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A Message
from the IUVA President
It’s hard to believe that summer is already here. With my own family spending lots of time swimming in our lakes
and playing on the beaches this summer, I think about the fact that we can go to these water bodies and not be afraid
of becoming ill because of microbial contamination. This is because we have a rigorous public health policy in place
Kati Bell
in the US that requires us to monitor our waters, and provide treatment of discharges into those waters. Certainly,
UV disinfection has been a key to successful implementation of that policy, with about one third of POTWs implementing this practice
to safeguard public health because of the cost-effectiveness to provide disinfection without generation of harmful chemical disinfection
by-products.
As required by the BEACH Act amendments to the Clean Water Act, Section 304(a)(9)(B), the US Environmental Protection Agency
(EPA) has initiated a 5-year review of its recreational water quality criteria (RWQC). The EPA will consider many factors, including the
availability and evaluation of new science, the underlying science used to develop the 2012 RWQC, additional implementation support
needs and perceived barriers to state adoption of the criteria. The goal will be to inform the assessment of the need to revise the 2012
RWQC based on the overall review findings, internal EPA evaluation of the science, input from the greater beach water quality community and feedback from stakeholders. The report will inform subsequent consideration of whether any revisions to the 2012 RWQC are
necessary and appropriate, based on the review’s findings. Information will be linked to the IUVA website as it becomes available.
As we watch regulatory policy form and change, it is important that IUVA is engaged in a range of activities related to providing opportunities for development and review of technical materials and UV education. For example, thanks to our EMEA co-chairs, in conjunction with CIWEM, the IUVA workshop had a full house at the May 4, 2017, event in the UK. The drinking water workshop included an
agenda that covered drinking water UV validation and attracted over 50 participants.
We are well into organizing the World Congress and have received a healthy list of abstracts that the program committee is organizing
along with a two-part workshop that covers UV 101 in the morning and advanced applications in the afternoon. Thank you to Dr. Regina Sommer and all the other program committees for leading this effort.
In addition to the World Congress, IUVA is planning for a workshop in Singapore on Nov. 6, 2017. The Americas Conference will be
held in Redondo Beach, California, in February 2018. 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.
I’ll look forward to seeing everyone in Croatia in September where we look forward to a strong technical program at a beautiful location!
Kati Bell, IUVA president
Water Reuse Practice Leader at MWH Global

A Message
from the Editor-In-Chief
This IUVA News issue features three articles, a review of action spectra, a calibration method for UV radiometers
and an interesting article on the application of UV to disinfect fruits and vegetables.
Jim Bolton

I am pleased to welcome Jim Malley as the associate editor of IUVA News. Initially, he will be helping me to solicit
articles for IUVA News. I am also pleased to welcome Ezra Cates as an IUVA News editorial board member.

IUVA News is your quarterly ultraviolet magazine, so please take some time to read it through, and don’t forget the ads. The ads make
it possible to publish IUVA News, so please support our advertisers by clicking through to their websites or contacting them for further
information. If you are a marketing manager in a UV company, I encourage you to advertise in IUVA News. You will not only attract
direct sales but also enhance your image in the UV community. Send me an email at editorinchief@iuva.org, and I’ll send you the IUVA
News Media Kit. Also note that IUVA News publishes short Application Notes highlighting novel and ground-breaking applications of
a UV company’s technology. 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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Novel Use of UV-C: Sanitation of Fresh
and Fresh-Cut Produce
Stephen T. Lacasse1 and Deirdre M. Holcroft2

1. Fresh Appeal USA Inc., Goshen, NY 10924, USA
2. Holcroft Postharvest Consulting, 32700 Lectoure, France
Corresponding author: steve@freshappeal.com

Abstract
A UV-C system with a column of water passing through a
circle of UV-C lights, called the UV Turbulator, has provided
a practical means of using UV for sanitation in the fresh and
fresh-cut produce industry. Studies on several different fruits
and vegetables demonstrated the efficacy of UV-C in reducing
microbial counts on the produce item itself. In commercial
processing conditions, UV-C reduced the aerobic plate counts
(APC) by 1.0 log cfu/g and coliforms by 1.4 log cfu/g on apple
slices. Yeast counts were reduced by UV-C and remained
lower throughout the 15-day shelf life. Increasing the UV-C
fluence did not further reduce the log count of inoculated
Enterobacteriaceae on apple slices and lettuce pieces. Using
UV-C as a step in a multi-hurdle sanitation approach resulted
in a greater log reduction in Enterobacteriaceae on lettuce
pieces than a chemical sanitizer alone. Higher temperatures
as the final step in the hurdle system were more effective
in reducing APC and yeast growth during storage of pomegranate arils.
Keywords: fresh produce, fresh-cut, wash water, apple
slices, pomegranate arils, lettuce, APC, yeast and molds,
Citrobacter freundii.
Introduction
Sanitation of wash water is an important step in fresh and
fresh-cut produce processing; however, despite marketing
claims to the contrary, this does not result in a log 5 reduction of pathogens on the fresh produce itself. The aim of wash
water sanitation is to prevent cross-contamination of produce
during processing by sanitizing the wash water. The Center
for Produce Safety key learnings states that “even properly
managed wash systems do not sanitize the surface of fruits
and vegetables.” (Anon., 2014) This is clearly demonstrated
by the data in Gonzalez et al. (2004).
Ultraviolet light has been shown to inactivate a wide range
of microorganisms, including bacteria, fungi, viruses and
parasites, and has been evaluated on fresh produce. In
addition to reducing foodborne pathogens, UV-C also can
reduce spoilage microorganisms and other plant pathogens
and thereby extend shelf life of fresh and fresh-cut produce
(Gómez-López, 2012). UV technology has been approved
by the US Food and Drug Administration (21CFR179.39;
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Anon., 2016) for surface microorganism control in food
and is not prohibited by the National Organic Program
(7CFR205.105; Anon., 2017). In the European Union, there
is no unified legislation about the use of UV-C light in foods
(Gómez-López, 2012).
Despite the benefits of UV, the adoption of this sanitation
method by the produce industry has been slow because of
practical limitations. Typically dry systems with overhead
lamps have been used, and exposure times have been several
minutes to hours. Produce was damaged by high temperatures and water loss, and it required manual or mechanical
turning of the produce item to improve surface exposure. The
efficacy of UV-C depends on the fluence or UV dose which is
difficult to determine accurately (Bolton and Linden, 2003),
and published fluences have lacked a clear explanation of
their measurement.
Fresh Appeal introduced a patented wash water system, the
UV Turbulator, to wash whole or cut fruit and vegetables in
a column with a spinning vortex of water, which has overcome these limitations. A ring of UV-C (254 nm) lamps is
positioned around the column to optimize surface exposure
(Figure 1). The water recirculates through the system, and
UV-C transmittance is managed by replenishing water when
the transmittance reaches a predetermined lower limit. The
Turbulator usually is used in conjunction with other sanitizers, usually as a prewash, which helps remove much of the
dirt and cell contents in the water so the transmittance of the
water in the Turbulator remains higher and the need for water
replenishment is reduced.
The prewash sanitizers, which include hypochlorite,
chlorine dioxide or peroxyacetic acid (PAA), are used at
rates allowed by the FDA for washing of fresh produce
(21CFR173.315) (Anon., 2016). Of these, PAA is the
preferred sanitizer because of the synergy between PAA and
UV-C (Waites et al., 1988). This combination of sanitation
methods, or hurdles, is an improvement on current commercial processing methods.
The initial validation of the UV Turbulator on microorganisms was conducted on ‘Braeburn’ apple slices, which were
inoculated with a known load of Lactobacillus bacteria. The

Figure 1. From left, a diagram of Fresh Appeal’s UV Turbulator within a processing line and the Turbulator with apple slices.

application of the UV Turbulator achieved about a 2 log
reduction (Woolf, 2007). Since its commercial introduction in 2008, there has been positive feedback on the effect
of the UV Turbulator against microorganisms, but this data
has been proprietary and confidential. This paper presents
research conducted during the last three years to quantify
the effect of the UV Turbulator, alone or in conjunction with
the other hurdles, on naturally occurring and/or inoculated
bacteria under research and commercial settings. The proprietary information on the technical specifications of the UV
Turbulator and the fluences used are not part of the scope of
this paper.
Materials and methods
Exp. 1: Commercial fresh-cut apples
Apple slices were processed in a commercial fresh-cut apple
plant in the US, where incoming whole apples were washed
in PAA sanitizer (not exceeding 80 ppm as specified in CFR
173.315) (Anon., 2016), mechanically sliced into a flume
containing a sanitizer, and exposed to UV-C in the UV Turbulator for approximately 10 seconds with the transmittance of
the water managed automatically. The apple slices were then
subjected to a mild heat treatment followed by rapid cooling
in a commercial antioxidant solution (Natureseal, MantroseHaeuser, Westport, CT).
Slices were collected at three different stages: washed in
PAA before and again after the Turbulator, and slices after
the heat treatment and subsequent cold flume. Each set
of samples was collected four times during a commercial
production run. Naturally occurring aerobic plate counts,
coliforms and yeast were measured by DonLevy Laboratories, Crown Point, Ind., and reported as colony-forming
units per gram of tissue (cfu/g). A separate set of commer-

cial samples treated with or without UV-C were stored at
4°C, and yeast counts were measured after 7 and 15 days.
Data were analyzed statistically with JMP (SAS Institute
Inc., Cary, NC).
Exp. 2: Increasing UV-C dose on apples and lettuce
Cut apple pieces and organic Romaine lettuce (10 cm x 10
cm) (Figure 2 on page 6) were dip-inoculated with Citrobacter freundii (a surrogate for Listeria monocytogenes),
spun in a domestic salad spinner, air dried for 2 hours in
refrigerated conditions and washed for 30 seconds in sterile
water to remove unattached bacteria. Pieces were attached
to wire hooks and held in the UV Turbulator for 10, 60,
120, 240 and 480 seconds. The Turbulator contained fresh
water, and the UV transmittance did not drop below 80
percent.
Enterobacteriaceae counts, which include Citrobacter
freundii, were measured on the samples after treatment
by AsureQuality, Auckland, New Zealand. Results were
analyzed by JMP (SAS Institute Inc., Cary, N.C.).
Exp. 3: Inoculated Romaine lettuce
Romaine lettuce was purchased from an organic grower.
The unwashed lettuce was cut into pieces (approximately
10 cm x 10 cm) with sharp knives and pieces were dipped
in a Citrobacter freundii suspension at 11,400,000 cfu/g or
7.1 log cfu/g. The pieces were drained and dried in a salad
spinner before being packed in macroperforated plastic bags
and stored overnight at 4°C. The lettuce pieces were treated
as specified in Table 1, dried in a sanitized salad spinner,
packed in bags (75 g/bag) and stored at 4°C for 6 days. The
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(bags of lettuce) were analyzed per treatment. The data was
reported as log counts and log reductions from the inoculated
but unwashed lettuce samples. Log reductions were analyzed
by JMP (SAS Institute Inc., Cary, N.C.).
Exp. 4: Pomegranate arils
‘Wonderful’ pomegranates were grown in California and
stored for 6 months before being shipped to New Zealand,
where the UV Turbulator was located. The arils (seed and
surrounding fleshy tissue) were extracted from the fruit and
subjected to five different treatments (Table 2) before being
dried in UV sanitized air. Hydrogen peroxide is only allowed
in wash water when combined with acetic acid to form
peroxyacetic acid and should not exceed 59 ppm in wash
water (21CFR173.315) (Anon., 2016).

Figure 2. Apple slices and Romaine lettuce pieces on wire
hooks used to extend the time in the UV Turbulator.

UV Turbulator had fresh water at the start of every treatment, and the UV transmittance did not drop below 80
percent. Because of logistical reasons, the treatment with
heat was conducted a day later than the remainder of the
treatments. A separate baseline measurement of inoculated
but unwashed product was measured for each set of samples.
Table 1. Details of different treatments used on Romaine
lettuce pieces.
Abbreviation

Treatment

Treatment details

PAA

Peroxyacetic acid
(Tsunami 100)

60 ppm for 90 s

UV

Ultraviolet-C

10 s in UV Turbulator

PAA+UV

PAA followed by UV

Sequential steps are
described above

PAA+UV+Heat

PAA followed by UV
followed by hot water
(with PAA) followed by
rapid cold water cooling

PAA and UV (as
above) followed by
40.5°C for 30 s, then
0-2°C for 30 s

Enterobacteriaceae (which includes inoculated Citrobacter
freundii) and aerobic plate (APC) counts were measured by
AsureQuality (Auckland, New Zealand) the day after treatment and again after 6 days of storage. At each date, 3 reps
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Table 2. Details of the five treatments used to wash pomegranate arils (where PAA = peroxyacetic acid, trade name
Tsunami 100, Ecolab, St. Paul, Minn.; and HP = hydrogen
peroxide).
Treatments

Wash
(60 s)

Control

Water

No

21°C

Water

Tsu48

80 ppm PAA

Yes

48°C

80 ppm PAA

Tsu55

80 ppm PAA

Yes

55°C

80 ppm PAA

HP48

1.5% H2O2

Yes

48°C

1.5% H2O2

HP55

1.5% H2O2

Yes

55°C

1.5% H2O2

UV (10 s) Hot water

Cooling
(2°C)

The arils (122 g/cup) were packed in sealed plastic
containers. Three containers (reps) were analyzed per
treatment per day after 0, 7, 10, 14, 18 and 21 days at
4°C. Aerobic plate counts, yeast and molds counts, and
aril quality data were measured. The microbial data were
analyzed statistically (ANOVA test) using R statistical
package. This experiment was designed by Fresh Appeal
and conducted by Plant and Food Research, New Zealand,
as a contract research project.
Results
Exp. 1: Commercial fresh-cut apples
The APC on apple slices were reduced by 1.0 log after treatment with the UV Turbulator, and coliform counts were
reduced by 1.4 logs (p < 0.05), despite the prewash with PAA
(Figure 3). The hot flume did not significantly reduce the
microbial counts.

not shown). On both commodities, there was at least a 2 log
difference in Enterobacteriaceae counts between the washed
sample and UV-C treated sample.

Figure 3. Aerobic plate counts, coliforms and yeast counts
(log cfu/g) on apple slices sampled at three stages in a
commercial plant, after PAA wash but before the Turbulator,
after the Turbulator and after the heat treatment. Different
letters denote significant difference (p < 0.05) using TukeyKramer HSD test.

The yeast counts were reduced by the UV-C step (Figure
3), but the results were not significant because of the high
variability of the samples taken before the Turbulator. Two
of these samples had undetectable yeast counts and two had
higher counts. However, all the yeast counts were low after
treatment (<20 cfu/g or <1.3 log cfu/g). Despite low yeast
counts after treatment, these counts usually increase during
storage. The UV-C sanitation step was effective at reducing
this rate of increase, and after 15 days of shelf life, the yeast
counts were 1.9 log lower than comparable slices without the
UV-C step (Table 3).
Table 3. Yeast counts (log cfu/g) on apple slices processed
in a commercial plant with and without the UV-C sanitation
step after 7 and 15 days of storage at 4°C.

Figure 4. Enterobacteriaceae (which includes the inoculated Citrobacter freundii) (log cfu/g) on apple slices washed in
the Turbulator with increasing UV-C ﬂuence. Different letters
denote significant difference (p < 0.05) using Tukey-Kramer
HSD test.

Exp. 3: Inoculated Romaine lettuce
When inoculated Romaine lettuce was subjected to commercial
wash treatments and compared to an inoculated but unwashed
baseline sample, the treatments with UV-C resulted in higher
reductions in Enterobacteriaceae (log cfu/g) than PAA alone
(Table 4). There was no additional effect on Enterobacteriaceae with PAA followed by UV or PAA+UV+heat.
Table 4. Enterobacteriaceae counts (log cfu/g) (including
inoculated Citrobacter freundii) and the log reduction from
the relevant baseline on Romaine lettuce pieces after
treatment and again after 6 days of storage at 4°C.
Treatments

Yeast count (cfu/g)
Turbulator
No UV
UV

Day 7
3.2

a*

1.8
1.8 c

Day 15
5.1

a

3.2

b

*Different letters denote significant difference (p < 0.05)
using Tukey-Kramer HSD test.

Exp. 2: Increasing UV-C dose on apple and lettuce
Increasing the UV-C exposure time from 10 seconds to as
much as 480 seconds did not further reduce the log counts of
the Enterobacteriaceae (which includes the inoculated Citrobacter freundii) on either apple (Figure 4) or lettuce (data

Initial
Log
cfu/g

After 4 days at 4°C

Log
reduction

Log
cfu/g

Log
reduction

Baseline 1

5.67

5.34

PAA

4.23

1.44 b*

4.58

0.76 b

UV

3.53

2.14 a

3.60

1.74 a

PAA+UV

3.36

2.31 a

3.60

1.74 a

Baseline 2

5.50

PAA+UV+Heat

3.22

5.34
2.28 a

3.36

1.98 a

*Different letters denote significant difference (p < 0.05)
using Tukey-Kramer HSD test.

page 8 u
Summer 2017

7

t page 7
Exp. 4: Pomegranate arils
All four treatments were superior to the control in reducing
APC (Figure 5). Similar trends were observed in yeast and
mold counts (data not shown) on pomegranate arils for at
least 14 days of storage. The increase in yeast and mold
counts are particularly important on pomegranate arils as
they are responsible for decreasing the shelf life by causing
off odors prior to obvious contamination. Microbial counts
on arils treated with Tsu48 were similar to the control after
18 days while the treatments at the higher temperature (55°C)
maintained lower counts.
Of these treatments, HP55 was most effective in controlling
APC and yeasts and molds; however, treatments containing
hydrogen peroxide, regardless of the temperature, resulted
in more severe aril browning (Figure 6). Consequently, the

Figure 5. Aerobic plate counts (log cfu/g) on pomegranate
arils treated according to Table 2 measured after 0, 7, 10,
14, 18 and 21 days at 4°C.

Figure 6. Pomegranate aril color (% red, light red, pink or
brown) after different sanitation treatments (Table 2) and 18
days of storage at 4°C.
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treatments with PAA (Tsunami) were superior in terms of
microbial control and aril quality and could extend shelf life
to 14 days (Tsu48) or 18 days (Tsu55).
Discussion and conclusions
The UV-C wash step is an effective sanitation step for reducing
initial microbial load on the produce itself and maintaining
a lower load during storage (Table 3; Figure 4). UV-C is
usually used as an additional hurdle to chemical sanitation.
The advantage of an initial wash with a chemical sanitizer
is that the UV-C transmittance of the water in the Turbulator remains higher for longer and fewer water changes are
required. Since the efficacy of UV-C sanitation is determined
by UV-C transmittance of the water this is an important step.
The UV-C Turbulator automatically measures UV-C transmittance and replenishes or replaces the system with fresh
water when it reaches a predetermined set point. The constant
recirculation of the water in the UV-C Turbulator ensures that
the water itself is sanitized.
Provided that the UV-C transmittance is well managed, the
current fluence is appropriate, since increasing the time did
not significantly affect the microbial loads. Very high fluences
can damage plant tissue; however, no obvious damage
was observed directly after processing. Future research
will consider the effects of increasing UV-C fluence on the
microbial counts and produce quality during storage. The hot
flume did not further reduce the bacterial counts on apple
slices (Figure 3) or on Romaine pieces (Table 4). However,
increasing the temperature from 48°C to 55°C did further
decrease APC and yeast and mold counts on pomegranate
arils initially, as well as maintain lower microbial counts
during storage. Mild heat treatment has benefits aside from
the effect on microbial loads and been shown to reduce the
respiration rate and ethylene production of the apple slices
and maintain the firmness (data not shown).
This multi-hurdle system can be used to wash whole produce
(e.g., apples), as well as fresh-cut fruits and vegetables.
Produce items that can be singulated in the Turbulator, e.g.
apples, are better candidates, as opposed to heads of lettuce,
where there is a high risk of shading. However the data on
inoculated lettuce pieces was very promising with reductions of about 2 logs initially and about 1 log after 6 days at
4°C. The system would not be appropriate for whole heads
of lettuce, and the current Turbulator is not designed for very
large produce items.
UV-C has proved to be a useful sanitation step for fresh
and fresh-cut produce. This is usually part of a multi-hurdle

processing method but also could be used alone. UV-C could
replace chemical sanitizers with an acceptable physical
means and satisfy the consumer demand for “chemical-free”
produce. UV-C can be used in organic production systems.
The UV Turbulator is a practical means of using this physical sanitation system in fresh produce and ensuring good
coverage, a consistent exposure time and management of
UV-C transmittance. The data presented here confirms the
observations of commercial users of the Fresh Appeal system
who have reported longer shelf life and superior quality of
their fresh-cut produce. n

Pure &
Simple

AQ Series UV water
treatment units provide
eﬀective bacteria and virus
protection in residential, and
commercial applications, from soft drinks to shampoo especially where resistance to chemical treatment exists.
• Thousands of standard and custom units in use
• Simple and more economical than sophisticated
industrial systems
• Won’t change color, odor or taste of water
• Flow rates from 2 to 100 GPM
Contact American Ultraviolet today about ways to purify
your water. It’s really that simple.

References

Anon, 2014. Center for Produce Safety Key Learning #6. www.centerforproducesafety.org/amass/documents/document/210/CPS%20Key%20
Learnings%20May%202014_FINAL2.pdf
Anon., 2016. U.S. Food and Drug Administration. Code of Federal Regulations.
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm
Anon., 2017. Electronic Code of Federal Regulations. 7CFR205.15.
Allowed and prohibited substances, methods and ingredients in organic
production and handling. https://www.ecfr.gov/cgi-bin/text-idx?SID=a
1270246a6bc84f2a48cd7402454dbc3&mc=true&node=se7.3.205_110
5&rgn=div8

www.americanultraviolet.com

800.288.9288

mstines@auvco.com

Bolton, J.R.; Linden, K.G. 2003. Standardization of methods for fluence
(UV dose) determination in bench-scale UV experiments. Journal of
Environmental Engineering 129, 209-215.
Gómez-López, V.M. 2012. Chap. 21 Continuous UV-C light. In: GómezLópez (Ed). Decontamination of fresh and minimally processed produce.
Wiley-Blackwell, Oxford.
Gonzalez, R.J.; Luo, Y.; Ruiz-Cruz, S.; McEvoy, J.L. 2004. Efficacy of
sanitizers to inactivate Escherichia coli O157:H7 on fresh-cut carrot
shreds under simulated process water conditions. Journal of Food
Protection 67(11), 2375-2380.
Waites, W.; Harding, S.; Fowler, D.; Jones, S.; Shaw, D.; Martin, M. 1988.
The destruction of spores of Bacillus subtilis by the combined effects
of hydrogen peroxide and ultraviolet light. Letters in Applied Microbiology 7, 139-140.
Woolf, A. 2007. Personal communication.

Summer 2017

9

Action Spectra: A Review
James R. Bolton

Bolton Photosciences Inc., 628 Cheriton Cres. NW, Edmonton, AB, Canada T6R 2M5
Contact: 780.439.4709 or jbolton@boltonuv.com

Introduction and definitions
Following the publication of an extensive review of the UV
sensitivities of many microorganisms (Haji Malayeri, et al.
2016), it is appropriate to review the action spectra that have
been determined for some of these microorganisms.
Action spectra are important in analyzing data for UV
experiments involving polychromatic UV lamps (e.g.,
medium pressure UV lamps). They are also very useful for
modeling medium pressure UV systems using computational
fluid dynamics (CFD)-based UV dose models.
The germicidal factor [GF(λ)] or “action” of a microorganism
is defined as the UV sensitivity of that microorganism at
wavelength λ normalized to 1.00 at 253.7 nm (the primary
emission wavelength of a low pressure UV lamp). In general
terms, the action spectrum of a microorganism is a plot of
GF(λ) vs. wavelength. However, there are several possible
methods for determining GF(λ) from experimental data.
Methods for determining germicidal factors
The various methods for determining the GF(λ) values for
a microorganism involve analysis of fluence (UV dose)
– response curves (or photon fluence – response curves)
carried out at several wavelengths. Ideally, the spectral
width of the UV source should be very narrow (< 1 nm);
however, in many cases, such as the use of interference filters
or a monochromator with a medium pressure UV lamp, the
spectral width is 10-12 nm. The best case is the use of a
tunable laser, where the spectral width is <1 nm.
As pointed out by Bolton et al. (2015), the rate of
photochemical and photobiological processes is driven by
the rate of photon absorption. Thus ideally, the GF(λ) values
should be derived from plots of log(N0/N) vs. the photon
fluence (einstein cm-2), where N is the number of viable
microorganisms per mL at photon fluence Fo,p(λ) and N0 is
number of viable microorganisms per mL at Fo,p(λ) = 0.
However, in most cases the GF(λ) values have been derived
on an energy basis from plots of log(N0/N) vs. the fluence
(UV dose) (mJ cm-2). Bolton et al. (2015) indicated that GF(λ)
values derived from energy-based data can be converted to
GF(λ) values derived from photon-based data by multiplying
the former by (253.7/λ). Henceforth we designate GFε(λ)
as germicidal factors derived from energy-based data and
GFp(λ) as germicidal factors derived from photon-based data.
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The various methods for the determination of GFε(λ) values
are as follows:
1. Fluence-based rate constant method
Plots of log(N0/N) vs. the fluence often have a linear region,
where one can derive a first order rate constant
. GF1ε(λ)
then is defined as
[1]
2. Fixed ﬂuence method
Plots of log(N0/N) vs. the fluence are often non-linear. The
International Union of Pure and Applied chemistry (IUPAC)
(Braslavsky 2005) thus proposed that “In cases where the fluence
dependence of the photoresponse is not linear (as is often the
case in biological photoresponses), a plot of the photoresponse
vs. fluence should be made at several wavelengths and a standard
response should be chosen (e.g., two-log reduction). A plot of
the inverse of the “standard response” level vs. wavelength is
then the action spectrum of the photoresponse.” Thus
[2]
where n is the fixed log reduction chosen (e.g., 2). Gates
(1930) used this method.
3. Fluence-response mapping (curve mapping) method
Coohill (1991) and Sutherland (2002) have pointed out that
if the fluence-response curves at various wavelengths have a
very similar fluence-response profile, then it is possible to apply
a single constant that will map the fluence-response curve at
given wavelength to that at 253.7 nm. This constant is 1/GF3ε(λ).
The advantage of this method is that all the data in the fluenceresponse curve are used to determine GF3ε(λ). Beck et al. (2015)
used this method to determine their germicidal factors.
If the dataset are plots of log(N0/N) vs. photon fluence, the
corresponding GF values are GF1p(λ), GF2p(λ) and GF3p(λ), where
[3]
where i = 1, 2 or 3.
The choice of GF values based on fluence-response curves or
those based on photon-fluence response curves depends on

how the GF values are to be used. For example, if one wishes
to calculate the average germicidal fluence rate over a certain
range, the following equation should be used (Bolton et al. 2015)
[4a]
where Eλ is the spectral irradiance (W m-2 nm-1) at wavelength λ.
On the other hand, if one wishes to calculate the average
germicidal photon irradiance, the following equation should
be used
[4b]
where Ep,λ is the spectral photon irradiance (einstein m-2 s-1
nm-1) at wavelength λ.
As an illustration of how much variation is caused by use of
the various methods, the data sets from Chen (2007) were used
to generate GF values using several methods. As can be seen,
there is not much difference among the methods for the GFε(λ)
values. The GFp(λ) values increase at wavelengths less than 254
and decrease at wavelengths greater than 254 because of Eq. 3.

2. Interference filters – these filters can be manufactured
with specific center wavelengths, so a set of filters can be
used to determine an actions spectrum. The problem is that
the bandwidth is 10-12 nm (full width at half height), so the
action values are somewhat “smoothed” by this bandwidth.
3. Tunable laser – this method is by far the best because the
bandwidth for a tunable laser is much less than 1 nm. Most of
the data in Beck et al. (2015) used this method.
Action spectra data and discussion
Action spectra data has been extracted from the various
references either by extracting data from tables or by
interpolating off charts using the Web Plot Digitizer (http://
arohatgi.info/WebPlotDigitizer/app/?). The data from the
literature for which action spectra have been determined are
collected in an Excel file (supplementary material), which is
available as a pdf in the e-version of IUVA News (posted at
www.iuvanews.com).
The type of wavelength filter and the method for determining
the action spectra are specified in each worksheet. The
supplementary material also contains curve fits of these data

Table 1. Comparison of GF(λ) values for Bacillus subtilis spores
using various methods (taken from data sets in Chen (2007).
Wavelength/
nm

GF1ε(λ)

GF2ε(λ) (2
logs)

GF3ε(λ)

GF1p(λ)

222

2.48

2.32

2.37

2.84

225

2.24

2.42

2.39

2.53

232

1.63

1.70

1.68

1.78

243

1.03

1.00

1.00

1.08

251

1.03

1.00

1.01

1.04

254

1.00

1.00

1.00

1.00

264

1.34

1.32

1.33

1.29

268

1.26

1.34

1.37

1.20

279

1.00

0.98

0.98

0.91

292

0.19

0.22

0.21

0.17

303

0.02

0.06

0.02

0.02

Various methods have been used to select wavelengths from
a broadband UV light sources for the determination of action
spectra, such as:
1. Monochromators – the early work by Gates (1930) used a
quartz monochromator; however, modern monochromators are
usually are grating monochromators. A good monochromator
can produce a narrow beam with a width of only a few nm.
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using the cubic spline method. The figure numbers in the
following discussion refer to worksheets in the supplementary
online file.
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UV FAQ
UV Questions from the Website
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: Tell me, why does glass have a good absorbance
in the UV regions?
Answer: Glass is an impure composite of silicon dioxide. It
is the impurities in glass that absorb UV, and, thus, ordinary
window glass absorbs all UV wavelength below about 390
nm. If the impurities are largely removed, the material is
called quartz; quartz is transparent to UV down to about 220
nm. If the silicon dioxide is ultrapure (made from zone-refined
silicon), then it is transparent to UV down to about 160 nm.
Question: If wavelengths below ~390 nm cause the OH*
production in TiO2, then are shorter wavelengths always
better, monotonically? So when all other factors are held
equal, 254 nm will produce more OH* from TiO2 than 365
nm, for example?
Answer: TiO2 is a semiconductor with a band-gap such that
photons with wavelengths more than about 390 nm cannot
create “holes” in the valence band. About 4 percent of these
holes go on to produce OH radicals; that is, the quantum yield
of OH production is only 4 percent [see Sun and Bolton, J.
Phys. Chem., 100, 4127-4134 (1996)]. For photons with
wavelengths less than 390 nm (e.g., 254 nm), the extra energy
is rapidly lost in the crystal matrix, so the created “holes”
have the same energy as for photons at 390 nm. Therefore, I
would not expect that the quantum yield for OH production
would change as the wavelength is decreased below 390 nm.
The following three questions are related.
Question 1: For a house with paintings/drawings/designs
on the wall with gold paints, we would like to use a UVC
germicidal lamp room sterilizer. The question is if the gold
painting/carvings and drawings on the ceiling will be affected
or will be faded if exposed to UV light? Would you still
recommend them to expose UV light to this surface area?
What will the effect be, and what is the recommended way
to use it?
Answer to Question 1: As long as the UV dose applied
is just sufficient for inactivation of microorganisms on the
surface (UV dose about 40 mJ/cm2), there should be no effect
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on the surfaces exposed to the UV. That is, there would be
no significant changes in the surfaces so exposed. Significant
photochemical changes to the surfaces would require a UV dose
at least 10 times that required for UV disinfection. If you can
obtain a UV radiometer calibrated at 254 nm, you can measure
the irradiance (mW/cm2) at the surface. The UV dose (mJ/cm2)
is then the irradiance times the exposure time in seconds.
Question 2: I also would like to make an inquiry regarding
plastics that will be exposed to UV light. Is it OK to expose any
form of plastic to UV light, or there are restrictions? Because
we had an incident where the UV light exposure to a baby
bottle turned it yellowish even only after a couple of uses.
Answer to Question 2: As long as the UV dose is
appropriate for UV disinfection (UV dose about 40 mJ/
cm2), no plastic should be altered significantly by such UV
exposure. However, if very high UV doses are used (>400
mJ/cm2), then some changes may occur. The degree of
photochemical damage depends on the type of plastic used.
It is clear that in the case of the baby bottle exposed to UV,
the UV dose applied was far too high.
Question 3: We would like to ask if there will be any effect
if makeup products are exposed to UV lights, or is it also safe
to expose makeup products to UV light to sterilize them from
any microorganism?
Answer to Question 3: Again, if the UV dose is not too
high (about 40 mJ/cm2), then there should be no significant
changes in the makeup materials. The important caveat is not
to expose the makeup materials to very high UV doses (>400
mJ/cm2). n
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UV Industry News
Expert in drinking water treatment to serve New
Hampshire clients – Tighe & Bond, a Northeast leader
in civil and environmental engineering
services, has announced that James
Collins, P.E., joined the firm as a principal
engineer in its Portsmouth, New Hampshire, office. Collins has 13 years of engineering experience assisting clients with
a broad range of drinking water treatment
challenges, including emerging contami- James Collins
nants and disinfection.
Recognized as a national expert in ultraviolet (UV) disinfection and advanced oxidation technologies, Collins is
the co-author of the American Water Works Association
(AWWA) Advanced Oxidation Handbook and a contributing
author to additional Environmental Protection Agency (EPA)
and Water Research Foundation (WRF) manuals. He also
serves as the co-chair of the New England Waterworks Association’s (NEWWA) Disinfection Committee.
Collins’ nationwide experience includes UV disinfection,
advanced oxidation, ground water treatment, water treatment
plant design, corrosion control and water reuse for numerous
high-profile clients. He earned his bachelor of science in
environmental conservation and his master of science in civil
engineering from the University of New Hampshire. Besides
being active in AWWA and NEWWA, he is a member of the
International Ultraviolet Association (IUVA). Collins lives in
Exeter, New Hampshire.
Tighe & Bond, Inc. provides comprehensive engineering and
environmental services to hundreds of public and private
clients across the northeastern United States, with emphasis
on the education, energy, government, health care, industrial, real estate and water/wastewater market. A staff of 300
people work from offices in Portsmouth, New Hampshire;
Westwood, Pocasset, Worcester and Westfield, Massachusetts; Middletown and Shelton, Connecticut; and Red Hook,
New York.
For more information, contact Marketing/Communications
Specialist Debbie Whitney at 413.572.3207 or DJWhitney@
tighebond.com.
Atlantic Ultraviolet releases UV water purifier,
filtering system – Atlantic Ultraviolet Corporation
announces its new Bio-Logic® Pure Water Pack™, the easiest
point-of-use water filtration and UV disinfection system
available. Rotatable heads make it different from any other
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unit on the market. The flexibility of being able to rotate the
head on either side of the chamber to match the existing water
connection streamlines
installation and results
in savings of time and
money.
Engineered
and manufactured in
the United States, the
Bio-Logic® Pure Water
Pack™ is economical,
compact and versatile. It contains a twopart filtration process
to remove unwanted
sediment and reduce
foul tastes and odors, and a stainless steel UV disinfection
chamber to eradicate virtually all microorganisms. Its ability
to purify and disinfect water, along with the ease of installation due to the rotatable heads makes it the best point-of-use
system on the market. For information about the Bio-Logic®
Pure Water Pack™, visit BuyUltraviolet.com.
Ann Wysocki, COO of Atlantic Ultraviolet, said she is excited
about the release of this product because it fills a consumer
need. She said: “For those people who want filtered and purified water, who want to stop buying bottled water, this product
is designed for them. The Bio-Logic® UV Water Purifier and
Pure Water Pack™ is designed for point of use installation,
under any sink, and with the rotatable heads and the custommade mounting bracket, the installation is easy.”
Message from GigaHertz-Optik: We often get this question from callers wondering why their traditional filter based
light meters have issues when measuring SSL. In response,
a presentation titled “Spectral Light Meters for accurate
measurements of LED lighting” has been prepared by Mike
Clark at Gigahertz-Optik.
The presentation can be found at http://bit.ly/2qknRLP. For
questions, contact Bob Angelo at 978.462.1818 or b.angelo@
gigahertz-optik.com.
Evoqua’s ETS-UV™ Systems selected to disinfect advanced purified water – ETS-UV systems were
selected for disinfection treatment of 114 million gallons of
advanced purified, recycled water per year for recreational
use in Lake Mission Viejo in Orange County, California.
This project has been a collaboration among the city of
Mission Viejo, the Santa Margarita Water District and the

Lake Mission Viejo
Association.
The 124-acre lake is
owned and operated
by the association and
is maintained with a
combination of water
sources,
including
potable water provided
by Santa Margarita
Water District.
In support of future water supplies, and given the ongoing
drought conditions, the water district and the Association
evaluated alternative water sources to replace the use of
potable water from the District. They discovered that through
advanced treatment, they can maintain lake water elevation
levels with a sustainable, reliable, cost-effective source of
local non-potable water that meets the water quality standards desired for the continued recreational use of the lake.

Malley named IUVA News associate editor; Cates on
IUVA editorial board – Jim Malley, a professor of civil and
environmental engineering at the University
of New Hampshire (UNH) and an environmental engineering administrator, recently
was named associate editor of IUVA News.
Malley has 37 years of experience in environmental engineering, working on more than
100 projects in nine countries, including a
wide range of UV and UV/H2O2 applications. Jim Malley
He is co-principal investigator of De-RISK,
a USEPA National Center for Innovation in
Small Systems.
Ezra Cates, recently appointed to the IUVA
Editorial Board, earned a PhD in environmental engineering from Georgia Tech,
Ezra Cates
and he is an assistant professor at Clemson
University. Cates’ research group focuses on radiation-based
processes for environmental applications, including disinfection and advanced oxidation processes. n
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CIE 220:2016 – Characterization and
Calibration Method of UV Radiometers
Anton Gugg-Helminger

Gigahertz-Optik GmbH, Germany
www.gigahertz-optik.de

Editor’s note: This article has been reprinted from UV News,
Issue 12 (March 2017), p.36ff, with the permission of Aalto
University.

became the new chair and finished this long process in 2016
with “Characterization and Calibration Methods of UV Radiometers.”

Abstract
This article gives a short overview of the history of the
document CIE 220:2016 Characterization and Calibration
Method of UV Radiometers (CIE, 2016) and its most important content. In particular, the subject of spectral mismatch is
covered. The technical document CIE 220 prepared by CIE
Technical Committee TC2-47 describes quality indices for
UV radiometers, which enable manufacturers and users to
characterize instruments on a common basis. To harmonize
CIE documents, the quality indices described in this document relate to the quality indices described in Joint ISO/CIE
International Standard ISO/CIE 19476:2014(E) (formerly
CIE S 023/E:2013).

From the initial idea through to the finished document, it has
taken 18 years of work all around the world. The published
document provides helpful guidance on the characterization
of UV radiometers.

All these considerations are important for the calibration and
the use of UV radiometers. If every manufacturer would give
the values mentioned in the CIE 220, the user will be able to
correct his measurements and therefore obtain much better
values comparable to UV radiometers from different manufacturers.
History and success of the document
The starting point of the CIE 220 was 18 years ago. A working
group pursuing the work was established in the first workshop of the “Thematic Network for Ultraviolet Measurements” in Espoo, March 2 and 3, 1998. The network was
funded by the Standards, Measurements and Testing program
of the Commission of the European Communities, as project
number SMT4-CT97-7510.

To harmonize CIE documents, the quality indices described
in CIE 220 relate to the quality indices described in Joint
ISO/CIE International Standard ISO/CIE 19476:2014(E)
(formerly CIE S 023/E:2013), and references are made to
those where applicable.
Unlike photometers, the subject of ISO/CIE 19476:2014(E),
UV radiometers may be designed for various actinic spectra
and different spectral ranges. Therefore, instead of only one
defined spectral reference source (CIE Source A) used in
ISO/CIE 19476:2014(E) three reference spectra as shown
in Figures 1 and 2 are proposed in CIE 220 to support the
generic spectral characterization of UV radiometers for
various applications.
Spectral mismatch evaluation
Spectral mismatch is a major uncertainty source, maybe the
largest one, hence one of the most important characterization
parameters of a UV radiometer.

Within the Working Group 1 “Guidance for UV power meter
classification for particular applications,” chaired by Anton
Gugg-Helminger, the document “Characterizing the Performance of Integral Measuring UV-Meters” was prepared. It
was published in UV News in November 2000. [2]

After the first publication in 2000, Gigahertz-Optik GmbH
started to measure the relative spectral responsivity of
each broadband UV radiometer that was delivered, and it
is possibly still the only manufacturer doing so. With this
knowledge, every customer is able to calculate the spectral
mismatch a(Z) value. The application of this a(Z) value is a
key parameter for precise measurements. It allows correction of the measured value, corresponding to the calibration
source and not to the actual source measured. In CIE 220, the
* , the spectral mismatch.
a(Z) value is called aact,R,Z

This publication was taken over to the CIE within the technical committee TC2-47 with chair Gan Xu in 2001. The
new title was “Methods of Characterization and Calibration
of Broad Band UV Radiometers.” In 2006, Armin Sperling

* is defined as the ratio of the
The spectral mismatch aact,R,Z
effective responsivity of the meter head with respect to the
radiant quantity of the test source sact,Z, to the effective responsivity with respect to the reference source sact,R as
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(1)

The reference spectra have been defined for a wide range
from 200 nm to 1,100 nm, due to the long wavelength
response of commonly used silicon detectors.

where X λ,R,rel(λ), Xλ,Z,rel(λ) are the relative spectral distributions of the reference-spectrum source R and that of source
Z, respectively.
The reciprocal of this spectral mismatch is called the spectral
mismatch correction factor
(2)
This factor can be used to correct measurement results as
(3)
where YR is the corrected value with respect to the reference
spectrum source R, and YZ is the uncorrected reading of the
radiometer when measuring source Z.

Figure 2. Reference spectra of Figure 1 in the wavelength
range 200-400 nm. Colors are as in Figure 1.

For situations where the three defined spectra are not sufficient for the evaluation of the spectral mismatch of a UV
radiometer, 10 further sources are given in UV News [2].
These spectra are illustrated in Figure 3 on page 20.
Note: The spectral distributions of Figure 3 are not specified as reference spectra in CIE 220 or any other official
CIE documents.
However, as a “golden rule,” one can say the closer the
spectral mismatch correction factors are to 1 for different
reference spectra, the better the broadband UV radiometer
can measure sources of unknown spectral power distributions.
Figure 1. Reference spectra defined in CIE 220 in the range
200-1,100 nm. The red curve denotes relative spectrum of a
D2 lamp, the blue curve is a black body radiator at T=6,500
K and the green curve is unity irradiance.

If the quality of a broadband UV radiometer has to be evaluated without knowing the exact spectral power distribution
of the measured source, within the CIE 220 three reference
spectra are given. With these three reference spectra, the
user can evaluate the quality of a broadband UV radiometer with respect to these reference light sources.
Hence, the user is at least able to compare the UV radiometer to other meters even if the spectral distribution of the
source being measured is not known.

Example evaluation for a UVA radiometer
In the following, an example of a UVA radiometer is given.
The radiometer has been designed for the ICNIRP [3],
former ACGIH [4], weighting function as shown in Figure
4 on page 20.
The UVA radiometer corrections are evaluated with the
reference spectra of CIE 200 and UV News.
The evaluated UVA radiometer matches quite well with the
three reference spectra of CIE 220 as seen in Table 1. The
* are within 1.5 percent even
spectral mismatch factors aact,R,Z
without applying spectral mismatch correction factors.
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Figure 3. Ten different spectral distributions of real sources defined in UV News [2]. The indices are as follows: Index 1 –
xenon long arc lamp; Index 2 – HMI lamp; Index 3 – UV-A tanning lamp; Index 4 – dermatological UV-B lamp; Index 5 – low
pressure Hg lamp; Index 6 – medium pressure Hg lamp; Index 7 – Sun 5 July 1997 Thessaloniki 18° SZA; Index 8 – 30 W
deuterium lamp; Index 9 – tungsten halogen lamp; Index 10 – iron high pressure lamp.

Table 2 lists spectral mismatch factors of the same detector,
evaluated for the 10 sources defined in UV News. These
results show a wider range of spectral mismatch correction
values and thus by not applying them a larger residual error.
Table 2. Spectral mismatch factors for a UVA meter used as
an ICNIRP-weighted radiometer, with reference spectra of
UV News.

Figure 4. The blue curve denotes DIN EN 62471:2009-02
200-320 nm, the red curve denotes DIN EN 62471:200902 320-400 nm and the green curve is the relative spectral
responsivity of a real detector device UV-A, SN 16346.
Table 1. Spectral mismatch factors for a UVA meter used as
an ICNIRP-weighted radiometer, with reference spectra of
CIE 220.

Reference spectrum

*
αact,R,Z

Xenon long arc lamp, index 1

1.011

HMI lamp, index 2

0.993

Tanning lamp UV-A, index 3

0.999

Derm. used lamp UV-B, index 4

1.062

Hg lamp low pressure, index 5

1.377

Hg lamp med. pressure, index 6

1.360

Reference spectrum

*
αact,R,Z

Sun 5th July 97 Thessaloniki
18° SZA (or use AM1.5), index 7

1.184

BB 6500K

0.992

Deuterium lamp 30W, index 8

0.996

D2

0.985

Tungsten Halogen lamp, index 9

0.986

EE

0.992

Iron high pressure lamp, index 10

1.088
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Depending on the application, this detector might be sufficient for at least seven or eight of the sources. However, for
at least two sources the mismatch factor is large, and a correction is highly recommended.
By analyzing the data in more detail, we can see the Hg
lamp shows no or very little emittance in the spectral range
320-400 nm for which the detector is designed. This explains
the large deviation with this lamp.
Evaluation of the spectral mismatch factor is a good way to
test the detector performance for an intended application.
However, this can only be done if the values of the relative
spectral distributions of the measured source, the calibration lamp, and the detector are available. Hence to reduce
the additional measurement error introduced by the spectral
mismatch error of the UV broadband radiometer, this data is
needed from the manufacturer.
Short- and long-wavelength range response
characteristic of UV radiometers
In photometry, the long and short wavelength response is
easier to check than in the UV region. This is due to the
smooth photometric V(λ) curve and the smooth standard illuminant A. Therefore, optical glass filters are recommended
for the evaluation. In the UV region, however, the reference
spectra and light sources are more complicated.
In this chapter the short and long wavelength response of a
UV radiometer and its impact on measurements is explained
with the help of an example. If we measure the long pass filter
response with a 2 mm thick WG320 Schott optical glass filter
(Figure 5), which should be suitable to check the long wave
response for this detector device (50 percent transmission value
will be at 320 nm), we should get a usable result. We get a result
value of 2 percent for the long wavelength responsivity.

Figure 5. UV-B-radiometer actinic curve (blue line) and the
transmittance of long pass filter WG320 (red curve).

In photometry, the long and short
wavelength response is easier to check
than in the UV region. This is due to the
smooth photometric V(λ) curve and the
smooth standard illuminant A. Therefore,
optical glass filters are recommended for
the evaluation. In the UV region, however,
the reference spectra and light sources are
more complicated.
In practice, according to the WG320 filter’s data sheet specification, the 50 percent value could vary from 314 nm to 326
nm (Figure 6). When measuring with these two filters, we get
result values between 0.2 percent and 9 percent. It is quite
clear that these values do not express the performance of the
UV detector, but originate from the wide spectral tolerance
of the long pass wavelength filter. Therefore, this evaluation
is not suitable in the UV range. The same principle applies to
the short wavelength response.

Figure 6. UV-B-radiometer actinic curve (blue line), and
possible long pass filter curves of WG320: 50 percent at
314 nm (green line) and 50 percent at 326 nm (purple line).

Due to the tolerance problems, the short-wavelength range
response index fsh,act and the long-wavelength range response
index flo,act have to be calculated directly from the measured
relative spectral responsivity of the UV radiometer being
characterized instead of the filter method. CIE 220 does not
recommend the filter method for evaluating the out of band
response. Also the fluorescence of the filter has to be taken
into account.
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The characteristics of the respective out-of-band response
of the radiometer, i.e. the short-wavelength range response
index, fsh,act, and the long-wavelength range response index,
flo,act, are determined as the ratio between the relative upper
and lower out-of-band responsivity to the relative in-band
responsivity of the UV radiometer with respect to the action
spectrum of interest,

(4)

(5)

where λsh,Sensor is the wavelength where the responsivity of the
detector used in the UV radiometer becomes negligible (i.e.
below the expected uncertainty of the measurements) on the
short wavelength side.
This wavelength may be set to 200 nm; λlo,Sensor is the wavelength where the responsivity of the detector used in the
UV radiometer becomes negligible (i.e. below the expected
uncertainty of the measurements) on the long wavelength
side; λsh,Aact is the short wavelength edge of the actinic function for which the UV radiometer is designed; λlo,Aact is the
long wavelength edge of the actinic function for which the
UV radiometer is designed; and srel(λ) is the relative spectral
responsivity of the UV radiometer.
The out-of-band indices fsh,act and flo,act are defined independently from the used calibration and application sources. The
actual out-of-band signal of a UV radiometer will depend on
the signal of the used sources in the out-of-band range of
the spectrum. Therefore, fsh,act and flo,act serve only as general
information about the detector and cannot be used to correct
measurements.
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CIE 220 recommendation for UV radiometer datasheets
CIE 220 is the first document that states a list of quality
indices for UV radiometers that should be included in the
datasheets of such instruments.
Compared to photometry (ISO/CIE 19476:2104(E)), there
are only individual fx-values defined and no ftot.
This is practical since for many UV applications, not every
fx-value is needed. However, manufacturers should state all
of the fx-values to give the user the chance to evaluate the
fx-values needed for their application.
For reference instruments (highest quality instruments), the
manufacturer ideally should provide the following data for
each individually measured and characterized instrument:
• the target action spectrum.
• the reference-spectrum sources used for calculations
of effective responsivities.
• the type of calibration source used to calibrate the
effective responsivity under specific conditions.
• the spectral response.
• the wavelength corresponding to peak spectral
responsivity.
• the usable dose or irradiance range, as appropriate.
• the target angular response (cosine, 2π etc.).
• the allowed operating temperature interval and
associated temperature coefficient.
• the calibration temperature during calibration of the
reference instrument.
• the allowed humidity during operation.
• the tabulated values of the spectral responsivity
including assigned uncertainties.
• the tabulated values of the angular response.
• the quality indices including estimated
uncertainties.
• the reference plane of calibration.
With the help of this information, the users will be able to
perform reliable measurements and to calculate uncertainty
budgets for their measurement.
Uncertainty evaluation
The final measurement uncertainty associated with a UV
radiometer depends on the calibration and measurement
itself. Hence, an uncertainty budget of the measurement and
the calibration are needed. The uncertainty budget for the
calibration needs to be provided by the manufacturer.
For instance, within the calibration certificate, spectral

mismatch correction factors with their assigned uncertainties should be provided for typical sources for which the UV
radiometer might be used or even for user specific sources.
Major sources of uncertainty during calibration are:
• Calibration uncertainty of the standard lamp for
spectral radiant quantity.
• Measurement uncertainty of the spectral distribution
of the calibration source.
• Calibration uncertainty of standard detector used for
measurement of spectral responsivity.
• Calibration uncertainty of the working standard
meter.
• Drift of the standard lamp used due to aging.
• Aging of working standard meter due to changes
of the filter transmittance, detector’s spectral
responsivity and its electronic circuit.
• Non-linearity and range change of the standard meter.
• Measurement uncertainty of electrical quantities
(e.g. current measurement from photodiode) in the
standard meter if they are measured separately using
a current or volt meter.
• Calibration uncertainty of amplifiers.
• Drift of amplifier.
• Stability of the radiant quantity from the UV source.
• Straylight falling on the detector in the calibration.
• Positioning uncertainties of both test and standard
meter heads.
• Alignment of the meter heads relative to the beam.
• Spatial non-uniformity of detectors’ responsivities.
• Spatial non-uniformity of irradiating beam.
• Temperature change of the meter head due to heating
by the radiation of calibration source.
• Uncertainty caused by the low display resolution of
some industrial UV radiometers.
• Uncertainty of time interval measurement for dosage
(time integrated) calibration.
• Random uncertainties (type A) during calibration.

After 18 years of work, the technical report
CIE 220 has finally been published,
which provides a helpful guidance for UV
radiometers. By correct application of the
stated methods within the document, users are
able to reduce the measurement uncertainty
of UV radiometers. However, precise and
detailed information about the meter has to be
provided by the manufacturers.
the manufacturers.
Finally, with this information and the stated methods in CIE
220, different detectors, UV radiometers, broadband UV
radiometers and other UV instruments can be compared. n
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The uncertainty evaluation should be made by qualified
professionals according to the methods, standards and conditions recommended.
Conclusions
After 18 years of work, the technical report CIE 220 has
finally been published, which provides a helpful guidance for
UV radiometers. By correct application of the stated methods
within the document, users are able to reduce the measurement uncertainty of UV radiometers. However, precise and
detailed information about the meter has to be provided by
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Letter to the Editor
Reader Suggests Additions
to Discussion of UV Application
Re: “UV antimicrobial devices used to combat HAIs in
medical facilities: Is there a need to establish voluntary
industry efﬁcacy standards for their use” by Troy E. Cowan,
IUVA News, 18(4), 4-8 (2016).
I read your article on the need of establishing efficacy standards for UV Antimicrobial Devices Used to Combat HAIs.
Even though I enjoyed it and – with almost 20 years in the
UV industry – would very much like to see things happening
in this direction, I think you did not mention two very important aspects of UV application against HAIs.
First: It is important to note that with germicidal UV we can
only attempt to control the spreading of infections through the
environment. However, the transmission routes are numerous
(direct person-to-person, autoinfection in immunocompromised patients or from overuse of antibiotics, surgical site
infections, infections through central line catheters, etc.), and
the environmental route is one of the least important ones.
It is impossible to quantify exactly what percentage of HAIs
are transmitted through the hospital environment, but my
guess would be between 5 percent and 10 percent, including
any of direct infections caused by nonsterile environment. It
is important for the UV industry professionals to communicate a clear understanding of this limitation to avoid sounding
superficial and uneducated in infection prevention.
When “before” and “after” studies are performed to compare
the levels of HAI before and after implementation of germicidal UV the expectations must be set correctly. If the technology is presented as the silver bullet, which will eliminate
the need of strict adherence to handwashing protocols and
other infection prevention measures, the results will definitely
be disappointing. On the other hand, understanding that the
environmental route of transmission is responsible for only a
small portion of the HAIs offers a clear explanation of why
“the health care community has been slow to adopt” UV.
Second: Unlike water disinfection, which is achieved in the
controlled environment of an enclosed chamber where the
UV light is prevented from harming people, environmental
disinfection of hospital rooms is not performed in uniform,
let alone controlled, environments. And the risk of exposing
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patients or staff to germicidal UV is always there. Because
the uncontrolled environments differ greatly from each other,
the efficacy of UV application becomes dependent on the
training and common sense of the practitioners. The human
factor makes establishing efficacy standards very difficult.
I wanted to mention these things because they are important
if we want the germicidal UV technology to gain a solid traction in combating infections.
Ivan Pashikov, project manager,
American Air & Water, Inc.
12 Gibson Dr., Hilton Head Island, SC 29926
Email: admin@americanairandwater.com

Response by Troy E. Cowan, managing member, Vision Based
Consulting, LLC P.O. Box 1566; Lexington Park, MD 20653.
Email: troy@visionbasedconsulting.us
Many thanks for your email response to the article in IUVA
News, Winter 2016. Your email included several good questions and points of discussion, which I hope to address below,
while promoting dialogue and interest in furthering the application of UV technologies in improving health care delivery,
reducing associated costs and saving lives.
The focus of the article was obviously on applying UV technologies to fight hospital acquired infections (HAIs), which
as the article noted, result in 99,000 fatalities annually in the
US. While your first point is valid that there are many types of
HAIs and their infection pathways vary, please consider the
following on the importance of the environmental pathway.
A recent $2M, two-year-long, CDC-sponsored study, spanning nine hospitals and covering more than 120,000 patient
days, found “a contaminated health-care environment is an
important source for acquisition of pathogens…” (http://
www.thelancet.com/journals/lancet/article/PIIS01406736(16)31588-4/abstract). One of the study’s specific findings was that admittance to a room previously occupied
by a colonized or infected patient resulted in an increased
risk of acquiring that pathogen of between 39 percent and
353 percent (http://www.prnewswire.com/news-releases/

uv-disinfection-proven-effective-by-newly-published-dukehealth-study-300391647.html), affirming that the proper
cleaning of contaminated room’s surfaces is a critical component in HAI prevention.
To your second set of points, this same study compared
four different terminal room disinfecting protocols (one of
which included use of a UV-C antimicrobial device) and
found addition of UV-C into the procedure resulted in the
largest decreases (30 percent or more) in the multidrugresistant organisms studied. While the study didn’t address
the safety issues you raised, a quick survey of UV antimicrobial devices on the market would show that most, if not
all, room-sized devices require the room to be vacant for
treatment, and they use motion sensor safety switches to cut
off UV irradiation if motion is detected in the treatment area.
Lower powered devices, designed for localized treatment of
keyboards, remote controls, etc., have similar built-in safety
protections tailored to their application, power output and
frequencies.

To learn more...

If you would like to read the
article mentioned in the Letter
to the Editor –
“UV Antimicrobial
Devices Used to
Combat HAIs in
Medical Facilities” –
visit iuvanews.com
and click on the
Articles link to view
Vol. 18, Issue 4.

The study also reiterated the need for additional studies and
comparisons, stating, “The multitude of commercially available devices makes choosing a specific device difficult. UV
devices may vary because of differences in UV wavelength,
bulb size, energy output, ability to measure energy delivery,
and cost” (ibid). Hence, this and the article’s other cited
studies would reinforce the primary assertion that the issue is
the difficulty and complexity of the selection process, not that
there’s only a small degree of benefit to be gained. But, again
to another one of your points, there is no question that UV is
not a silver bullet in and of itself; it is only one component
of the health care industry’s arsenal. I would propose it is our
task to help the health care industry figure out how UV best
fits, based on UV industry standards that could be developed
and certified.
Please also refer to the summary (on page 26) of our panel
discussion on “Fighting HAIs and MDROs with UV-C using
Industry, Health Care and Federal Collaboration” presented
at IUVA Americas 2017 for additional information and
resources.
Again, many thanks for your insightful questions and
continuing support of UV technologies and their application
to real world problems.
I hope you’ll join us in our efforts to spread UV technologies
into the health care industry, again, to reduce cost and save
lives. n
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Panel Discussion: Fighting HAIs and
MDROs with UV-C Using Industry,
Health Care and Federal Collaboration
Troy E. Cowan1 and Richard A. Martinello2

1. Vision Based Consulting, LLC, Lexington Park, MD
2. Departments of Internal Medicine and Pediatrics, Infectious Diseases, Yale School of Medicine, New Haven, CT
Contact: Troy E. Cowan (troy@visionbasedconsulting.us)

The venue was the IUVA Americas Conference in Austin,
Texas. At that conference, on Feb. 5, a panel was convened
to discuss “Fighting HAIs and MDROs with UV-C Using
Industry, Health Care and Federal Collaboration.” The end
goal was to help further the development, credibility and
acceptance of UV antimicrobial capabilities in the fight
against HAIs in our nation. The question is: Would industrywide efficacy standards for UV antimicrobial disinfection
devices help make this happen sooner?
Participating in the panel, as seen in Table 1, were three MDs
to discuss issues from the health care perspective; two PhDs to
discuss the current and future commercial aspects of UV-C technologies; and an attorney from the Federal Trade Commission
to discuss current federal enforcement practices against unfair
and deceptive practices. Moderating the panel and facilitating
audience questions was incoming IUVA President Oliver Lawal.
Table 1. Panel members at the IUVA Americas Conference

Panel member

Experience

Dr. Richard Martinello
(Yale-New Haven Hospital)

Acquiring and getting approval for
UV antimicrobial devices in fighting
HAIs from a hospital administrator
perspective on UV device acquisitions.

Dr. David Pegues (U. of
Pennsylvania Health System)

Recently conducted studies that
highlighted the complexities and difficulties
in testing UV antimicrobial devices.

Dr. Chetan Jinadatha (Texas
A&M Health Science Center)

Brought insights into medical testing
requirements and practices applied to
UV antimicrobial devices.

James Golder (Federal Trade
Commission, Dallas)

Recent FTC actions regarding
misleading advertising by UV device
companies. Brought insights into how
efficacy standards could be applied to
prevent consumer issues.

Dr. Shelly Miller (Univ. of
Colorado)

Developing performance standards with
ASHRAE involving UV technologies.
Brought insights into how voluntary
industry standards are developed and
implemented.

Dr. Jennifer Pagan
(AquiSense Technologies)

Developing and bringing to market new
UV LED technologies. Brought insights
into LED and similar new technology
trends and possible applications.
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The panel was convened to explore the potential for and issues
around developing industry consensus based efficacy standards for UV-C antimicrobial devices used to combat hospital
acquired infections (HAIs) and multiple drug-resistant organisms (MDROs). Facts driving the discussion included:
• In the US, we lose almost 99,000 people per year to
hospital-acquired infections (HAIs), for example,
MRSA, C. diff, Acinetobacter, E. coli, vancomycinresistant enterococcus (VRE) and other bacteria resistant to first-line antibiotics.
• Medical research has shown that UV antimicrobial
disinfection devices are effective tools in fighting
HAIs, yet acceptance and fielding of UV technologies
has been slow, in part due to the complexities of evaluating the efficacy between competing devices.
• All antimicrobial products and devices, not used to
directly treat medical conditions, are regulated by EPA,
under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA).
• FIFRA regulations include efficacy standards for antimicrobial products (e.g., cleaning chemicals, sterilizers, etc.), ranging from
• “Sterilants” (e.g., 100 percent disinfected 100 percent
of the time), to
• “Disinfectants” (e.g., 100 percent disinfected 98 percent
of the time), to
• “Sanitizers” (e.g., 99.9 percent disinfected)
• Currently there are no FIFRA efficacy standards for
our UV antimicrobial devices, only a requirement that
manufacturers register with the EPA.
During the panel presentations, the current situation was characterized as a “Wild West” market due to the lack of standard
metrics for use by scientists investigating the microbial outcomes,
making it difficult to compare systems. Large emphasis was
placed on the difficulties in making large capital investment
decisions when there were questions about if UV-C devices can
reliably disinfect in a hospital environment, how durable are
they, how much does their use add to room turnaround times,
and does their use actually result in positive patient outcomes

(i.e., actual reductions in HAI infection rates)? Is the premium
cost for units with sophisticated engineering worth it?
This led to discussions of the significant cost/benefit uncertainties, which make the decision process and successful
implementation long, drawn-out and painful for hospitals,
already viewed as “the most expensive hotels in town.”
Proper implementation of UV-C technology is as important as
selecting the UV device itself. Questions abound, such as how
best to monitor usage of UV-C devices? Should all rooms be
treated or only MDRO rooms? What training is required and
how will using the devices impact staffing (both union and
non-union)? That the responsibility and ultimate ownership of
the devices and the results they deliver is often in doubt (e.g.,
is the owner infection control? patient quality? environmental
services? operations?) further clouds the issues around which
technology yields the best return-on-investment.
In addition to issues around ROIs and existing regulations or
lack thereof, the role of the federal government in protecting
consumers and competition from unfair or deceptive practices
also was discussed. The Federal Trade Commission (FTC) has
broad authority to prevent unfair and deceptive acts or practices in or affecting commerce, to include false and deceptive
advertising. This means that any health benefit, performance
or efficacy claims must be true and backed by sound scientific
evidence, to include testing, which must have real-world applicability. In short, if a company claims its UV device kills 99 percent
of X, Y and Z, then it must have competent and reliable scientific
evidence that proves its UV device kills 99 percent of X, Y and Z.
As for current state of the UV-C industry, upper room UV
applications have been used in health care facilities to combat
tuberculosis since the late 1940s, and UV technology is widely
applied in water purification systems worldwide. Standards
exist for UV application testing in both air handling systems
(e.g., ASHRAE SPC-185.1 and .2) and drinking water systems
(e.g., NSF/ANSI 55). As for developing such standards, it took
ASHRAE approximately three years to develop an airborne
efficacy testing plan now used for air handling systems.
Because no similar standards exist for surfaces, resulting in
the current “Wild West” mentality, the industry has avoided
significant investment in developing the UV devices for surface
treatment. If such standards were developed, they would be
welcomed by the industry, assuming they would provide a
means for standardized testing that would be systematic and
measurable, giving industry a clear, unambiguous target
for acceptable product performance, and a better means for
assessing the competing business priorities between pursuit
of air- vs. water- vs. surface-focused technologies.

As a result of the panel and the ensuing discussions – with
some of the questions and comments in Table 2 below –
several follow-up actions are underway. One is the development of a CRADA proposal by the author for consideration by
IUVA that would be submitted to EPA and other agencies for
their support in developing UV-C industry-based consensus
standards. In consideration of the panel and previous articles, SPIE (formerly the Society of Photo-Optical Instrumentation Engineers) is launching a new conference at the
SPIE Photonics West 2018 entitled “Photonic diagnosis and
treatment of infections and Inflammatory diseases” and has
issued an invitation for an abstract on the topic of UV-C standards.
Table 2. A sample of audience questions and comments

Question

Comment

Are there consultants who can
help in making selection decisions
for UV technologies?

Not as yet, as more evidencebased data is needed, to include
some foundational work to help
develop the standards.

Are we clear on what the problem
is to be regulated? What needs
to be cleaned, and how “clean” is
clean?

CDC has a list of 15 to 20 targeted
high-touch surfaces in hospital
rooms that are top priority. The
preliminary focus is on C-diff and
MRSA, and what’s required to
achieve Log-3 (99.9% clean) in
the terminal cleaning process (i.e.,
final room cleaning prior to moving
in a new patient). However, this
has not been formalized.

Are incoming water outlets a
source of HAIs?

With the exception of Legionella/
Legionnaires disease, classical
water-associated pathogens are
not considered serious players in
causing HAIs.

And, perhaps mostly importantly, investigators from Yale
University, the University of Colorado and Boston University are pursuing a grant from the Agency for Health Care
Research and Quality to better understand the outcomes of
UV-C surface disinfection complex lab and real-world health
care settings where different materials, room size and variance in angles and shadowing impact UV-C effectiveness.
These findings will be used to derive mathematical models
of UV-C function that then can be generalized to guide UV-C
use in a variety of different spaces. This would be followed
by a series of experiments and observations to update and
improve the models, to be performed during the implementation of UV-C in a large academic hospital. The findings from
this work and the modeling work then would be combined to
develop a “toolkit” to guide health care facilities developing
and implementing UV-C surface disinfection programs.
Updates on the results of these initiatives and others will be
reported in future issues. n
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