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A Message
from the IUVA President

Oliver Lawal

I’m sure that, like me, you enjoy the range of technical and application diversity that ultraviolet technology brings the
world. It has been, and will continue to be, a life- and environment-enhancing technology for the planet, whether people
directly feel it as a part of their life or not.

Allow me to highlight a few of the key technology and application areas that IUVA is currently touching:
•
•
•
•

•

Municipal drinking water has been positively influenced by the 2006 publication of the US EPA UV Disinfection Manual, which
introduced groundbreaking validation methods to the industry. Now, over a decade later, IUVA has been a key stakeholder in soon to be
published additional guidance. Thanks to all those members that have contributed.
Hospital-acquired infections (HAI) is a huge topic globally, costing significant lives and resources. IUVA has recently taken leadership
with health care providers, manufacturers, regulators and standards organizations (NIST) to develop guidelines for the use of UV
technology. Much more to come on this through a soon-to-be-launched web portal.
Ballast water treatment continues to promise huge market impact for UV technology and, as such, IUVA continues to bring together
leading stakeholders like at the Americas Conference in Redondo Beach, California, and the upcoming World Congress in Sydney,
Australia.
UV LED technology is intriguing to many as it brings new opportunities for growth in new applications. This was certainly on display
at the recent specialist UV LED conference in Berlin, Germany. This event exceeded expectations and showed exciting solutions but
also highlighted the need for more regulatory work. IUVA has gathered a task force of leading stakeholders to define state-of-the-art
guidelines.
Municipal reuse water has continued to grow over the past two decades, and the NWRI guidelines have continually evolved to keep
track. Details will be forthcoming of a new effort to provide further updates.

All these topics and many more will be discussed in detail at the 20th anniversary World Congress, to be held in Sydney, Australia, in early
2019. The call for abstracts has been made, and I encourage everyone to contribute topics for discussion, sponsorships to offer and new
products to exhibit.
This is a member-driven organization and, again, I would encourage everyone to seek opportunities to participate in our various committees,
councils and working groups to carry progress forward. As always, please do not hesitate to contact me directly with any questions or concerns
at oliver.lawal@aquisense.com or 859.869.4700.
Oliver Lawal, IUVA president
President and CEO, AquiSense Technologies

A Message
from the Editor-in-Chief

Jim Bolton

This issue of IUVA News has a special theme – UV disinfection of food and beverages – with four excellent articles. I
wish to thank Prof. Tatiana Koutchma, who did most of the organizing for this special issue. The themes for future issues
are reuse water for Quarter 3, and air and surface treatment for Quarter 4. If you would like to submit a paper for one of
these theme issues, please send it to the editor at editorinchief@iuva.org. The deadlines are Aug. 15 for the third-quarter
issue and Nov. 15 for the fourth-quarter issue.

This will be my last issue as editor-in-chief. As of July 1, Prof. Jim Malley will take over as the editor-in-chief. I will stay on as associate
editor. I have very much enjoyed editing IUVA News over many years.
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 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. Not only will you attract direct sales but also
enhance your image in the UV community. Send an email to Janet Dunnichay at janet@petersonpublications.com. She will send you the
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. In addition, 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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UV-C LEDs for Food Safety
Peter Gordon

LiTeProducts LLC
Contact: pgordon511@yahoo.com

Abstract
As a response to continued public health concerns about
food safety, the disinfection of food, its packaging and food
preparation surfaces are just a few examples of the diverse
applications being contemplated for the wider installation of
germicidal ultraviolet solutions among different points along
the safe food delivery chain. UV-C disinfection is a proven
technology that can offer an economically-sound, effective
and versatile dry-processing technology, which could improve
plant and consumer safety, extend shelf life and avoid spoilage
and waste. With the continued improvement in UV-C LED
performance, significant opportunities exist to design flexible
and configurable solutions effectively, innovatively providing
new processes, while advancing appropriate validation and
verification methods and approaches.
Introduction
According to the Centers for Disease Control (CDC), when
two or more people get the same illness from the same
contaminated food or beverage source, the event is called a
foodborne disease outbreak. In 2013, the CDC reported that
46% of such events were directly attributable to contaminated
fresh-cut produce (Painter et al. 2013). What had been touted
as the cornerstone of a healthy American diet, three servings
of fruits and vegetables daily, was instead, when improperly
sanitized, understood to be a potential public health hazard.
Although it was acknowledged that healthy foods must be
safeguarded, not much has changed since. Recently, Food

Safety News (2017) noted that pathogen laden fresh produce
still remains among the top public health concerns after yet
another leafy green recall. On April 19, 2018, the New York
Times (2018) reported contaminated cut romaine lettuce,
harvested in Yuma, Arizona, continues to cause serious
illness, and one reported death, across many states unabated.
Particularly problematic is the contamination of apples,
cucumbers, and the aforementioned leafy greens by pathogenic
bacteria, such as salmonella, listeria and E. coli O157:H7.
Contamination can be introduced at various points along the
food handling spectrum from production, through harvesting
and processing, and then transport, storage or during display
or preparation, ultimately infecting unprotected consumers
(Nüesch-Inderbinen and Stephan 2016). The encouraging
news is that because of such concerns, efforts into improving
methods to effectively reduce and eliminate disease causing
pathogens and food spoilage organisms have increased
substantially at intervention points along the supply chain.
Investigations have particularly focused on microbial
reductions closer to the production, since when contamination
happens early in the production or processing cycle, the ripple
effect of outbreaks becomes wider spread.
Unfortunately, arising from increased imports, lax controls
as new food delivery mechanisms emerge and the high
volume of food processed, contaminated food continues

Figure 1. Color-coded intervention points. Image courtesy of the Food Safety Summit 2018.
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to be introduced into the supply chain. This is alarmingly
problematic because contamination is not detected until
closer to consumption, so developing and validating newer
disinfection techniques and technologies at later intervention
points, as well as increased regulatory vigilance, as shown
in Figure 1, has taken on increased significance. As a result,
the application of germicidal ultraviolet light (UV-C) has
emerged as a key technology to protect consumers from
exposure to foodborne pathogens (Ribeiro et al. 2012) at each
colored coded intervention interface.
Utilization of germicidal UV-C
The acceptance by the US Food and Drug Administration
(FDA) of UV-C as a safe alternative to thermal pasteurization
of juice products to further the preservation of different foods
and extend their shelf life has also been an innovation driver
to position UV-C as an effective disinfectant against spoilage
organisms (Koutchma 2014). The key drivers of UV-C
treatment have been its relatively low cost compared to other
treatments, non-thermal and non-chemical character and
dry, residue-free, non-toxic processing nature. However, the
UV-C efficacy depends greatly on the species of pathogen, the
variety of produce, whether the food is whole, partially intact
or fully cut, the initial degree of microbial contamination,
the topography of the plant surface and where in production
cycle the intervention takes place (Tarak et al. 2016). All
these factors pose hard to overcome challenges to the wider
deployment of germicidal light.
The conventional way of generating UV-C light is to use
high-voltage, arc-discharge mercury or amalgam lamps that
can generate photons solely at 253.7 nm. Engineering the
efficient delivery of UV-C light and validating its efficacy
is practiced worldwide for a variety of applications. They
have been historically proven to be effective for municipal
drinking water disinfection and, more recently, hospital
surface sanitation. They are perceived as a viable solution
by their intended user base. Acceptance of UV-C as a
germicidal agent has become even more critical as bacteria
acquire increasing antibiotic resistance and mounting global
pressures on the environment stress safe food and sufficient
clean water supplies.
Unfortunately, the use of these UV-C light sources is generally
not viewed as food plant or food preparation area friendly.
The equipment that houses them is bulky and requires
significant setup expenses and ongoing operational safety
controls to optimize germicidal light delivery, as well as to
provide requisite worker protection. Although they require
less electrical power than other non-thermal processing
technologies (Koutchma et al. 2016), they are a challenge to
clean and maintain. In addition, they do not operate efficiently

If UV light holds such potential, what
other germicidal light sources, especially
mercury-free ones, are available to utilize?
The answer has been found in exploring
the application of germicidal light emitting
diodes (LEDs) to food safety.
in cold temperatures and, because of limited lamp lifetime,
scheduled lamp replacement is necessary. For the sake of
completeness, one also could envision using broad spectrum
xenon lamps or cold cathode lamps as an alternative. These
lamps may partially overcome cold temperature output
degradation, in refrigerated environments, but do not
overcome other food safety deployment limitations, such
as placing breakable quartz lamps, most of which contain
mercury, although encased in Teflon® sheaths to contain
the shards and toxicity, in close proximity to leafy greens
and edibles. Mercury exposure is recognized as dangerous
to human health, and there are treaties limiting its use
(Bloomberg News 2017).
All these issues beckon the question, if UV light holds such
potential, what other germicidal light sources, especially
mercury-free ones, are available to utilize? The answer
has been found in exploring the application of germicidal
light emitting diodes (LEDs) to food safety. If UV-C LEDs’
performance has been extensively studied and proven-in for
low flow, point of use, drinking water treatment (Pagan and
Lawal 2015), their effectiveness continues to be optimized by
synergistic blending of wavelengths (Beck et al. 2017), and
as their manufacture and application knowledge matures and
becomes widespread (Chen et al. 2017, Lawal et al. 2018),
why not also apply them to sanitizing and extending shelf life
of fresh produce?
A role for UV-C LEDs
UV-C LEDs are small, robust, low-cost, energy-efficient,
require no warm-up time, contain no toxic elements and
emit light at multiple individual wavelengths within the
UV-C range. The devices also operate efficiently at low
temperatures, which is a critical component of fruit and
vegetable processing. Additionally, UV-C LEDs enable
flexible mechanical design over rigid lamps and their required
bulky ballasts, overcoming some deployment obstacles by
allowing configurable light delivery.
Ongoing research at Agriculture and Agri-Food Canada
(AAFC), and other institutions, has indeed shown the
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effectiveness of select wavelengths of UV-C LEDs against
the aforementioned list of salmonella, listeria and E. coli
O157:H7 (Green et al. 2017).
Perhaps even more enlightening, parallel work has reported
that UV-A LEDs at 365 nm and near UV LEDs emitting at
wavelengths at 405 nm and blue LEDs emitting at 460 nm
have also been shown to reduce infectious pathogens on food
(McKenzie et al. 2014, Guffey et al. 2016). Although these
wavelengths have a different inactivation mechanism, which
produces a weaker antibacterial effect for the same delivered
UV dose than those of UV-C LEDs, their attributes may
overcome other UV treatment limitations because of improved
emitted light interactions with rough irregular surfaces and
their established user safety during exposure. There may be
lessons gleaned from their deployment in healthcare settings
(Maclean et al. 2013) that may be applicable to their use for
fruit and vegetable safety. In addition, building on the work
in point of use water treatment, synergistic inactivation
wavelengths could be identified that could overcome identified
challenges and drive optimized germicidal light treatment.
Multi-wavelength approaches –
combining UV-C LEDs with 405 nm LEDs
A 1978 microbiology experiment was prescient. Among
several findings, Tyrrell and Peak (1978) reported a lethal
interaction between various monochromatic wavelengths
in the repair-proficient E. coli K-12 strain AB 1157, except
in the case of pre-exposure to 405-nm, which resulted in a
protection against the inactivation resulting from subsequent
exposure to 365 nm or 254 nm radiations. Put another way,
in the context of applying LED technology to food safety, the
germicidal efficacy can be improved by combining different
LED wavelengths to produce a synergistic inactivation effect
and solutions can be fine-tuned to produce the most effective
inactivation wavelengths for a particular food in a specific
food handling environment in a way that also protects workers
and food handlers. Selectivity and combinatory outputs of
LED opens the door to creative end-product designs for
deployable along the food supply chain.
To test out this assertion, the first in a planned set of
experiments was conducted that utilized the test fixture shown
in Figure 2. This fixture contains arrays of 275 nm and 405
nm LEDs and enables micro adjustments of exposure times
and intensities of each wavelength. Challenged by E. coli,
the dual wavelength approach successfully demonstrated
the expected synergistic pathogen reduction effects. Hence,
utilization of this dual wavelength approaches could address
problematic contamination of fruits and vegetables aiming
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to ameliorate public health concerns. The method is adaptive
and scalable and can be fine-tuned to multiple food safety
applications as well. Such insights undergird defensible
claims found in an associated pending patent (Gordon 2017).

Figure 2. Dual wavelength 275 nm/405 nm LED test fixture

Conclusion
Germicidal light holds great promise for advancing food
safety. As more experimentation and validation work is
conducted, scalable, tunable, nimble, configurable and tailored
multi-wavelength LED-based light fixtures could emerge as
environmentally friendly solutions to save energy, save water,
reduce costs, lower reliance on toxic chemicals, improve worker
and consumer safety and extend fruit and vegetable shelf life.
They present a new technological solution with enormous
potential for control of dangerous pathogens and forestalling
spoilage throughout the supply chain from farm to fork. n
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Novel Industrial UV-C System
for Preservation of Fruit
and Vegetable Juices
Motti Koren and Dror Livne
AseptoRay Ltd.
Contact: motti@mgt.co.il

Abstract
A novel industrial UV-C system was developed by AseptoRay
Ltd. according to regulatory requirements and tested for
preservation of a variety of categories of fruit and vegetable
juices. The effects of 100% lamp energy output were
measured on the reduction of indicator organisms, natural
juice microflora, physical, quality, nutritional and sensory
attributes. The AseptoRay unit was able to achieve a range
of logarithmic count reduction (LCR) of the E. coli indicator
organism between 5.0 and 8.1 in fruit juices at the flow rate
of 1000 L h-1. According to the effects on natural microflora,
the AseptoRay UV-C treatment of juices potentially can
provide shelf lives of juice products during refrigerated
storage similar to that for products treated with high pressure
with no effects on the juice’s essential attributes.
Introduction
The growing consumption of fruit and vegetable juices has
been attributed to the perceived health benefits of reduced
calories and the “all natural,” “made of organic ingredients”
message based on high contents of enzymes, vitamins,
nutrients and bioactive constituents. To achieve these
attributes, the juice products are minimally processed using
cold-pressing extraction methods and preserved through
treatment by novel, non-thermal processing methods such as
high hydrostatic pressure, pulsed electric fields or UV light.
Ultraviolet-C (UV-C) light at 254 nm is an alternative
non-thermal processing technology that has been approved by
the US FDA and Health Canada for the pasteurization and shelf
life extension of juice products (Health Canada 2003, US FDA
2001). UV-C light treatment is a less expensive and energy
saving continuous process that is effective against all food
borne pathogens, natural microbiota, moulds and yeasts and
extends the shelf life of juices and nut-based beverages with
minimum impact on quality and nutritional attributes while
using various types of packaging (Koutchma et al. 2016).
The regulatory approval of UV-C light emitted by low-pressure
mercury lamps at 253.7 nm for juice products, and the growing
premium juice market, opened new opportunities for the
development and commercialization of novel UV-C systems.
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However, to achieve high-performance efficacy of UV-C
light in products with low UV transmission (UVT), such as
fresh, non-clarified juices, new engineering approaches have
been developed that differ from those normally employed
for water treatment. Due to UVT challenge, UV-C systems
use thin film laminar, annular turbulent or Dean flow regimes
in coiled tubes to treat fluids, such as juice suspensions
(Koutchma et al. 2016). To address this challenge, a novel
UV-C commercial unit has been specifically developed for
treatments of low UVT and opaque juices and other beverages.
AseptoRay’s industrial UV-C unit (MGT Industries Ltd.
Ma’alot-Tarshiha, Israel) consists of the following major
modules: (1) inlet valve, (2) product pump, (3) main control
board, (4) ballasts board, (5) air vent, (6) reactor chamber, (7)
balance tank, (9) recirculation valve, (10) product valve, (11)
skid and (12) rector fan (see Figure 1).

Figure 1. Schematic drawing of AseptoRay’s industrial
UV-C processing unit

The UV-C chamber of the unit contains UV-C transparent
food grade approved polymer tubing that is surrounded by
low-pressure amalgam lamps. The unit delivers light photons

to the entire sample volume when it is pumped in
turbulent flow through the tubing. The use of foodgrade polymer tubing in food processing facilities
ensures that safety and HACCP requirements are
met by eliminating the hazards associated with
the use of glass. The UV-C dose level can be
adjusted for each individual product based on their
absorption and rheological characteristics and
microbial reduction requirements. Temperature
sensors control air and product temperatures in the
UV-C chamber, whereas UV-C sensors monitor
the incident intensity of UV-C light and absorbed
light that is delivered to the treated product.
The size and geometry of the tubing along with
product flow rate, create a turbulent flow regime
with effective spontaneous mixing. There are no
moving parts in the system’s UV-C chamber.
Microbiological effects
To test performance efficacy of the AseptoRay
UV-C unit, numerous microbiological tests were
conducted to determine the effect of UV-C dose
on the natural microbiota, such as the aerobic Figure 2.The efficacy of AseptoRay 1000 UV-C System for reduction
and anaerobic total counts, lactic acid bacteria, of E. coli bacteria in fruit juices
coliforms, yeasts and moulds, that can affect the
storage stability of the juices. Additionally, tests for evaluating in fruit juices obtained as an average of all tests is shown
compliance with HACCP 5-log reduction requirements with in Figure 2 demonstrating that the AseptoRay UV system
regards to pertinent pathogenic organisms were performed.
achieved higher than 5 LCR in all tested products.
A variety of juice products, black and green tea inoculated
with a different type of bacteria (Escherichia coli ATCC
35218, yeasts and Bacillus Atropheus spores) were treated
with three models of the AseptoRay UV system processing
at throughput of 1000 L h–1 (4.4 gpm), 3000 L h–1 (13.2 gpm)
and 8000 L h–1 (35.2 gpm). E. coli ATCC 35218 has been
used as an indicator bacterium because its UV sensitivity is
lower than that of common pathogenic bacteria (Orlowska et
al. 2014).
Particularly, the tests were conducted using 10 types of highacid juices (pH < 4.6), such as apple juice (clear and turbid),
orange juice (clear and turbid), tropical juice, cherry blueberry
juice, cranberry and grape juice. Additionally, four types of
low-acid juices (pH > 4.6) and beverages were tested, such as
coconut water, sea buckthorn juice, wheatgrass juice, celery,
carrot juice and black tea.
The results of juice inoculation tests with E. coli ATCC 35218
showed that treatment with AseptoRay unit was capable
to achieve a range of logarithmic count reduction (LCR)
between minimum of 5.0 in tropical juices and 8.1 in clear
apple juice at the flow rate of 1000 L h–1. The LCR of E. coli

The UV treatment using AseptoRay1000 system was also
effective against Bacillus Atropheus spores in sea buckthorn
juice and coconut water by achieving average of 5.6 and 5.4
log reduction respectively.
To determine the effect of UV-C treatment at 100% lamp
energy output, corresponding to an applied UV energy of
2.93 kJ L–1 on the natural microbiota that determines the
storage stability of juices, the trials were conducted using
cold-pressed green juice blend (GJB) (Biancaniello et al.
2018). The total applied UV-C energy (EUV, J L−1) (Equation
(1)) was evaluated based on the number of UV-C sources (N)
turned-on with single-source power (PUV, W) and volumetric
flow rate of treated juice (Q, L s-1)
EUV = (PUV × N)/Q				

(1)

GJB contained cucumber, apple, spinach, kale, ginger and
lemon juice at pH 3.79, 6.7 oBrix. Microbiological results for
aciduric total count (Ac Count), aerobic colony count (ACC),
lactic acid bacteria (LAB), coliforms, yeasts, moulds and E.
coli after exposure of the GJB to UV-C are shown in Table
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1. The treatment at 100% UV-C exposure resulted in similar
reductions in aciduric and aerobic total log count reductions
of 3.7 and 3.9, respectively. LCRs of approximately 2.1 were
observed for both moulds and yeasts. E. coli, lactic acid
bacteria and coliforms were not detected in any of the GJB
UV-C treated samples. UV-C treatments ranging from 0.2 –
3.6 kJ L−1 have led to 1.0 – 3.0 log count reductions for these
microorganisms in fruit juices.
Table 1. Log (CFU/g) and LCR of aciduric total count, aerobic
colony count, lactic acid bacteria, coliforms, yeasts, moulds
and E. coli, of untreated and treated GJB at 100% UV-C
energy output with a commercial UV-C unit at 1000 L h–1.

Log
(CFU/g)
Untreated

Log
(CFU/g)
Treated

LCR

Aciduric total
6.39 ± 0.7a
count

2.7 ± 0.1b

3.7 ± 0.1

Aerobic total
count

6.8 ± 0.2a

2.88 ± 0.04b

3.9 ± 0.2

Lactic acid
bacteria

4.6 ± 0.04

ND

>3

Coliforms

3.4 ± 0.05

ND

>2

Yeasts

4.0 ± 0.5a

1.91 ± 0.05b

2.1 ± 0.7

Moulds

4.5 ± 0.25a

2.4 ± 0.1b

2.1 ± 0.2

E. coli*

ND

ND

ND

* Not detected = ND
Note: Different superscript letters in the same row indicate a
significant difference between means (p <0.05).

Efficacy of UV-C vs. high hydrostatic pressure
processing (HPP)
The microbial efficacy of UV-C in GJB at 100% energy
output was compared with HPP treatment at 600 MPa for five
min that is used as standard industrial practice. The effects of
both treatments on natural microflora (Ac count, ACC, LAB
and coliforms) were measured as LCR in GJB immediately
after cold-pressing operation. UV-C system cleaning in place
(CIP) was performed to ensure no cross contamination. The
results of LCR shown in Figure 3 on page 11 demonstrated
higher or similar efficacy of AseptoRay system at 100%
energy output in reduction of ACC, LAB and coliforms.
Effects on quality, nutrients, vitamins and sensory
In terms of UV-C effects on physical parameters and the
quality of green juice blend, there was little to no change in
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the measured parameters. Identical values for total soluble
solids, pH and titratable acidity were found for the untreated
and treated GJB. No significant change (p > 0.05) in viscosity
was detected in the treated samples. L*, a*, b* and ΔE for
darkness/brightness, redness/greenness, yellowness/ blueness
and total colour difference respectively have been evaluated.
A colour difference scale based on ΔE values (not noticeable
= 0 to 0.5, slightly noticeable = 0.5 to 1.5, noticeable = 1.5 to
3.0, well noticeable = 3.0 to 6.0, greatly noticeable = 6.0 to
12.0) was adapted from (Koutchma et al. 2016).
UV-C treatment in AseptoRay unit had a “noticeable” (1.5 <
ΔE < 3.0) effect on the sample treated at 100% output energy.
The samples experienced changes to L* and a* that were both
“slightly noticeable” (Δa = -0.69), and a “noticeable” change
in b* (Δb = -1.8). However, there was no clear difference
between the treated and untreated juice samples that could be
detected by eye. Also, no significant reduction (p > 0.05) in
protein content, total phenolic content (TPC) or antioxidants
activity (ORAC and DPPH) was found for the UV-C treated
green juice.
A triangle test was used to determine whether there is a
noticeable difference in overall sensory qualities between two
control GJB samples and one treated juice sample. A ninemember panel evaluated the differences between untreated
GJB and GJB treated at 100% UV energy. The panellists
gave four correct and five incorrect responses. These results
indicate that there is no significant difference between the
treated and untreated GJB.
Also, quality and sensory tests have been carried out to
evaluate odour, colour and taste after the UV-C treatment of
celery, apple, orange and beat juices, coconut water and tea.
The tests were performed using blind triplicate test ABB by
a panel of eight to 12 people. No changes were found in all
tested juices. Minor change was found in almond nut milk
beverage and lemonade juice.
The effects of the AseptoRay UV-C unit on nutritional
attributes, such as the level of vitamins A, K, E, C, B2,
B6, folic acid and carotenoids were measured in fruit and
vegetable juice products that presented green, roots and citrus
categories. The untreated products were compared with
UV-C treated juice samples using standard methods in the
certified laboratory after one pass through the unit at 100%
lamp energy output. The results are presented in Table 2 on
page 11.
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Figure 3. The efficacy of the AseptoRay UV system compared to HPP treatment for LCR of natural microflors in a green
blend juice
Table 2. Vitamin and carotenoid (beta carotene) content in three juice categories in undreated and UV-C treated products

Juice
# of passes

Greens
1

Roots
1

Citrus
1

Vitamin A (total)

Untreated (RE/100 g)
Treated (RE/100 g)

28
28

108
128

3*
5*

Vitamin A
(beta carotene)

Untreated (μg/100 g)
Treated (μg/100 g)

169
165

647
736

20
29

Vitamin K

Untreated (μg/100 g)
Treated (μg/100 g)

6.9*
10.5*

< 10
< 10

< 10
< 10

Vitamin E

Untreated (mg/100 g)
Treated (mg/100 g)

0.14
0.13

0.17
0.16

0.24
0.24

Vitamin C

Untreated (mg/100 g)
Treated (mg/100 g)

3.9
3.9

2.7
2.8

54.9
52.6

Folic acid

Untreated (μg/100 g)
Treated (μg/100 g)

5.1*
3.7*

2.4
2.4

34.0
34.4

Vitamin B2

Untreated (mg/100 g)
Treated (mg/100 g)

0.02
0.02

0.02
0.02

0.01
0.01

Vitamin B6

Untreated (mg/100 g)
Treated (mg/100 g)

0.06*
0.08*

0.06
0.06

0.03
0.03

Nutrient
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The uncertainties analysis for the tests was provided by the
certified laboratory that presented data with 95% confidence
limit. According to the analysis of uncertainties and
discussions with the laboratory, it can be concluded that there
is no significant difference in the overall nutritional profile of
the juices pre- and post-UV treatment at 100% lamp energy
output.

UV-C treatment of a cold-pressed acidified
green juice at applied UV energy of
2.93 kJ L-1 led to a reduction in natural
microbiota, yeasts and moulds.

Karl Platzer • Oliver Lawal • Fred van Lierop • Michael Santelli •
Henry Kozlowski • Dr. Jim Bolton • Walter Blumenthal

The new UV Expert Team
Consulting in the industry!

Conclusions
The industrial AseptoRay1000 UV system at operating UV
energy level of 2.93 kJ L-1 and flow rate of 1000 L h-1 proved
to be efficient in achieving 5-log microbial reduction of
indicator organisms in high-acid fruit juice products. These
processing conditions were effective in reducing counts for
spores, such as Bacillus atropheus, in low-acid products.
Also, UV-C treatment of a cold-pressed acidified green juice
at applied UV energy of 2.93 kJ L-1 led to a reduction in
natural microbiota, yeasts and moulds without significantly
altering physical, quality, nutritional and sensory parameters
and had similar effectiveness with industrial HPP treatment.
The lower initial investment, operating costs, packaging
flexibility and size requirements associated with industrial
UV-C treatment show the feasibility of this technology as the
primary non-thermal processing alternative for the premium
fruit and vegetables juice category. n
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Status of International Regulations
for Ultraviolet Treatment of Foods
Tatiana Koutchma, Ph.D.

Agriculture and Agri-Food Canada
Contact: tatiana.koutchma@agr.gc.ca

Abstract
Ultraviolet (UV) treatment is a new technology that is used
as an alternative to thermal processing to produce microbiologically safe foods with better quality, extended shelf-life
and often with enhanced health benefits. Before food manufacturers can use any new UV process and product can be
sold, the thorough regulatory assessments and evaluations
of their safety have to be conducted. This article provides
an analysis of major international approaches for the regulation of UV light for treatment of foods, feed and ingredients.
The essence of food additive and novel foods regulations is
discussed. The approved UV applications in the US, Canada
and European Union (EU) for juice and milk products, mushrooms and yeasts are described and analysed.
In the last two decades, UV technology started quickly
emerging in food production and processing. UV treatment is
used to produce not only microbiologically safe foods but also
products with better quality and, more often, with enhanced
health benefits. The principal commercialization hurdles
related to investment costs, full control of variables associated
with the process operation and lack of regulatory approvals
and guidelines have been delaying a wider and faster implementation of UV technology at the industrial scale.
In food industry, before any new or novel process can be used
and product can be sold, the thorough assessments and evaluations of process and product safety have to be conducted by
regulatory agencies. Potential microbiological, toxicological
or nutritional concerns that can result from new processing
or preparation techniques must be assessed. This article
will briefly review existing international regulations that
approved processes, processed foods, beverages and ingredients produced using UV continuous light. The differences in
safety evaluation of UV treated foods by government agencies
around the globe, such as food additive in the US and novel
foods regulations in Canada and the EU, will be presented.
US FDA: food additive approach
According to CFR 21 part 179 (US FDA 2001), the US FDA
considers UV light as radiation along with ionizing radiation,
radiofrequency radiation, pulsed light and carbon dioxide
laser and a source of radiation used to treat food is defined
as a food additive (1). The additive is not literally added to

food. Instead, a source of radiation is used to process or treat
food such that, analogous to other food processes and its use
can affect the characteristics of the food. In assessing the
safety of foods treated with all forms of radiation, the agency
considers microbial efficacy, changes in chemical composition of the food that may be induced by the proposed treatment, including any potential changes in nutrient levels.
Juice products
In 2000, the US FDA amended the food additive regulations
to provide for the safe use of UV radiation at 253.7 nm to
reduce human pathogens and other microorganisms in juice
products. It was determined that the amount of UV irradiation
necessary for human pathogen reduction would depend on the
type of juice, the initial microbial load and the design of the
irradiation system (e.g., flow rate, number of lamps and time
exposed to irradiation). Therefore, the FDA did not specify a
minimum or maximum UV dose by regulation but concluded
that this should be achieved for individual usage situations in
a manner consistent with good manufacturing practice.
In addition, the FDA expects that the maximum dose applied
to the juice will be economically self-limiting due to the costs
associated with UV irradiation. Also, the levels of UV irradiation applied to the juice will be limited by the possible alterations in quality, nutritional and organoleptic characteristics of
the juice (i.e., changes in taste or color) after UV irradiation,
and changes that may result in decreased consumer acceptance.
Surface and potable water
Other approved applications of UV radiation for the
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processing and treatment of foods are surface microorganisms control and sterilization of potable water. Low-pressure
mercury lamps at 253.7 nm are approved as radiation sources
with the limitations in terms of ozone production.
The essential treatment conditions in terms of intensity, flow
patterns and product requirements are outlined in the US
FDA CFR 21 179.39 (Table 1) (US FDA 2001).
UV pasteurized water for dairy industry
In 2009, FDA Pasteurized Milk Ordinance (PMO, 2009)
approved UV disinfection to create pasteurized equivalent
water for use in cleaning and rinsing applications. The regulation states that UV light shall be applied so that the entire
volume of water receives at least the following dose when
used as pasteurized water:
• Low-pressure UV at 254 nanometers at a UV dose of 186
mJ cm-2 or a 4-log adenovirus equivalent.
• Medium-pressure UV at 120 mJ cm-2 or a 4-log adenovirus equivalent.
Other requirements include various control elements to
ensure the all water volume receives the minimum dose of
UV light, real-time monitoring to ensure the dose is consistent and cleaning protocols to ensure the system always
works at peak performance.
Baking yeasts
The US FDA has approved UV light treatment of baker’s
yeast to convert endogenous ergosterol to vitamin D2. The
FDA concluded that the use of UV light-treated baker’s yeast
does not pose a safety concern, since the UV light treatment
has been shown not to produce any new components of toxicological concern that could be introduced into the diet (US

FDA, 2012, 21 CFR Part 172, 381). Vitamin D2 baker’s yeast
may be used safely in foods as a source of vitamin D2 and as
a leavening agent.
Novel foods regulations
In six countries, UV treated food products belong to the
category of Novel Foods, including the EU, Great Britain,
Canada, Australia, New Zealand and China. Novel foods
and ingredients are regulated in a varying manner in each
country with the majority of systems based on a risk or safety
assessment review model and most countries also requiring
notification and approval. In general, foods that result from a
process that has not been previously used for food production
are considered as novel foods. Novel foods are also products
that do not have a long history of safe use as a food.
Health Canada/Canadian Food Inspection Agency
Apple juice and cider
Foods and feed that result from a UV process that has not
been previously used for their production are considered
as novel foods and novel feed. Companies are required to
submit detailed scientific data for review and approval by
Health Canada or Canadian Food Inspection Agency (CFIA)
before such products can be sold. In 2004, Health Canada
determined that there are no safety concerns, and it has no
objection regarding the sale of UV-treated apple cider using
commercial Cider Sure 3500 unit (FPE, Rochester, NY) to
achieve a reduction in the microbial load of apple juice and
cider products (Health Canada, 2004).
European Union (EU)
Novel food regulations that came into effect in 2018 specify
that a food product should be considered a novel food when
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Table 1. US FDA CFR 21 179.39 – UV for treatment and processing foods

Irradiated food

Limitations

Use

Food and food products

Without ozone production: high-fat content food irradiated
in vacuum or in an inert atmosphere; intensity of radiation,
1 W (of 253.7 nm radiation) per 5 to 10 ft2.

Surface microorganism
control

Potable water

Without ozone production; absorption coefficient,
0.19 cm–1 or less; flow rate, 100 gal/h per watt of 253.7
nm radiation; water depth, 1 cm or less; lamp-operating
temperature, 36 to 46°C

Sterilization of water used
in food production

Juice products

Turbulent flow through tubes
with a minimum Reynolds number of 2,200

Reduction of human pathogens
and other microorganisms
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it results from a production process not used within the Union
before 15 May, 1997, and which gives rise to significant
changes in the composition or structure of a food affecting
its nutritional value, metabolism or level of undesirable
substances (REGULATION (EU) 2015/2283).
Milk
In January 2016, the European Food Safety Authority (EFSA)
approved usage of UV light as a milk post-pasteurization treatment due to the nutritional value of such a treatment (EFSA,
2016). The novel food is cow’s milk (whole, semi-skimmed or
skimmed) to which a treatment with ultraviolet (UV) radiation
at 253.7 nm is applied after pasteurization to extend the shelf life
of the milk and to increase vitamin D3 concentrations by conversion of 7-dehydrocholesterol to vitamin D3. The EFSA panel
concluded that the novel food, UV-treated milk, is safe under the
intended conditions of use as specified by the applicant.
Bread
In 2014, the EFSA (EFSA, 2018) approved application of
the equipment manufacturer for UV treatment of bread. The
permission was issued for sale of yeast leavened bread and
rolls that can be UV treated after baking to convert ergosterol
to vitamin D2 (ergocalciferol) at the maximum level of 3 μg
vitamin D2 per 100 g. The permitted UV irradiation process
is within the wavelength of 240 to 315 nm for maximum of
5 s with a UV dose of 10 to 50 mJ cm-2. Other authorized
UV-treated products that are included in the new EU union
list include mushrooms and baker’s yeast (EFSA, 2018).
Food Safety and Standard Authority of India
Milk
The Food Safety and Standard Authority of India (FSSAI)
regulates and defines novel foods as “an article of food for
which standards have not been specified but is not unsafe;
provided that such food does not contain any of the foods
and ingredients prohibited under this Act.” In 2013, based
on the application and supporting documents, the scientific
committee of the FSSAI gave raw milk treated with a SurePure UV system the status of “Process Approval.”
Israeli standard
Milk
The Israeli standard is based on Israeli standard 82 and codex
247-005, both of which state that the pasteurization of milk is
determined based on the quality of the treatment. That is, the
reduction of microorganism to a set standard and is not dependent on the method (i.e., temperature). In 2017, the Israeli food
regulations agency approved the use of UV light to reduce
microbial load in pasteurized milk. The health committee
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approved the application from the AseptoRay Company to
treat pasteurized milk with UV at 200 to 300 nm using a turbulent flow regime. The treated milk must be free from microbial
contamination and will be labeled according to Israeli regulation as “UV-treated” and will be subjected to any changes in
the Israeli regulation. In case of increase of vitamin D3 in the
milk, it will be labeled as “Vitamin D content was produced
by UV treatment” or similar statement. The manufacturer is
responsible for the product safety and quality.
Conclusions
Growing interest and fast spreading of UV technology in food
production and processing around the globe dictates a need
for acceleration of regulatory approvals, harmonization and
globalization of regulations. There are several UV-treated
products – such as juice products, raw and pasteurized milk,
mushrooms, bread and bakery yeasts – that received regulatory
approvals and can be sold around the globe. The EU, Canada,
Australia and New Zealand have broadly similar approaches in
the regulation of novel foods. Pre-market safety assessment is
required before the UV-treated foods can be sold to consumers
in the US. However, the identification of these foods, the form
of pre-market assessment, the level of regulatory oversight and
the legislated powers of regulators do vary between countries.
Understanding the regulations for each country will assist
equipment manufacturers in getting their products and technology on markets faster and at the lower costs. n
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UV Industry News
Kati Bell, IUVA Immediate Past President,
Now with Brown and Caldwell
Brown and Caldwell announced the expansion of the firm’s
water reuse practice with the addition of Dr. Kati Bell, the
IUVA immediate past president. Bell
joined the firm as managing director
of water strategy. Based in Nashville,
Tennessee, she has more than 20 years
of professional and research experience
in water, wastewater and reuse. She is
internationally renowned for her applied
Bell
research and innovation, advanced
technical expertise and thought leadership. Bell has extensive
experience with the advancement of regulatory guidance,
having served as project manager for the development of the
most recent US EPA Guidelines for Water Reuse. She holds
a doctorate in environmental engineering from Vanderbilt
University, master’s degrees in civil engineering and biology
from Tennessee Technological University and a bachelor’s in
biochemistry from the University of Dallas.
PurpleSun Appoints New Chief Scientist
Dr. Wladyslaw (Wally) Kowalski, former chair of the IUVA
Air Treatment Group, has taken a position as chief scientist
with PurpleSun, Inc. of New York, New
York, an entrepreneurial firm developing
UV products for the health care industry.
Kowalski, who has published seminal
UV research and is the NASA subject
matter expert for ultraviolet germicidal
irradiation (UVGI), will be spearheading Kowalski
development and clinical testing of
products using PurpleSun’s proprietary focused multivector
ultraviolet (FMUV) shadow-less delivery™ light technology,
which provides disinfection in 90 seconds for operating
rooms, patient rooms and other hospital applications. For
more information, visit www.purplesun.com.
Stray Light Correction of an
Array Spectroradiometer in UV Spectral Range
An informative presentation explaining stray light as an error
source in UV array spectroradiometers and minimization
correction methods was presented by Mike Clark of
Gigahertz-Optik GmbH at the recent UV LED Technologies
& Applications Conference (ICULTA) in Berlin, Germany.
Topics included definitions/illustrations of an array type and
double monochromator spectroradiometer, stray light, its
causes and significance for UV measurement, suppression
techniques through optical design, mathematical correction

based on signal distribution function (SDF) characterization
matrix using a tunable laser and long pass plus bandpass
filtering with associated limitations. The implementation of
stray light suppression techniques into the spectroradiometer,
subsequent characterization, actual on-site testing and
consequences for UV LED measurement were also main
topics. For more information, visit www.gigahertz-optik.com.
Signify Announces New Company Name
Signify, Eindhoven, the Netherlands, launched a new company
name following the amendment of the company’s articles of
association changing its name from Philips Lighting N.V. to
Signify N.V. Signify will continue to use the Philips brand
for its products under the existing licensing agreement with
Royal Philips. The company expects the name change to be
implemented in all countries where it is active by the beginning
of 2019. For more information, visit www.signify.com.
Evoqua Provides AOP Treatment
Evoqua, Pittsburgh, Pennsylvania, supplied an ETS-UV™
disinfection system with Advanced Oxidation Process
(AOP) to the Central Coast
Blue Advanced Water
Purification Demonstration
Facility located at the
Pismo Beach WWTP in
California. The project
is a collaboration of five
communities,
including
Arroyo Grande, Pismo Beach, Grover Beach and Oceano.
For more information, visit www.evoqua.com.

IUVA a Sponsor of Electrification 2018
The International Ultraviolet Association is proud to be
an official Supporting Organization of the Electrification
2018 International Conference & Exposition, hosted by the
Electric Power Research Institute (EPRI) on Aug. 20-23 in
Long Beach, California. In addition to three plenary sessions
with more than a dozen notable speakers, the conference
will feature a full day of pre-conference workshops, three
days of breakout sessions and a diverse exposition show
floor. RadTech International North America is a Supporting
Organization as well. For more information, visit www.
electrification2018.com. n
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Feasibility of UV-C Treatment
to Mitigate Fungal and Mycotoxin
Loads on Postharvest Grain
Vladimir Popović, Agriculture and Agri-Food Canada, Guelph, ON, Canada
Contact: vladimir.popovic@agr.gc.ca

Abstract
The reduction of fungal and mycotoxin loads on model
surfaces and grain kernels using UV-C light at 253.7 nm was
explored. The reduction (>90%) obtained on model surfaces
suggests that the use of UV-C light to mitigate fungal (UV
dose 24 to 95 mJ cm-2) and mycotoxin (UV dose 15 J cm-2)
loads on grain contact surfaces is a feasible strategy. Furthermore, the partial reduction (62 to 79%) of naturally occurring mycotoxigenic fungal growth on maize kernels (UV
dose 5.0 J cm-2) is presented. Finally, challenges and possible
solutions for treating postharvest grain with UV-C light are
discussed.
Introduction
Fungal infections are one of the key factors responsible for
reduced global grain yields. Currently, immediate and effective drying of harvested grains is the most effective strategy
for preventing fungal proliferation. However, the high cost
of mechanical drying often leads to the use of ambient air
drying in the field. This can result in inadequately dried grains
during damp or rainy seasons. In storage, even small localized pockets of higher moisture can initiate fungal growth.
For example, xerophilic fungal species, such as Aspergillus,
have the unique ability to grow under low-moisture conditions. The proliferation and metabolic activity of just one
fungal species can lead to the development of microenvironments with elevated temperature and moisture (Magan et al.
2010). Soon after, less xerophilic and mycotoxigenic species,
such as Penicillium, can become established. Even more
difficult to mitigate are fungal species, such as Fusarium,
which typically infect crops on the field before harvest and
drying. Further, mycotoxigenic fungi can produce secondary
metabolites known as mycotoxins that can be detrimental to
human and animal health and can reduce the quality rating
of grains, thus making them difficult to market, export and
process. This article will explore the effect of UV-C light at
253.7 nm on mycotoxigenic fungi, as well as mycotoxins on
both model surfaces and grain kernels.
Reduction of mycotoxins and
mold on model surfaces
Reduction of fungal growth and/or mycotoxins on grains

18

IUVA News / Vol. 20 No. 2

and grain contact surfaces would decrease cross contamination of crops during handling and storage. Previous studies
have shown that Penicillium verrucosum typically contaminates grains during contact with harvesting machinery,
dryers and silos (Hocking 2003). The inactivation of various
food spoilage fungi on model surfaces, such as agar, using
UV-C light has been previously reported (Begum et al.
2009; Valero et al. 2007). However, limited research exists
on the characterization of grain fungi after UV-C treatment.
We have characterized the UV-C treatment of two common
mycotoxigenic grain fungi, F. graminearum and P. verrucosum, on a model agar surface and have determined that
the UV doses required to achieve a 90% decrease in growth
were 95 and 24 mJ cm-2, respectively (Figure 1) (Popović
et al. 2018).

Figure 1. Reduction of percent residual F. graminearum and
P. verrucosum growth using UV-C light at 253.7 nm on the
surface of agar

Murata et al. (2008) have shown that common grain mycotoxins, deoxynivalenol (DON) and zearalenone (ZEN), can
be reduced by >90% on the surface of filter paper using UV-C
light. These results were confirmed, and the reduction of
another common mycotoxin, ochratoxin A (OTA), was also
characterized. (Figure 2). Using a UV dose of 15 J cm-2, the
reduction of DON, ZEN and OTA was 97 ± 0%, 75 ± 5%, and
91 ± 1% on filter paper, respectively (Popović et al. 2018).
Together, these results confirmed that UV-C light can be used
to reduce the growth of F. graminearum and P. verrucosum,
as well as DON, ZEN and OTA on model surfaces.

ment of the entire surface of a single layer of grain kernels in
a static regime (Figure 3). Identical irradiance, as determined
using a radiometer and a germicidal sensor, was applied to
grain kernels from two sets of lamps positioned above and
below the samples.

Figure 2. Reduction of DON, ZEN and OTA percent
residual content on the surface of filter paper using UV-C
light at 253.7 nm

Challenges in UV-C treatment of grain kernels
The biggest hurdle in reducing mycotoxin and fungal loads
on grain using UV-C light is the fact that established fungal
infections eventually migrate inside the kernel germ and away
from the surface, where they become less susceptible to UV-C
light. This is also where the bulk of the produced mycotoxins
are located. Hence, it is plausible that UV-C treatment would
be most effective immediately following harvest before
this occurs. Further, treatment of irregular 3D objects, such
as grain kernels, presents a challenge in itself as the entire
surface area must be exposed to UV-C light. To circumvent
this issue, a benchtop 3D UV-C chamber (Radiant Industrial
Solutions; Houston, USA) was used, which allowed for treat-

Figure 3. The 3D UV-C chamber used for the treatment
of grain kernels was coated in reflective material and
contained a UV-C permeable sample tray in between 12
lamps emitting light at 253.7 nm

Reduction of fungal growth on grain kernels
Previous studies have shown that naturally occurring fungal
growth on grains can be partially reduced using UV-C light.
Paez et al. (2011) have shown a 43 to 52% reduction in
Fusarium spp. growth on two strains of maize, while Hidaka
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Figure 4. Development of Fusarium spp. (left) and Penicillium spp. (right) on maize kernels incubated on 2% water agar
over 20 days at ambient temperature
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Figure 5. Effect of UV-C treatment on the growth of Penicillium spp. and Fusarium spp. on maize kernels incubated on 2%
water agar over 20 days at ambient temperature

and Kubota (2006) have shown a 90% reduction of Aspergillus and Penicillium spp. on wheat kernels using an industrial UV-C unit at 253.7 nm and a UV dose of 195 J cm-2.
The reduction of naturally occurring Penicillium spp. and
Fusarium spp. growth on dried wheat and maize kernels was
characterized post UV-C treatment. Following treatment, the
kernels were incubated on 2% water agar at ambient temperature and the development of fungal growth was monitored
over 20 days (Figure 4 on page 19).
Maize kernels treated with a UV dose of 5.0 J cm-2 showed
a 79% reduction in Penicillium spp. growth after 20 days in
comparison to the untreated kernels (Figure 5) (Popović et
al. 2018). Penicillium spp. growth was not observed on any
tested wheat kernels. Similarly, a 62% reduction in Fusarium
spp. growth on maize kernels was observed using a UV dose
of 1.0 J cm-2. However, no significant (p > 0.05) reduction in

Fusarium spp. growth was observed on UV-C treated wheat
kernels.
The reduction of Penicillium spp. growth resulting from
surface inoculated spores was also characterized. These
results showed that fungal growth could be reduced
by ~94% on both maize and wheat using a UV dose of
0.50 J cm-2, which was significantly more effective when
compared to naturally occurring fungal growth (Popović
et al. 2018). This is likely due to the migration of mold
beneath the surface of the kernel, which emphasizes the
importance of treating grains in the early onset of infection/
contamination.
Reduction of mycotoxins on grain kernels
It is believed the use of UV-C light to decrease mycotoxin
concentrations on grain kernels has not been previously

Figure 6. Reduction of DON, ZEN and OTA on the surface of maize (left) and wheat kernels (right) after UV-C treatment at
253.7 nm
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explored. There was moderate success in the reduction of
surface inoculated DON (2 mg kg-1), ZEN (2 mg kg-1), and OTA
(20 μg kg-1) on grain kernels (Figure 6) (Popović et al. 2018).
Using a UV dose of 10 J cm-2, reduction of ZEN on maize and
wheat kernels was 52 ± 7.4% and 48 ± 5.4%, respectively.
Overall, ZEN was the most UV sensitive mycotoxin tested
as DON and OTA did not surpass 30% reduction following
exposure to a UV dose of 15 J cm-2 on either maize or wheat.
Given these results, it is unlikely that UV-C treatment at
253.7 nm is a feasible strategy for the reduction naturally
occurring mycotoxins on grains. However, UV-C treatment
of ground feed has shown promising success. Ameer Sumbal
et al. (2016) have reported the complete reduction of 500 μg
kg-1 of OTA in poultry feed using a UV dose of 1.1 J cm-2.
Presumably, this success was due to the release of OTA
located beneath the surface of grain kernels upon grinding.
Quality of grain kernels post UV-C treatment
Exposure of maize kernels to a UV dose of 5.0 J cm-2 was
shown to have no significant (p > 0.05) impact on moisture,
crude protein content or germination (Popović et al. 2018).
In the case of wheat kernels, other than a 19% reduction in
germination, no significant impact on quality parameters was
observed using the same UV-C dose. These results showed
that common grain quality parameters are mostly unaffected
during treatment up to a UV dose of 5.0 J cm-2.
Conclusions
The use of UV-C light to decrease mycotoxigenic fungal
loads and eventual mycotoxin production on maize kernels is
a feasible strategy. The effectiveness of the treatment should
increase if applied early in the harvest before mold migrates
beneath the surface of the kernels. Further, UV-C light has
shown to be effective at reducing both mycotoxins and fungal
spore growth on model surfaces, suggesting that its use on
postharvest grain contact surfaces could prevent upstream
contamination. The industrial feasibility of postharvest UV-C
intervention should be tested by integrating UV-C treatment
with a dynamic transportation mode of kernels and use of
more powerful continuous or pulsed UV light sources. n
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Large Turnout, Interesting Insights
on Ultraviolet LEDs at ICULTA-2018
With more than 260 participants from 23 countries, ICULTA2018 – International Conference on UV LED Technologies &
Applications 2018 from April 22-25 in Berlin – was a great
success for this first-ever conference on ultraviolet (UV) light
emitting diodes (LEDs) and their multiple applications.
“The great success of ICULTA demonstrates the rapid
advancement of UV LEDs and wide range of solutions the
technology has to offer,” said Oliver Lawal, president/CEO of
Aquisense Technologies and president of IUVA, co-organizer
of the event. The event included presentations on cleaning
and disinfection, industrial curing and medicine.
"We are particularly pleased about the high level of industry
participation in ICULTA, as it shows how attractive UV
LEDs are for industrial applications,” said Prof. Michael
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Kneissl, co-chair of the conference and head of the Joint Lab
GaN Optoelectronics, operated jointly by Ferdinand-BraunInstitut and TU Berlin.
The aim of the conference was to bring together developers
of UV LEDs and users from various application fields. “As
we already did in our consortium ‘Advanced UV for Life,’
we have succeeded here in doing so,” affirmed program
committee chair Prof. Markus Weyers, head of the Materials
Technology Department at Ferdinand-Braun-Institut.
At the conference users from a wide range of fields, from
medicine and plant cultivation to analysis and sensor
technology to plastics processing, intensively exchanged
ideas. "These experts would otherwise probably have hardly
met," added Weyers.

ICULTA-2018 was jointly organized by Advanced UV for
Life and the International Ultraviolet Association. The
Advanced UV for Life consortium brings together 50 partners
from research and industry managed by the FerdinandBraun-Institut. The International Ultraviolet Association
is a nonprofit organization based in the US with over 500
members worldwide dedicated to the advancement of UV
technology for public health, environmental and industrial
applications. The IUVA organizing committee was led by
regional Vice Presidents Jutta Eggers of TZW, DVGWTechnologiezentrum Wasser, and Professor Ian Mayor-Smith,
of the University of Brighton, www.iuva.org.
Best poster awards
The prizes for the three best posters were awarded to Hans
Bethge from Leibniz Universität Hannover for “Design and
fabrication of a microcontroller based wireless LED-research
module for application in in vitro culture labs;” Naoto Yabuki
from Asahi Kasei Corporation on “UV spectral sensitivities
of Escherichia coli and MS2 phage measured with UVC
LED water disinfection module;” and Frank Mehnke from
TU Berlin on “AlGaN-based UV LEDs with emission below
230 nm.” n
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Water Reuse Symposium, Sept. 9-12
Austin, Texas
https://watereuse.org/news-events/conferences/annual-watereuse-symposium/
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IUVA Corporate Members
Large organization
Calgon Carbon UV Technologies
Carollo Engineers, Inc.
CDM Smith Inc.
CH2M Hill Engineers, Inc.
Crystal IS
Evoqua Water Technologies
Hanovia Ltd.
Hazen & Sawyer
Heraeus Noblelight GmbH
Light Sources, Inc.
MWH Global
Newland Hi-Tech Group Co. Ltd.
NYC Dept. of Environmental Protection
Phoseon Technology
Signify BV
Stantec
SUEZ Treatment Solutions
Trojan Technologies
Xylem Inc.
Medium organization
Advanced UV Inc.
American Ultraviolet Company
Aquionics Incorporated
atg UV Technology
Atlantic Ultraviolet Corporation
Atlantium Technologies Ltd.
Bio-UV SA
eta plus electronic GmbH
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Nikkiso
RealTech Inc.
Ushio America, Inc.
UV-technik Speziallampen GmbH
ZED Ziegler Electronic Devices
Small organization
American Air & Water, Inc.
AquiSense Technologies
Best UV
Boston Electronics
Dowa International Corporation
E. Vila Projects & Supplies, SL
Excelitas Technologies Corporation
Foshan Comwin Light &
Electricity Co., Ltd.
Funatech Co., Ltd.
GAP EnviroMicrobial Services Ltd.
Gigahertz-Optik Inc.
Grundfos Water Treatment GmbH
JenAct Ltd.
LiqTech Systems A/S
LIT Europe BV
NEDAP Light Controls
Neotec UV
NPO-ENT
OFI Technologie & Innovation
Prominent GmbH
SA Water
S.I.T.A. SRL
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South Australian Water Corporation
SterilAir AG
Typhon Treatment Systems Ltd.
ULTRAAQUA
Ultra Violet Products (AUST) Pty. Ltd.
UV Dynamics
UV Guard
UV Superstore
Veolia Eau d’Ile-de-France
VGE International B.V.
Very small organization
Bolton Photosciences Inc.
dilitronics engineering GmbH
Fresh Appeal USA, Inc.
GT Marketing & Sales Force s.l.
Naturlig Desinfektion
OMNI Solutions LLC
Peschl Ultraviolet
SenSolution
UV Lamp Consulting
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for ways to reduce energy and maintenance costs
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