quartz sleeves
or solarization of the lamp quartz envelope by the mercury
contained within an operating UV lamp.

Figure 5. Custom optic bench for direct measurement of
sleeve transmittance and fouling

Table 1 gives the sleeve fouling measurements of systems
at 10 locations along with the cleaning mechanism for each
system. A typical sleeve fouling factor, such as the fouling
factor used by the 2012 NWRI guidelines, is 80 percent. Most
systems have values within an 85 to 95 percent range. The
MP systems showed the greatest overall range of fouling of
60-98 percent. This typically arises from the accelerated rates
of fouling resulting from the excessive heating of the quartz
from the high temperature MP lamps.

Figure 4. Clearance issues when removing modules

sleeve fouling and lamp aging (Heath et al., 2013). The UV
transmittance of the sleeve and lamp was calculated using:

[1]
where SFF is the sleeve fouling factor, LAF is the lamp aging
factor, I1 is the UV intensity measured through an aged lamp
or fouled sleeve and I2 is the UV intensity measured with
a new and clean sleeve or lamp. The square root function
accounts for the fact that the UV light from the optics bench
source passes the two layers of quartz in the sleeve or lamp.
A SFF or LAF of 0.80 means that 20 percent of the UV light
emitted by the lamps at 254 nm is absorbed due to fouling
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The LPHO systems generally had fouling within both the
vendor and NWRI criteria. However, there were two systems
that showed greater sleeve fouling of 61-70 percent and 5-88
percent. The LP system had negligible sleeve fouling in range
of 97-100 percent.
Table 1. Sleeve fouling measurements
Reactor
type

Sleeve fouling
range (%)

Sleeve cleaning
mechanism

MP
MP
LHPO
LHPO
LHPO
LHPO
LHPO
LHPO
LHPO
LP

60-93
75-98
88-102
61-70
89-100
94-100
97-100
5-88
84-93
97-100
80
85-95

Mechanical
Mechanical
Mechanical
Mechanical
Mechanical

Default NWRI
Vendor criteria

Mech./periodic acid bath
Mech./periodic acid bath

Automatic wipers
Mech./periodic acid bath

Acid bath
-

Lamp aging factors were measured using the same approach
used for determining sleeve fouling factors. Lamps with a
range of operating hours were used to develop the lamp aging
curves provided in Figure 6.
The lamp aging curve shown for the LPHO lamp was consistent for a variety of systems and vendors. The curve starts out
at 100 percent for new lamps followed by a steep drop in relative lamp output to around 90 percent at which point it levels
off until the end of lamp life around 12,000 hours. The MP
lamp aging curve shows a sharper decrease in the relative lamp
output in the first 5,000 hour before leveling off around 65
percent. The LP lamp aging curve shows a steady decrease in
the relative lamp output down to 70 percent after 14,000 hours.

UV dose monitoring algorithm
Most UV systems are equipped with a PLC that calculates
the UV dose delivered by the UV reactors. UV systems
can operate in automatic mode turning on and off banks of
lamps and adjusting the lamp ballast power setting so the
UV system meets a UV dose target without significant overdosing. Understanding the UV dose monitoring and control
algorithm used by the PLC is key toward understanding
the overall UV system performance. The details of the UV
dose-monitoring algorithm used by a given UV system PLC
typically are not described in the UV system documentation
provided by the manufacturer. Hence, data was collected
during the site visit to evaluate the UV dose-monitoring
algorithm. The UV system was operated with various entered
values of UVT, lamp power setting, flow rate, and lamp aging
and sleeve fouling factors, and the UV dose (RED) reported
by the system PLC was recorded.
While most of the UV systems observed for this study had
UV sensors to monitor the UV output, not all of the systems
utilized the UV sensor signal in the UV dose monitoring
algorithm. The algorithm instead assumed a lamp output
based on a lamp aging study and an assumed sleeve fouling
factor. The use of assumed lamp aging and sleeve fouling
factor as opposed to measured lamp output could lead to an
over estimated dose when lamp aging and fouling exceed
assumptions.

Figure 6. Lamp aging curves for LPHO UV systems

Power and UVT measurements
Power measurements were recorded to confirm that the UV
systems were operating at the intended power setting. Only
one location did not show the expected power consumption
and was found to only be able to operate at 68 percent power
regardless of PLC setting. After working with the operators
and UV vendor, it was determined there was a bad resistor
that prevented the system controller from operating over the
full range of power.
UVT measurements using the handheld RealTech unit showed
that several UV systems had large differences, sometimes
up to 12 percent, between readings from the online UVT
monitor and the measured UVT of the water. These differences can cause significant dose monitoring errors. If, for
example, the online UVT monitor is reading higher than the
measured UVT than the system could be underdosing, which
could lead to permit violations. If the online UVT monitor is
reading lower than the measured UVT than the system could
be overdosing, which means the systems is not operating as
efficiently as it could be.

Microbial measurements
To quantify the performance of the UV system, samples were
collected upstream and downstream of one operating bank in
the UV system. Inactivation of indicator organisms through
a single bank can be compared to the measured UV dose
response generated by collimated beam testing to demonstrate the actual UV dose delivery in the channel. This then
can be compared to the delivered dose calculated by the UV
system control algorithm.
An additional focus of this sampling was to determine if
there was any short circuiting of untreated water through the
UV system or even complete bypass of UV system. In order
to evaluate this, samples were collected at the UV system
compliance point and at a point further downstream, such as
at the flow control weir where greater mixing likely occurred.
To increase the detection limit of microbial indicators beyond
the normal 1 CFU/100 mL, larger sample volumes were
collected, up to 500 mL, to allow a detection limit of 0.2
CFU/100 mL.

page 8 u
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At most plants, indicator organism concentrations were below
detection at both the compliance point and the downstream
location. However, a few facilities showed some possible
bypass concerns either through leaks in gates or valves, or
from bypass through the channel’s drains.

It is important to use realistic lamp aging
and fouling estimates or, alternatively, use a
UV sensor-based validated dose monitoring
system that accounts for actual lamp output.

Lessons learned
Based on the data collected during the UV performance
audits, UV systems that do not utilize UV sensors to monitor
the output of UV lamps but instead rely on idealized lamp
aging and fouling assumptions, could be significantly underdosing. Therefore, it is important to use realistic lamp aging
and fouling estimates or, alternatively, use a UV sensor-based
validated dose monitoring system that accounts for actual
lamp output. Some of the issues found with the power and
UVT measurements show that more attention needs to be paid
to dose control programming during startup of the UV system,
and online UVT monitors should be routinely calibrated. It
is also important to check for open drains or leaks that could
cause untreated wastewater to bypass the UV system.

ment design issues, operators are finding solutions that work
best for their location. Some examples of modifications made
at some of the locations visited include:
• A closed building. The original design of the UV
building had only a roof, but they were having issues
with birds nesting in the roof. Walls were later added
to help keep the system cleaner.
• The UVT monitor was originally sampling from a
dead zone in the channel. It was moved to sample at
the inlet to the channel to give better readings of the
water quality.
• A spring-loaded inlet valve was added that automatically shuts down (even with a power failure) if there is
a problem with the UV system not meeting the required
dose.
• To help with maintenance, most operators would prefer
multiple channels and want easier access to ballast and
lamps.

Some of the biggest lessons learned from this study came
from the operators. When dealing with the module and equip-

If you build it,
they will come.
That’s why UV Germicidal
Solutions are critical.

Protect
Public
Spaces
from
Pathogens
with UV
Solutions
from
American
Ultraviolet.

Because new air handling units are installed
without the presence of pathogen-like bacteria,
viruses and mold, the CK Series of UV Germicidal Fixtures is designed to prevent these contaminants from ever developing.
They’re also:
• Budget-friendly
• Easy-to-install
• Ideal for new construction and retrofit projects
American Ultraviolet has manufactured 100,000+ effective UV germicidal
fixtures for commercial, healthcare and residential applications. All of
them increase efficiency, prolong equipment, and improve IAQ. Contact
us today about ways to keep unwelcome guests from spreading through
your buildings.
www.americanultraviolet.com
800.288.9288 • mstines@auvco.com
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At several locations, operators reported that the UV systems
required much more maintenance than anticipated. These
same operators reported more issues with their UV systems
and were more likely to have a negative view of UV, preferring to use chlorine instead. At the locations where operators
had positive views of UV technology, the UV systems tended
to perform better. The operators viewed the maintenance as
something that needed to be done to have a well running
system. Therefore, it is important to have clear communication about the maintenance needed to have a well running
UV system. n
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Context
This protocol has been developed to present a consistent
methodology for the determination and benchmarking of UV
lamp output from monochromatic (254 nm) lamps operated
by a corresponding power supply (ballast). The protocol can
be used for testing and comparing different lamp and ballast
combinations, to compare test results from different laboratories and to compare operation under different ambient
conditions. The protocol is not intended for general manufacturing quality control or quality assurance testing, or as a
replacement for biodosimetry for determining the dose in UV
water treatment systems. The protocol should be conducted
by someone who is a UV expert and preferably by a thirdparty independent contractor.
These tests only yield information on the UV efficiency of the
lamp being tested in the orientation in which it is tested (often
but not exclusively horizontally) under open-air conditions
where the lamp is allowed to achieve a steady-state with the
surrounding still air at room temperature. The results cannot
be extrapolated to the UV efficiency of UV lamps under other

conditions, such as inside a quartz sleeve in a UV reactor,
unless thermal operating conditions of the lamp are taken into
account under each circumstance.
Monochromatic lamps include tubular low pressure and low
pressure high output (e.g., amalgam) lamps that are typically
used in water and air treatment (e.g., disinfection, AOP etc.)
applications. The protocol described herein is not recommended for medium pressure, pulsed, folded, non symmetrical or other special lamps (e.g., excilamps – also called
excimer lamps).
Formula
Based on the work of Keitz (1971), the following formula is
recommended for calculating the total UV output from a UV
lamp with a monochromatic (e.g., 254 nm) output. The lamp
output power P can be calculated from Equation 1 (the Keitz
formula)*:
[1]
where (see Figure 1)
E is measured irradiance (W m-2)
D is distance (m) from lamp center to the UV sensor.
L is the lamp arc length (m) from electrode tip to
electrode tip.
α is the half angle (radians) subtended by the lamp at
the sensor position. That is, tan α = L/(2D)
This expression has been tested by comparing with goniometric measurements of lamp output, and by comparing
results from laboratories in different countries (Sasges et al.
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Figure 1. Geometry of the measurement system.
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2007). The results are considered accurate within 5 percent
and have shown good agreement between laboratories.
Necessary conditions
1. Measurements shall be conducted in still room air, not
in a moving air stream.
2. The lamp orientation shall be horizontal.
3. Reflected light must be avoided (e.g. through use of
baffles, differential measurement with beam stops).
Appendix A examines two possible methods that can
account for or minimize reflection.
4. The UV sensor must have an adequate cosine response
for the lamp length and distance used. Cosine response
means that the UV meter should have an output that
is proportional to the cosine of the angle of the input
beam to the normal to the UV meter surface.
5. In order to assure that the UV meter can “see” the
entire arc length of the UV lamp, D should be at least
twice L.1
Temperature conditions
Low-pressure and amalgam lamps are affected by their operating temperature, which is in turn affected by their surroundings, air temperature, etc. These lamps generally will exhibit
increasing UV output with increasing temperature after ignition until an optimum temperature is reached, and then a
decreasing output with further increases in lamp temperature.
This behavior is shown in Figure 2, denoted as a “slightly
overheated lamp.” It is desirable to measure a lamp under
these slightly overheated conditions, so that the maximum
output can be measured. Lamps shall be measured at a stable
and constant air temperature. The entire warm-up curve of
irradiance vs. time shall be reported including the maximum
peak. Room temperature shall be documented and included
in the report.
Measurements
The lamp output reported shall be measured after a new-lamp
100 h burn-in period. The lamp output reported shall be based
on lamps operating under air conditions, in which the lamp
has reached a maximum output and then decreases to steady
# A draft of this protocol was originally published in 2008.
* A glossary of terms is provided in Appendix A.
1

For the condition where D = 2L, the field of view is ±14° (28° full view).
The recommended cosine response should be an f2 factor (according
to CIE publication 69 or DIN 5032) of 1.5 percent or less for class A
rating, within this field of view. The cosine response will be verified in
the Validation of Cosine Response section of this protocol.
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state, indicating that the lamp has passed through an optimum
into an overheated condition. This will generate a UV irradiance curve as a function of time, which will illustrate the
maximum and steady state output values.

Figure 2. Lamp output vs. time after ignition for a slightly
overheated lamp and for a lamp that does not reach its
optimum temperature.

Lamp and ballast efficiency
Lamp output power is generally compared with the electrical
(line) power consumed in order to calculate the efficiency of
the lamp/ballast system, or compared to the electrical power
delivered to the lamp to calculate the efficiency of the lamp.
It is necessary that either electrical power be measured accurately, so the efficiency may be accurately determined. This
electrical power measurement must be done using calibrated
instruments for power measurement, using equipment such
as power analyzers with adequate frequency response. In
particular, it is not sufficient to measure the ballast voltage
and current to obtain the lamp power by multiplication.
Calibrations
The following traceability of calibration, standard method
must be confirmed, showing calibration within one year:
1. Radiometer with a detector traceable to a national
laboratory (e.g. NIST, PTB, NPL, NRC etc.). The
calibration for the UV radiometer used must be valid
and traceable for calibration in the UVC range, and
it must include a wavelength of 254 nm. If a spectroradiometer is used, then only the output between 250
and 260 nm shall be included in the calculated output.
2. The radiometer or spectroradiometer calibration to be validated by a qualified third party and/or accredited facility.
3. Confirmation for calibration of the power analyzer.
Detailed method
General remarks
1. Avoid reflected light during the measurement of the
UV light.

a. Use non-reflecting materials, such as flat black
paint, for walls, floor, baffles.
b. Be aware that the UV reflectance may be different
from reflectance in the visible range.
c. Test: to check the amount of reflected light, compare
the sensor signal to that measured when direct irradiation is blocked out, where a suggested procedure is described in Appendix B, part 1. Report the
corrected result.
d. If reflection reduction is desired, a suggested
method is described in Appendix B, part 2.
Safety
1. Do not expose uncovered skin or eyes to UV radiation.
2. Use adequate protective equipment, such as a UV
safety shield, gloves and UV goggles. Not all plastic
or glass safety glasses block UV below 300 nm. The
transmission characteristics of safety glasses should
be checked prior to use.
Equipment
1. Adjust the lamp and detector at a suitable height (e.g.,
0.5 to 1.0 m) over the ground.
2. Check validity of calibration for all devices that influence results:
a. radiometer
b. spectroradiometer
c. electrical equipment (power analyzer, multimeter)
d. thermometer
e. Make sure the electrical power measurement equipment is appropriate for the desired measurement.
3. Warm up all devices.
Validation of cosine response
1. The cosine correction for radiometers and spectroradiometers is critical to the proper measurement of
the UV irradiance. The cosine correction must be
confirmed by the following method for each lamp and
detector combination, so that the lamp measurements
are consistent within and between laboratories.
2. Validation of cosine response and the resulting
minimum distance Dmin where measurements for
a given combination of lamp and detector can be
performed as follows:
a. Take readings of the UVC Detector for different
distances (detector position perpendicular to lamp
axis), recommended range from D = L/2 to 4 L.
b. Take several readings of the UVC irradiance. For
example, moving the detector from the closest
point to the most remote point and then back again.

c. Average the irradiance readings for each distance.
d. Calculate the UVC power from the measured irradiances using Equation 1 (the Keitz formula) for
each distance.
e. Plot calculated UVC power versus distance.
f. At a certain distance (Dmin) the UV output should
become independent of distance. Generally one
finds that Dmin > 2L.
g. Measure at least at one distance greater than Dmin.
3. The distance derived by this method is valid for the
combination of this lamp length and this individual
detector.
Measurement procedure
(instructions to the person supervising the tests)
1. Record or monitor ambient temperature (±1 °C tolerance). The measurement thermometer should be
near the test apparatus but not in a region where the
temperature would be affected by heat from the lamp.
2. Determine that the distances for radiometer readings
are valid.
3. Start recording the readings (UVC irradiance, electrical measurements, etc.) after the lamp is turned on.
4. Sampling rate: should be matched to the rate of
changing of the UV intensity readings.
5. Rate of ~1 reading every 10 s is often sufficient to
mark the maximum.
6. Record the ambient temperature again after the lamp
has been turned off.
7. Calculate peak and steady state UV power using the
Keitz formula. The peak UV power value is the value
where the influence of temperature is reduced to a
minimum and which can be compared to results of
other laboratories.
8. Calculate the lamp efficiency either based on lamp
power (Equation 2a; top) or power from the wall
(Equation 2b; bottom) (optional) as:

Report content
Measurement report to include:
1. Description and certification of the organization and
persons supervising the tests.
2. Full and detailed information about the lamp (e.g.,
manufacturer, identification etc.).
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3. Full and detailed information about the ballast (e.g.,
manufacturer, identification etc.).
4. Lamp orientation during testing (horizontal required).
5. Active arc length L (between the ends of the filaments
for “linear” lamps).
6. Measurement of the distance D from lamp center
(with tolerance) to the “calibration plane” of the radiometer detector.
7. Room temperature (°C).
8. Sensor and radiometer brand, model number and serial
numbers for the radiometer, detector and any filters or
other optical elements (e.g., diffuser) on the detector.
9. Valid, traceable radiometer or spectroradiometer calibration documentation.
10. Plot of irradiance vs. time after ignition, with an indication of the peak irradiance values and the point on the
curve where the efficiency calculations were made.
11. Calculated peak UV power with uncertainty, and fraction of reflected light subtracted to arrive at power
reading. The uncertainty should include equipment
uncertainty. The method to determine the reflected

light should be stated.
12. Electrical power meter (e.g., brand, model number and serial
numbers for the power meter). Confirmation of calibration
or calibration certificate for the electrical power meter.
13. Measured voltage and current into the ballast.
14. Measured electrical power across the lamp and “from
the wall” with uncertainty.
15. Calculated lamp efficiency (%) both with respect to
the electrical power consumed by the lamp and the
“from-the-wall” (optional) electrical power.
References

Keitz. H.A.E. 1971. Light Calculations and Measurements, Macmillan and
Co. Ltd., London, UK.
Sasges, M.R., van der Pol, A., Voronov, A. and Robinson, J.A. 2007. Standard Method for Quantifying the Output of UV lamps, Proc. International Congress on Ozone and Ultraviolet Technologies, Los Angeles,
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Appendix A: Glossary of Terms
D – distance (m) from the center of the UV lamp to the calibration plane of the UV meter.
E – irradiance defined as the radiant power P of all wavelengths incident from all upward directions on a small element

of surface containing the point under consideration divided
by the area of the element. The units mW cm-2 are commonly
used; 1 mW cm-2 = 10 W m-2.
L – arc length (m) of the UV lamp

Appendix B: Two Suggested Methods to Minimize
the Effects of Reflected UV
1. Detector mask method of reflection measurement
In this method, a black cardboard or wooden mask is placed at a
distance about D/2 from the lamp, where the size and the positioning of the mask casts a complete shadow over the detector.
The mask should be of a size that completely blocks the direct
rays from the lamp, but not much larger (e.g., a width about
110 percent of the lamp length). See Figure 3 for a possible
setup where the rectangular removable mask is used only when
measuring the reflected UV. In this case the irradiance reading
Erefl from the detector represents only UV reflected from the
floor, ceiling and walls. Erefl should be subtracted from the
overall irradiance reading and should represent less than 1-2
percent of the total irradiance at the detector.

A rectangular hole 3 cm longer than the arc length and 2 cm
wider than the width of the lamp should be cut in the divider,
so that the UV sensor can “see” the entire arc length of the
lamp through the hole. See Figure 4 for a possible setup.

Figure 4. Diagram of a possible setup for the two-chamber
method that minimizes reflected UV

Figure 3. Diagram of a possible setup for the mask method
that allows measurement of reflected UV

2. Two-chamber method of reflection measurement
UV can reach the UV sensor by reflection from walls, the floor
and the ceiling. This reflected UV must be avoided or subtracted
from the detector signal in order to get proper irradiance values.
A two-sector approach can be used for this purpose.
In this method, the test chamber is divided into two light-tight
sectors, with the divider between the two sectors at least 35 cm
from the center of the UV lamp. The lamp and detector should
be mounted at least 25 cm (preferably about 1 m) from the
floor and preferably about 1 m from the wall behind the lamp.

Irradiance measurement procedure that
minimizes the effect of reflection
When the two-chamber approach is used, the procedure is
the same as that described in the main body of this protocol.
In addition, a measurement should be made with the hole
between the two chambers covered with black cardboard.
The radiometer signal in that case should be virtually zero.

Wisdom in UV

www.bersonuv.com
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Appendix C: Example UV Lamp Testing Report
Third-Party Report on UV Lamp Testing
of 250 W UV Lamps in Air
by
Principal Tester
Consulting Company Name
Address
Telephone numbers
Email: _____________
for
UV Lamp Company Name
Attention: Contact Person
Address
Telephone numbers
Email: ______________________

ciencies were measured as a function of the distance
from the lamp, and a distance of 4.0 m was chosen,
since efficiencies were found to be independent of
this distance between 3 and 6 m from the center of
the lamp. A two-chamber method was used to greatly
reduce the reflected UV, which was measured and
subtracted from the irradiance measurements.
• All lamps were mounted in air, horizontally, in a lowreflectance chamber (see Figures C1 and C2).

Date ______________
Date of the tests: ________________
Products tested: (description of UV lamps tested)
Objectives: To obtain performance data for the tested lamps,
and specifically to determine:
• the UVC irradiance at 4.0 m
• the electrical operating parameters
• the UVC efficiency of the lamps using the IUVA Lamp
Testing Protocol

Figure C1. Diagram of the setup for lamp efficiency tests

Measurement equipment
Lamp ballast: manufacturer, model number and serial
number
UVC radiometer: manufacturer, model number and
serial number, date of calibration and attach a copy of
the calibration certificate
Power analyzer: manufacturer, model number and
serial number, date of calibration and attach a copy of
the calibration certificate
Measurement protocols
• All UV lamps tested were “burned in” for a period of
at least 100 h – see attached letter.
• The measurement protocols and calculations followed
as far as possible the method proposed by the International Ultraviolet Association (IUVA).3 The effi3

Lawal, O., Dussert, B., Howarth, C, Platzer, K., Sasges, M., Muller,
J., Whitby, E., Stowe, R., Adam, V., Witham, D., Engel, S., Posy, P.,
van de Pol, A., “Proposed Method for Measurement of the Output of
Monochromatic (254 nm) Low Pressure UV Lamps,” IUVA News, v.10,
n.1, pp 14-16 (2008).
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Figure C2. Test chamber for the UV lamp efficiency tests

• The UVC detector was placed on a tripod mount at 4.0
m on a line out from the center of the lamp to the calibration plane of the detector and at the same height as
that of the UV lamp (see Figure C3).
• A black-painted slotted divider was fabricated, which
completely separated the lamp chamber from the
detector chamber (see Figures C3 and C4). The divider
had a rectangular hole 160 cm by 5.0 cm centered in
the divider. This divider was mounted at a distance of
35 cm from the UV lamp and positioned so that the

entire UV lamp could be “seen” through the hole in
the divider at the detector position.
• Periodically black-painted pieces were placed over
the slot in the divider to block any direct rays from
the lamp reaching the detector. The meter readings
from this test (which indicated reflected UV from the
walls that reached the detector) were subtracted from
all meter readings. In fact, the reflected UV was undetectable when the slot was so covered.
The room temperature during the tests was 28°C.

Figure C3. Detector chamber of the lamp testing setup

Notes
• Measurement results are valid only for the individual
setup and the tested lamps. Test results may vary
based on different environmental conditions, such as
in a water-filled reactor.
• All measurements were made at the time of the peak
lamp output (peak irradiance). The reason is that UV
lamps overheat in air, and consequently the efficiency
can drop significantly. Since these UV lamps are
designed to work inside a quartz sleeve with water
flowing outside the sleeve, the lamp temperature
would be controlled, so the peak efficiency is the
appropriate calculation. In fact, for the lamps tested,
the lamp efficiency was virtually independent of time
after the time of peak irradiance.
Test results
Growth curve
Figure C5 shows the growth curve for one of the 250 W UV
lamps. The lamp reached a “steady-state” at about 10 min and
had a peak output at 92 s.
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Figure C5. Growth curve for one of the tested 250 W UV
lamps
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Figure C4. Lamp chamber of the lamp testing setup
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Lamp efficiency vs. distance results
The radiometer detector was placed a various distance from
the UV lamp. Table C1 shows the results.
Table C1. UV power calculated from the Keitz formula at
various distances from the UV lamp
Distance from
detector to lamp / m

Net irradiance /
W m-2

Calculated UVC
Power / W

2.00
3.00
4.00
5.00
6.00

2.280
1.190
0.690
0.442
0.307

97.7
109.8
111.3
111.3
111.2

It is clear that the calculated UVC power is independent of
distance for distance greater than 4 m. Thus this distance was
chosen as the distance for the testing.
Lamp efficiency results
Table C2 gives the test results for the 10 lamps tested.
Table C2. Raw data for the UV lamps tested in the air

Current

True
powera

Net
irradiancea,b
at 4.0 m

Total
UVC
powera,c

UVC
efficiency
across lampe

a. All measurements were made at the time of peak irradiance.
b. After subtracting the irradiance with a cardboard mask
to block the direct UV light from the lamp, the radiometer readings were multiplied by the calibration
factor 1.209.
c. Calculated using the Keitz formula:
,
where
E is the net measured irradiance (W m-2) at 254 nm
L is lamp length (1.465m) from electrode tip to electrode tip
D is distance (m) from lamp center to the sensor (here
D = 4.00 m)
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α is the half angle (radians) subtended by the lamp at
the sensor position. That is, tan α = L/(2D)
d. The relative uncertainty is calculated as twice the standard deviation of the mean (95 percent confidence level).
e. The ratio of the power from the wall to the power across
the lamp was found to be 0.927; hence, the average
efficiency with respect to power from the wall is (33.4
± 0.4) percent.
Note that the Keitz calculations were carried out for a
distance 4.00 m from the lamp. Measurements were made
at other distances (see Table C1), and it was established that
when the radiometer detector is placed at 4.00 m from the UV
lamp, it “sees” virtually the entire lamp with a cos θ response,
and hence the lamp efficiencies, as calculated from the Keitz
formula, are considered accurate at this distance.
Comments
1. Dr. _______ supervised and witnessed all lamp tests.
2. The efficiencies reported here are for lamps operated
in open air. The efficiencies inside a quartz sleeve
inside a UV reactor with water flowing outside the
quartz sleeve will likely be different because of a
different thermal environment around the lamp.
3. The lamps for testing were from among the stock of
this lamp type and were selected at random by Dr.
_______ from a set of 25 serial numbers. The selected
lamps were then “burned-in” for 100 h.
Absolute uncertainty
The uncertainties given in Table C2 assess the relative uncertainty of the results. The principal source of the absolute uncertainty arises from the uncertainty of the radiometer calibration.
The radiometer manufacturer states that this uncertainty is 5
percent. Thus, including the relative uncertainty, the absolute
uncertainty is about 6 percent. Since the reflected light was
undetectable when the port between the two chambers was
blocked, reflected light does not contribute to the uncertainty.
Conclusions
The average lamp efficiency relative to power across the lamp
was (36.0 ± 0.4) percent. The lamp efficiency with respect to
power from the wall was (33.4 ± 0.4) percent.
The average peak UVC power emitted by the lamps was
109.3 W for an average electrical power input of 303.6 W
(the electrical power at steady state was 276.7 W).
The average irradiance at 1.0 m from the lamps is estimated
to be 8.27 W m-2 or 0.827 mW cm-2.
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UV FAQ
Editor’s Note: From time to time, I receive questions that
come in from the IUVA website. The following are some of
the more interesting questions and answers.
Question: How does the ultraviolet light transmit through a
quartz sleeve? And do you have any suggestion to replace a
quartz sleeve with another material that is similar to a quartz
sleeve?
Answer: At 254 nm, the wavelength emitted by many ultraviolet (UV) lamps, the transmittance of quartz in a UV reactor
is about 95%. The only other material that has been used as a
replacement for a quartz sleeve is a tube made out of polytetrafluoroethylene (Teflon), which has a transmittance at 254
nm of about 60%.
Question: I have read that “Strictly, the term quantum yield
applies only for monochromatic excitation.” I 100% agree
with this sentence. But I saw in some papers where they
mentioned determination of quantum yields for polychromatic
light. Please let me know if these quantum yields are correct?
Answer: It is true that the quantum yield is only properly
defined for a specific wavelength. The reason is that the
quantum yield may vary with wavelength. However, fortunately, in the vast majority of cases, the quantum yield is independent of wavelength. The reasons are as follows:
1. For any photochemical reaction, there exists a
maximum wavelength above which no photochemistry can occur. This threshold wavelength is related to
the energy of the first excited state of the chromophore.
2. If the photochemical system is exposed to wavelengths
less than the threshold wavelength, the chromophore
is exited to higher and higher levels of the first, second,
etc. excited states.
3. These higher excited levels decay very rapidly (in
femtoseconds) to the lowest excited state from which
photochemistry occurs – this is why the quantum
yield would not be wavelength-dependent above the
threshold wavelength.
An example of a case where the quantum yield does depend
on the wavelength is the ferrioxalate photochemistry. In that
case, the quantum yield is constant at 1.25 for wavelengths
above 260 nm but rises to 1.48 below 240 nm (Goldstein and
Rabani, 2008). The reason is probably that the second excited
state has a long enough lifetime that photochemistry can
occur from that state. (Reference: Goldstein, S; and Rabani, J.
2008. The ferrioxalate and iodide–iodate actinometers in the
UV region, J. Photochem. Photobiol. A: Chem., 193: 50-55.)
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Question: We are using UV for milk purification. What is
the meaning of 100 hours of UV life? And, after 100 hours,
are the germicidal properties of UV light affected greatly?
Some literature says that turning off/on the UV lamp more
than once in eight hours affects its lifetime. Please suggest the
factors that affect the lamp life at 254 nm.
Answer: Low-pressure UV lamps have lifetimes of about
8,000 to 12,000 hours, while medium-pressure UV lamps
have lifetimes of about 6,000 to 8,000 hours.
Factors that can reduce the lifetime of UV lamps include
turning on and off frequently, and operating at or above the
rated power.
Question: I’m running an experiment with UV-disinfection.
Of course you need quartz sleeves to have a high transmittance,
but my question is: How much of the UV light will go through
the quartz sleeve and also through other materials (glass, etc.)?
Answer: Since you are interested in UV disinfection, I
assume you are using a low-pressure UV lamp that emits at
254 nm.
The transmittance of most grades of quartz is very high at
254 nm, and it is limited only by the reflection properties.

In open air where the interfaces are air/quartz/air, each air/
quartz interface reflects about 4% of the UV, so the transmittance is about 92%. When a quartz sleeve is mounted in a UV
reactor containing water, the interfaces are air/quartz/water.
The quartz/water interface reflects very little UV, so the transmittance of UV into the water through the quartz sleeve is
about 95%.
All forms of glass (e.g., window glass) block UV at 254 nm.
The only other common material that transmits 254 nm UV
is Teflon (polytetrafluoroethylene), where the transmittance
is about 75%.
Question: I quite often use a combination of hydrogen
peroxide and tetraacetyl ethylenediamine (as the catalyst)
to whiten plastic – which effectively means removing the
bromine from the plastic surface. It’s a simple job in the
summer – place the mix outside and the sun does the hard
work. A few hours later, and the yellowing/browning is gone.
In the winter it doesn’t work so well in the UK. It starts to go
dark at 3:30 p.m., and I have to use artificial light. I’ve never
been able to find an effective UVA/UVB light to take over for
the sun. What wavelength should I be looking for to move the
bromine and to activate the HP?
Answer: It is probably the ultraviolet part of sunlight that is
activating your photochemical process. Thus, I suggest you
purchase a “black light” bulb, such as the ones that were used
in discos to stimulate fluorescence in clothes. These should
be available at most lighting shops. Black lights are available
with several different emission wavelengths (such as 310 nm,
340 nm, 350 nm and 370 nm). I suggest you try to get one
with a 310 nm emission wavelength. Make sure you purchase
a bulb with a high optical power at the surface so your photochemical process will not take too long.
Question: We have installed UV glass tube lights in our food
production area. We need to prevent or take preventive action
to avoid glass breakage (because of food safety issues), so we
need to cover these UV tube lights. This means when we use
these lights during production to avoid microbial contamination, the UV light passes through the protected cover.
Answer: Unfortunately, almost any material that you use to
cover the UV lamps will totally absorb the UV rays making
your UV system useless. The only material that would be
effective would be a thin sheet of Teflon (polytetrafluoroethylene, which transmits about 75% of the UV rays.
Question: Do you have any idea about the maintenance

behavior over the life of LP UV amalgam lamps made from
open quartz (with pre-coat) to emit 185 nm radiation? None
of the lamp producers publish the data. Also the measurement
of the 185 nm lamp output is not standardized.
Answer: I do know that the 185 nm UV create “color centers”
in the quartz that eventually block the 185 nm UV. However, I
do not know at what rate these color centers are formed.
I agree that the measurement of 185 nm UV is difficult. Perhaps
some of the UV sensor manufacturers (International Light, sglux
Solgel Technologies, UV-technik Speziallampen, etc.) might be
developing sensors for the 185 nm region. The methanol actinometer has been used to measure the 185 nm output.
Question: I would like to know how to use the UV lamp for
UVB irradiation of mammalian cells monolayer in culture.
The lamp I am using is manufactured by UVP, Upland, California. The catalog number is 95-0341-01. It has three bulbs/
tubes inside that has one each of different wavelengths:
Longwave, which is UVA is 315-400 nm and peaks
at 365 nm. The intensity of that wavelength is 1147
microwatts per square centimeter at a 2 inch distance.
Midrange, which is UVB is 280-315 nm and peaks at
302 nm. The intensity of that wavelength is 778 microwatts per square centimeter at a 2 inch distance.
Shortwave, which is UVC is 200-280 nm and peaks
at 254 nm. The intensity of that wavelength is 1,070
microwatts per square centimeter at a 2 inch distance.
I would like to irradiate cell monolayer with a midrange UVB
dose of 50 J/m2. Is it possible to know for how long and at
what distance I need to apply the UVB lamp in order to get
that specific UVB dose?
I also assume I need to irradiate cells in phosphate buffered
saline with no plastic cover. Is that right?
Answer: Since you are interested only in the UVB emission,
I will focus on that. If the UVB irradiance is 778 microwatts/
cm2 or 0.778 milliwatts/cm2, the time required to achieve a
UV dose of 50 J/m2 = 5 mJ/cm2 is 5 / 0.778 = 6.4 seconds at a
distance of 2 inches (5.08 cm). If you want to know the irradiance at other distances, you would have to use a radiometer
sensitive to the UVB wavelengths.
Another option would be to use the ferrioxalate actinometer.
If you wish to use this option, let me know and I’ll send you
the protocol. n
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Register now for the

2017 World Congress
Sept. 17-20

n

Dubrovnik, Croatia

Valamar Lacroma Dubrovnik
The focus of this conference is to present recent advancements in technology and
research addressing the environmental, health and treatment process challenges of
today, as well as to discuss current trends in UV regulations and new applications.

Learn more at iuva.org/2017WorldCongress.

UV Industry News

AquiSense Technologies, International Light Technologies to Collaborate – AquiSense Technologies is
pleased to announce that it has entered into a technology
collaboration agreement with International Light Technologies (ILT) whereby ILT sensors will be offered in combination with the AquiSense PearlBeam™, a bench-scale UV
device for research applications.
New advancements in UV-C LEDs has led the way to the
creation of collimated beam devices whereby researchers
now can select multiple discrete UV-C wavelengths, which
allows them greater precision in their research to better
understand how microorganisms respond to UV light applications. In unison, as the precision of the wavelength emission increases, more advanced sensors are required to track
emission data. ILT provides the needed sensor technology
with a handheld light meter.
“AquiSense recognized that an entirely new tool was required
to advance UV science to take advantage of the many benefits of UV-C LEDs” said Jim Cosman, business development
director of AquiSense Technologies. “The PearlBeam was
the first step in this process, and now the incorporation of
International Light Technologies advanced sensors into this
product offering is the next step in our quest to rapidly convert
many disinfection applications from mercury containing UV
lamps to more environmental sound UV-C LEDs.”
UV Sensors from sglux Certified for Pool Disinfection Systems in Accordance with NSF/ANSI 50 –
sglux GmbH and Boston Electronics announce sglux’ new
generation of certified UV sensors for measuring the UV
irradiance in UV disinfection systems for recreational water
facilities in accordance with NSF/ANSI 50. To achieve NSF/
ANSI 50 compliance, manufacturers of UV pool disinfection
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systems need a certified UV sensor to measure and control
the UVC irradiance. sglux sensors have achieved the Austrian
ÖNORM 5873 certification and are designed per the German
DVGW W-294 standard. Both protocols fulfill the requirements as specified by NSF/ANSI 50.
To allow an easy integration in existing process control units,
sensors can be configured with different output signals such
as analog current (4-20 mA), voltage (0-5 V) signals or a
digital signal (21 bit). Sensors are calibrated applying the
microbicidal action spectrum. This calibration is traceable to
the National Metrology Institute of Germany PTB.
In addition, sglux offers a variety of different UV sensor
products for applications, such as UV cleaning systems for
drinking fountains, private pools, waste air and air conditioners. All sglux UV-sensors utilize silicon-carbide (SiC)
based photodiodes. SiC provides the unique property of
extreme radiation hardness, long lifetime and reliability.
sglux is the premier developer and supplier of high performance, reliable SiC UV sensors, spectrometers, reference
radiometer and PTB-certified calibration standards. Located
in Berlin, Germany, sglux is ISO 9001 certified.
Boston Electronics provides electro-optical solutions
including photodetectors, LEDs, tunable lasers, imaging
arrays and photon counting detection, spanning the spectrum
from ultraviolet to infrared. Boston Electronics distributes
products from premier manufacturers worldwide. n
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AquiSense Technologies
Atlantium Technologies Ltd.
Australian Ultra Violet Services
(Operations) Pty Ltd.
Boston Electronics
Dowa International Corporation
E. Vila Projects & Supplies, SL
Foshan Comwin Light &
Electricity Co., Ltd.
Funatech Co., Ltd.
GAP EnviroMicrobial Services Ltd.
GHD Consulting Services, Inc.
Gigahertz-Optik Inc.
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Glasco UV LLC
HaiNing YaGuang Lighting
Electrical Co. Ltd.
JenAct Ltd.
Light Progress
NEDAP Light Controls
NPO-ENT
OFI Technologie & Innovation
Opsytec Dr. Gröbel GmbH
PWN
SA Water
S.I.T.A. SRL
SterilAir AG
ULTRAAQUA
Ultra Violet Products (AUST) Pty. Ltd.
UV Dynamics
UV Guard
VGE International B.V.
Wonder Light Industry, Machinery,
Electronic Products
(Zheng Shan) Co. Ltd.
Very small organization
Bolton Photosciences Inc.
Fresh Appeal USA, Inc.
UV Resources

Neotec USA Ltd.
LA Office Tel : +1310-324-1561
Korea Office - Tel. : +82 2-865-7733

Email : neotecuv@neotecuv.net
Email : neotecuv@neotecuv.com

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

