Effectiveness of UV Light-Emitting Diodes for
Inactivating Biomolecules and Microorganisms
UV LED delivers precisely controlled light
intensity and dosage to provide various
levels of inactivation
A Phoseon Technology White Paper
Updated August 2020

Effectiveness of UV LED for Inactivation
Precise Output of UV LEDs enable better control

Introduction
UV LED technology
enables complete
inactivation of
contaminants in
minutes compared
to traditional
methods.

UV-C light is known as “germicidal UV” for its effectiveness in
decontamination and disinfection. While particular wavelengths
affect different bonds within biological molecules, both
nucleotides and proteins can be modified by deep ultraviolet
light. Thus, both microorganisms and biological material can be
inactivated with the right dose of light.
High intensity UV LED technology offers unmatched levels of
deep UV irradiance, which enable significant process
improvements, including faster analysis and operations, and
increased capabilities for decontamination and disinfection
applications that require low wavelengths. UV LED technology
enables complete inactivation of contaminants in minutes
compared to traditional methods.
This white paper makes the case for why UV LED technology
deserves serious consideration by research labs and
manufacturing facilities for inactivating biological molecules and
microorganisms. It describes Phoseon’s research findings related
to the different levels of inactivation.
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Decontamination and Disinfection
Using Ultraviolet Light-Emitting Diodes

Decontamination:
Inactivation of Biomolecules
High-irradiance UV LEDs successfully inactivate biological
molecules like DNA and RNA. Hard targets like RNase A can be
completely inactivated with the right wavelength and intensity of
ultraviolet light. Complete inactivation of laboratory
contaminants can be accomplished by UV LED in under five
minutes and at fraction of the cost of traditional methods.

Disinfection:
Inactivation of Microorganisms
Ultraviolet Light-Emitting Diode technology provides a new
method for inactivating microorganisms. UVC or germicidal UV
light is effective for its disinfection properties, the perfect choice
for sensitive surfaces of laboratory or equipment. UV LED
inactivation of microorganisms assures that surfaces are
disinfected without the chemicals and time-consuming rinsing.

UV LED
successfully
inactivates
Influenza A,
Clostridium
difficile spores,
Aspergillis
brasiliensis, and
Staphylococus
aereus.
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Effectiveness of UV LED for
Inactivating Influenza A
Rapid
inactivation of
Influenza A with
UV-LEDs provides
benefits in both
clinical and
research
settings.
Reducing virion
load in the
hospital and
aiding BSL-3 labs
as they study
this endemic
virus.
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Influenza A is endemic to the human population and has
occasionally risen to pandemic levels. As a major cause of
morbildity and mortality significant effort has been applied to its
irradication. Over the years researchers have studied both air and
fomite disinfection, typically using UV-C or far UV-C (207 – 222). In
an effort to improve disinfection we used targeted UV-LEDs to
inactivate Influenza A.
Influenza A was grown on coupons and inactivated using either
275nm or 265nm UV-LEDs. With these wavelengths a range of 3.75
- 4.25 log reduction in virion was achieved with a total dose of 240
mJ/cm2 (total dose of either 275nm or 265nm).
Given recent advancements in LED power, this dose can now be
achieved in a matter of seconds (>5 seconds). An enormous
improvement that opens new possibilities for high-risk areas such
as hospitals and BSL-3 laboratories.
Rapid inactivation of Influenza A is possible with UV-LEDs. Further
gains in both time and overall log-reduciton of Influenza A is likely
with continued improvement in LED output.

Decontamination and Disinfection
Using Ultraviolet Light-Emitting Diodes

Effectiveness of UV LED for
Inactivating Clostridium Difficile
Clostridium difficile spore transmission from contaminated
surfaces is a continuing problem for health care facilities. In a
study from Phoseon, high-intensity UV LED was used to rapidly
inactivate Clostridium difficile spores.
High-intensity UV LED 275 nm alone and 275 nm+365 nm
combination, wavelengths targeted to protein disulfide functional
groups, drive a greater than 5 log (5.79 log) CFU reduction of
Clostridium difficile spores on a surface in less than 30 seconds.
This is consistent with our results showing synergism between 275
nm and 365 nm high-intensity UV LED when irreversibly
inactivating RNase A. Targeting protein stabilization and
functional groups represents a new approach to spore
inactivation.

High-intensity
UV LED was
used to rapidly
inactivate
Clostridium
difficile
spores.

Microorganism inactivation with experimental dose response and
projected time to log 6 reduction at 275 nm and 4W/cm²
irradiance.
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Effectiveness of UV LED for
Inactivating Staphylococcus Aureus
Reproducible
Inactivation of
Staphylococcus
aureus on a
Surface Using UV
LED.

Staphylococcus aureus contamination of food processing and
contact surfaces is a source for foodborne infection for consumers
of meat and meat products. In this study from Phoseon, surfaces
contaminated with high loads of Staphylococcus aureus were
exposed to 265 nm UV-C LED to assess the effects of multiple
doses and irradiances.
One-inch square stainless steel targets inoculated with S. aureus
were exposed to a UV-C LED (265 nm) array light source (Phoseon
Technology) at 1.3, 1.5, 2.0, 2.5 and 3.0 mW/cm2 (at the target)
from a distance of 15 mm. Doses ranged from 26 mJ/cm2 through
150 mJ/cm2 . Surviving bacteria were plated and colony forming
units (CFU) assessed. Log reduction was calculated as the
difference in the log of geometric means between the unexposed
control and the exposed test samples. Each test sample included
four independent exposures at each condition.
Irradiances of 1.3 and 1.5 mW/cm2 resulted in four to five-log
reduction of Staphylococcus aureus CFU on exposed targets. This
corresponded to doses of between 20 and 52 mJ/cm2. Increasing
the irradiance to 2, 2.5, and 3.0 mW/cm2 to deliver a dose of 150
mJ/cm2 resulted in a five-log reduction in all cases.
Short 265 nm UV-C exposures of ≤60 seconds were sufficient to
result in a four-log reduction of Staphylococcus aureus. Treatment
of food products by 265 nm UV-C LEDs represents a viable
investigation path for decreasing food-borne Staphylococcus
aureus infections in consumers.
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Conclusion
UV light has been recognized for decades for its ability to inactivate biological molecules. However,
complete inactivation of difficult targets like enzymes and spore-forming microorganisms has been out of
reach for traditional light sources. By targeting specific molecular bonds, UV LED technology exhibits
higher efficacy with lower total power consumption than broad-band sources such as mercury. UV LED
technology is enabling new methods and discoveries by research labs.
Phoseon Technology is the first to develop a UV LED system that surpasses 5 W/cm² at 275nm,
significantly higher than the levels reached previously by other LED systems, and surpassing many other
technologies in the market by an order of magnitude. This milestone development enables users to utilize
UV LED systems where they were prohibited in the past. Phoseon is trailblazing a new path by building
high-performance UV LED systems that bring improved disinfection capability to various processes. LEDs
are on the verge of reaching sterilization levels for difficult and clinically-relevant pathogens.
In addition to high performance decontamination and disinfection systems, exciting research is on the
way in other applications as well. Preliminary data indicate that high-intensity ultraviolet light can be
tuned to partially or completely inactivate viruses without damaging recognition features. Retaining
recognition features is challenging with existing methods of virus inactivation. Stay tuned to see what the
future will hold.
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About Phoseon Technology
The world leader since 2002, Phoseon Technology pioneered
the use of LED technology for Life Science and Industrial
Curing applications. Phoseon delivers innovative, highly
engineered, patented LED solutions. The company is focused
100% on LED technology and provides worldwide support.

Contacts
For more information about Phoseon Technology suite of products,
visit http://www.phoseon.com/ or call (503) 439-6446
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