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Summary

The application of ultraviolet-C (UVC)
light is not well understood in the swine
industry, and best practices for applying
UVC technology effectively and safely
are lacking. This paper aims to summa-
rize swine industry best practices for
using UVC safely and maintenance re-
quirements created as a result of a UVC
workshop organized by the Swine Health
Information Center. By understanding
basic UVC physics, mechanism of action,
safety procedures, and general mainte-
nance requirements, the swine industry
will be able to use UVC technology safely
and effectively for decontamination of
surfaces on swine farms.
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Resumen - Uso efectivo de la luz ultra-
violeta-C para la descontaminacién del
suministros en granjas porcinas

La aplicacién de la luz ultravioleta-C
(UVC) no se comprende bien en la in-
dustria porcina, ademas no se tienen
las mejores practicas para aplicar la
tecnologia UVC de manera efectiva 'y

segura. Este documento tiene como ob-
jetivo resumir las mejores practicas para
el uso seguro de UVC en la industria por-
cina, y los requisitos de mantenimiento
establecidos como resultado de un taller
de UVC organizado por el Centro de In-
formacién de Salud Porcina. Al entender
la fisica basica de la UVC, el mecanismo
de accidn, los procedimientos de seguri-
dad y los requisitos generales de man-
tenimiento, la industria porcina podra
utilizar la tecnologia UVC de manera se-
guray eficaz para la descontaminacién
de superficies en granjas porcinas.

Résumé - Utilisation efficace de la lu-
miere ultraviolette-C pour la décon-
tamination de 'approvisionnement
dans les élevages porcins

L'application de la lumieére ultraviolette-
C (UVC) n’est pas bien comprise dans
I'industrie porcine, et les meilleures
pratiques pour appliquer la technologie
UVC de maniere efficace et sécuritaire
font défaut. Ce document vise a résumer
les meilleures pratiques de I'industrie
porcine pour utiliser les UVC en toute
sécurité et les exigences de maintenance
créées a la suite d’un atelier UVC or-
ganisé par le Swine Health Information
Center. En comprenant la physique de
base des UVC, le mécanisme d’action, les

procédures de sécurité et les exigences
générales de maintenance, l'industrie
porcine sera en mesure d’utiliser la tech-
nologie UVC de maniere sire et efficace
pour la décontamination des surfaces
dans les fermes porcines.

Itraviolet-C (UVC) light is widely
l | used for decontamination in

many industries, including hu-
man medicine and food processing. The
practical application of this technology
in livestock production is a more recent
development. It is increasingly being
used on swine farms as producers look
for ways to improve biosecurity in re-
sponse to the threat of African swine
fever virus (ASFV). However, many
swine producers and veterinarians are
unfamiliar with the physics of UVC, the
mechanism of action, the doses required
to inactivate swine pathogens, and prac-
tical conditions under which UVC can
operate effectively and practically on
swine farms. The swine industry lacks
best practices to apply this technology
effectively and safely. To address the
need for a better understanding of UVC
application on swine farms, the Swine
Health Information Center (SHIC) orga-
nized a one-day workshop with practic-
ing swine veterinarians and academic
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experts in epidemiology, infectious
disease, biosecurity, chemistry, and ag-
ricultural engineering to outline and de-
fine best practices for UVC in the swine
industry.

This paper aims to describe swine indus-
try best practices for using UVC safely
and effectively developed during the
UVC workshop. Development of industry
best practices for UVC will allow people
in the swine industry to use UVC effec-
tively and safely.

Physics and mechanism of

action

Ultraviolet (UV) light is a range of elec-
tromagnetic radiation immediately
more energetic than the visible light
range. The generally accepted range of
UV wavelength lies from 100 to 400 nm,
which is shorter than the visible light
spectrum (400 to 800 nm) seen by hu-
mans. The essential physical conse-
quence of the shorter wavelengths is that
the photon energy meets or exceeds the
energies of chemical bonds, ionization
potentials, and band gaps of most mate-
rials, although this varies with the exact
wavelengths under consideration. There
are four UV categories defined based on
the wavelength range.!

1. vacuum ultraviolet (VUV), 100-200 nm
2. ultraviolet C (UVC), 200-280 nm
3. ultraviolet B (UVB), 280-315 nm
4. ultraviolet A (UVA), 315-400 nm

Ultraviolet-C light has been used for
decontamination in a variety of areas,
including but not limited to air decon-
tamination, water (and wastewater)
treatment, laboratory decontamination
such as inside biosecurity cabinets, food
and beverage preservation, and medi-
cal applications, such as wound care.>?
Ultraviolet-C light is readily absorbed by
nucleic acids and proteins and induces
photochemical reactions of multiple
bonds in many organic molecules. Of
particular relevance for the mechanism
of action is the formation of a cyclobu-
tane ring that covalently joins two previ-
ously separate moieties that each con-
tained a C = C double bond. Along with
DNA or RNA strands, adjacent thymine
or uracil residues are particularly sus-
ceptible to such photodimerization. The
dimerization along with the DNA or RNA
strand causes that particular section of
the biopolymer to no longer be recog-
nized correctly, and changes or termi-
nates its biological function. These com-
pounds are essential for cells to function

and reproduce.® The effect of UVC varies
for different materials and microorgan-
isms. Protein has a peak absorption

of UV light energy at about 280 nm,
while for DNA and RNA, the peak is 260-
265 nm,*% where the germicidal effec-
tiveness is at its maximum. The typical
254 nm lamp, which is sold for decon-
tamination purposes, is sufficiently close
to this maximum to be effective.

UVC terminology

There are several terms and equations
that are important to define and under-
stand when applying UVC technology.
Irradiance, also described as light inten-
sity is the UVC light arriving at a surface,
at all angles, at a point in time.? The unit
for irradiance is typically expressed

as milliWatts (mW) per unit area, such
as square meters (m?) or square centi-
meters (cm?). In idealized conditions,
assuming that UVC light comes from

a point or line source, light irradiance
decreases by the square of the distance
from that point or line source, and the
relationship is known as the inverse
square law, expressed as:

I - dy?

I, di?

where I; = irradiance measured at one
point, I, = irradiance measured at a
second point, d; = distance between the
light source and one point, d, = distance
between the light source and the second
point.

This relationship demonstrates that with
a doubling of the distance from a source
(lamp) to a surface to be decontaminated
(decontamination surface), the decon-
tamination surface will receive a quarter
of the irradiance. Consequently, it is vi-
tal to maintain an appropriate distance
between the UVC light source when ap-
plying UVC to decontaminate objects.

Inactivation of pathogens by UVCis a
function of the dose of radiation. The
dose is a function of the irradiance on
the pathogen-contaminated surface and
time. The dose of UVC is measured in
millijoules (m]) per cm? for surface de-
contamination, which is defined by the
following equation:

D (m]J/cm?) =1 (mW/cm?) x Time (s)

Because distance, irradiance, and ex-
posure time can all affect the UVC dose,
longer exposure times can be used to
increase the dose delivered to a pathogen-
contaminated surface when the distance
from the source lamp is longer to obtain

the same desired inactivation of patho-
gens.? A commercially available UVC
chamber (Bioshift Series, UVC Germicidal
Chamber, ONCE, Inc) delivers a UVC dose
of about 150 to 190 mJ/cm?. The interior of
the chamber is approximately 50.80 cm X
50.80 cm x 50.80 cm, with 4 UVC bulbs
approximately 45.72 cm long, located at
each corner of the chamber. The shelf
sits about 2.54 cm from the bottom. Itis
recommended supplies have a 5-minute
exposure time. These are good guide-
lines to follow when trying to develop a
UVC chamber for smaller pass-through
items. Ultraviolet-C light has been ap-
plied in hospital rooms, and there is
thought to whether it could be applied on
alarger scale as in supply entry rooms,
entry ways, or loadout areas. This con-
cept may not be feasible on swine farms
due to the varying levels of permable
materials and organic material that may
be present.

For the workshop, information about the
dose of UVC required to inactivate vari-
ous bacteria and viruses was assembled
from summaries published by compa-
nies that manufacture and market equip-
ment for UVC decontamination. Summa-
ries from Once Incorporated, Clordisys
Solutions Incorporated,® and ECO Scope’
were used to identify primary refer-
ences for the UVC dose requirements to
inactivate viruses and bacteria. Nearly
all the references identified were for mi-
croorganisms that were not swine patho-
gens, but many were in the same genus
of swine bacteria or the same family of
swine viruses. The summaries included
studies applying UVC for physical decon-
tamination of organic and nonorganic
surfaces, as well as decontamination of
air and water. In addition, a review of
the literature for information on doses
for swine pathogens was conducted for
the UVC workshop.

Only peer-reviewed journal articles
discussing the UVC dosage for decon-
tamination of nonorganic surfaces were
included since this is the primary pur-
pose for which UVC would be applied as
a biosecurity control measure on swine
farms. Only studies related to surface
decontamination in the United States
and Europe were included. The review
was conducted for both endemic and
foreign viral and bacterial swine patho-
gens, which were deemed important to
pork production in the United States,
including those on the SHIC Swine Dis-
ease Matrix.? For swine bacteria and
viruses, such as porcine epidemic diar-
rhea virus and porcine reproductive
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and respiratory syndrome virus,’ where
published studies with information

on UVC dose is available, all the doses
required for a 3-log reduction (approxi-
mately 99.9% kill) are less than the 150 to
190 mJ/cm? delivered by a commercially
available UVC chamber (ONCE, Inc). For
swine bacteria and viruses where pub-
lished studies with information on UVC
dose is not available, but the informa-
tion is available for bacteria in the same
genus or viruses in the same family,

the doses required for a 3-log reduction
(approximately 99.9% kill) are also less
than the 150 to 190 mJ/cm? delivered by
a commercially available UVC chamber
(ONCE, Inc). A significant gap in the lit-
erature exists for swine bacteria and vi-
ruses where no information is published
for them or other bacteria in the same
genus or viruses in the same family.
Foremost among them is ASFV and clas-
sical swine fever virus, two important
foreign animal disease pathogens.

Safety and maintenance
requirements

Safety best practices

When applying UVC on farms, it is im-
portant to remember that UVC is mu-
tagenic and carcinogenic.!® Exposure
to any part of a person’s or an animal’s
body or eyes should be avoided. Expo-
sure to the eyes may result in the devel-
opment of cataracts, actinic keratosis,
or both. Short-term effects of exposure
to the skin include sunburn, while long-
term cumulative effects of exposure in-
clude cancer.

Several general safety practices are
recommended:

* Ensure complete enclosure of the
UVC chamber without any light
leakages.

* Verify with a UVC meter that there
is no UVC penetration through the
chamber window. Glass windows
are safe, quartz windows are not.

® Connect a hard-wired safety shutoff
to doors and latches or purchase
UVC chambers or lamps with this
feature.

* Install warning labels for human
safety.

® Properly train all personnel and
refresh training annually.

* If exposure to UVC cannot be
avoided, consider using personal
protective equipment as second-
ary protection, which may include

goggles or face shields (such as
American Ultraviolet’s Ultra-Spec
100 Safety Goggles and Ultra-Shield
Face Shields designed for ultraviolet
exposure), and clothing or sunblock.

* Discontinue use and contact the
manufacturer if safety controls are
malfunctioning.

Following these standard guidelines will
help ensure the safety of people work-
ing in the swine industry when applying
UVC technology.

Maintenance best practices

Proper maintenance of the UVC cham-
ber or lamps used on-farm is important
to ensure effective decontamination

of surfaces. Ultraviolet-C lamp bulbs
should be checked approximately every
3 months. If dirty, the bulbs should be
cleaned by applying an alcohol-based
disinfectant on soft cotton cloth or
gauze. Gloves should be worn, and bulbs
should not be touched with bare hands.
Oils transferred from the skin surface

to the lamp can block UVC light and de-
crease performance. Regular cleaning
of UVC bulbs will also maximize the life
of the bulb. Ultraviolet-C chamber walls
should be coated with reflective surfaces
or panels, such as polished aluminum, to
increase UVC efficiency by reflecting and
redirecting UVC light and obtain cover-
age over surfaces not directly under the
UVC bulbs.!! These reflective aluminum
panels or surfaces on the inside of the
chamber should also be cleaned with
nonabrasive cleaners when dirty. The
chamber will be less efficient at distrib-
uting UVC light when the panels have
dull spots.

Temperature and relative humidity
(RH) have the potential to decrease UVC
performance. The temperature of the
UVC bulbs has a significant impact on
the decontamination efficiency of UVC
chambers. It is recommended that the
bulbs be cycled once in the morning to
bring the bulb energy level up before
the first decontamination cycle. If the
RH is high, condensation may form on
the bulbs when they cool off. Conden-
sation on the bulbs is a safety concern
and should be monitored closely in high
humidity environments. Furthermore,
RH can affect the overall efficacy of UVC
decontamination. Two trends of inacti-
vation related to RH were observed by
researchers: 1) inactivation of pathogens
decreases as RH increases!?!3 and 2) in-
activation of pathogens peaks between
25% to 79% RH and decreases on both

ends.!* Therefore, monitoring humidity
in rooms or chambers where UVC tech-
nology is being applied is warranted.

It is of utmost importance to monitor the
UVCirradiance in the chamber to en-
sure it is in proper operating condition.
The blue light visible when UVC lights
are turned on is the result of a phosphor
excitation and only serves as a visual
safety indicator that the light is on. The
blue light intensity does not correlate
with UVC irradiance or intensity. More-
over, the illumination with visible light
in the chamber can be misleading as to
what areas are illuminated by the UVC
light, since the reflective and refractive
properties of UVC differ from visible
light. Ultraviolet-C light may not fully il-
luminate fomites and tools in the cham-
ber, even if visible light can be seen.

Ultraviolet-C irradiance may be moni-
tored using a calibrated UVC meter such
as the UV512C Digital UVC meter (Gen-
eral Tools & Instruments LLC) shown

in Figure 1. This UVC meter, along with
other meters available on the market
displayed in Table 1, has the capability
to record the UVC intensity after the al-
lotted exposure time in a UVC chamber.
It is recommended to first warm the
bulbs by completing one cycle prior to
measurements. Always record the same
spot in the chamber, with the probe fac-
ing up, towards the UVC bulbs. If there
are also bulbs located at the bottom of
the chamber, then it is recommended to
take a second measurement, facing the
probe down towards the bulbs. This en-
sures all bulbs are giving an appropriate
irradiance. To calculate the dose, multi-
ply the irradiance (what was measured
with the UVC meter) by exposure time in
seconds. Ultraviolet-C dosimeters (ONCE
Inc) have also been used to monitor UVC
bulbs. These are paper coupons that
change color according to the UVC dose
they were exposed to. They are placed
in the chamber for a set amount of time,
and the color is immediately compared
to a reference color. The color readout
has to be done immediately after the
light exposure, as the UVC dosimeter
color may revert back toward yellow
over time.

Ulatraviolet-C bulbs are rated for an
expected life and must be changed peri-
odically. Some commercial UVC germi-
cidal chambers (eg, the BioShift series
from ONCE Inc) come equipped with

a built-in bulb change timer on their
models. While bulb ratings are made for
an expected life, the number of on-off
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Figure 1: A portable, simple UV light meter (UV512C Digital UVC meter, General

Tools & Instruments LLC) with a plugged
UVC or UVA, with a data-logging SD card.

-in sensor that can measure either

LT .
UY LIGHT METER
AR AN

. »

cycles is more important and can sig-
nificantly shorten the life of the bulbs.
For example, running 5-minute cycles
is estimated to reduce the overall rela-
tive lamp life to 4.2% for the rated life.
For example, the life of a bulb rated for
8000 hours is reduced to 336 hours (4.2%
of 8000 hours) or about 4000, 5-minute
cycles. At a minimum, bulbs and ballasts
should be changed once a year or every
1000 cycles, whichever occurs earlier.
Generally, it is good practice to replace
bulbs and the ballast at the same time.
Replacing the bulb alone sometimes
does not resolve flickering, buzzing, or
low output, therefore the ballast needs

to be replaced as well. Be sure to check
that UVCirradiance is at the desired
level after the replacement. If bulbs and
ballasts are changed at the same time,
the rotation of bulbs is not necessary.
Replacement bulbs can be purchased
through the manufacturer of commer-
cially available devices.

Practical applications in

swine farms

On swine farms, UVC chambers are
commonly located as a clean-dirty line
between the outside farm entry or hall-
way, also considered the ‘dirty’ side, and

the office/breakroom considered the
‘clean’ side of the farm. These chambers
are designed as pass-through chambers
where items from one side are placed
into the chamber and retrieved from
the other side of the chamber after be-
ing treated. Because of chamber capac-
ity, UVC chambers are mostly used to
decontaminate small- or medium-sized
items such as lunch boxes, cell phones,
small tools, medications, etc, that have
surfaces that are nonpermeable and free
of organic matter. It is important for the
surfaces to be clean because organic
material decreases UVC efficacy on sur-
faces.!»1° It is important not to stack
items in the UVC chambers due to UVC’s
inability to penetrate most materials,
except for quartz glass. Stacking items
or placing them too close together will
block surfaces from exposure to the UVC
light, preventing the surfaces from be-
ing decontaminated. Staggering the ar-
rival of personnel or implementing other
biosecurity control measures to reduce
the frequency of introduction of materi-
als may be necessary to avoid creating a
bottleneck in the system and reduce the
temptation to stack or place lunch boxes
and other supplies too closely together.
One advantage of UVC is its inability

to penetrate most materials, includ-

ing plastic. Treatment of semen bags
should not affect the viability of the se-
men, however, more research is needed
to know what, if any, impact UVC may
have on semen viability. It is known that
repeat UVC exposure of certain plastics
may result in a change in color and emis-
sion of compounds that may cause an
odor over long exposure times.

Several studies have shown that the ef-
ficacy of UVC may differ with different
surface types. For the most part, UVC

is more efficacious on nonporous, non-
permeable materials such as plastic,
stainless steel, and glassware versus per-
meable or porous materials such as card-
board, cloth, and wood.”!° This could be
due to the ability of permeable or porous
materials to shield pathogens from direct
exposure of UVC. Therefore, exposure of
paper, cardboard, or cloth to UVC is un-
likely to effectively decontaminate those
materials due to the limited capabilities
of the UVC light to penetrate them.

Ultraviolet-C chambers are presently
installed most frequently in sow farms
where biosecurity is considered a prior-
ity. It is recommended that farms train
employees on the best practices out-
lined in this paper and provide simple
on-site instructions or checklists of
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Table 1: Examples of portable and low-cost UV light meters available on the market

Name Model # Spectral range Manufacturer Price* Website
https://www.
" ltools.com/
UVA-UVC light generaft
c _ General Tools & $688 uva-uvc-light-meter-
[get?; ng cdaartja LREESR PAUERID HTin Instruments LLC (Amazon) with-excel-formatted-
sging data-logging-sd-card-
and-k-j-port
Solarmeter https://solarlight.com/
Model 8.0-RP UVC } 3 . product/solarmeter-
meter with a 8.0-RP 246-262 nm Solarlight Inc $425 model-8-0-uvec-meter-
remote probe with-remote-probe/
https://www.
" General Tools & $485
UVC light meter uv512C 220-275 nm generaltools.com/uvc-
Instruments LLC  (Home Depot) light-meter
https://www.omega.com/
. en-us/test-inspection/
%\QEEVC light HHUV254SD  240-390 nm Enoi?::egﬁn $874 handheld-meters/light-
§ § meters/p/HHUV254SD-
Meter
*The price was recorded December 2020.
best practices highlighting how UVC Implications References

chambers and lamps should be used
and maintained. Sources to use for UVC
best practices, are available on the SHIC
webage (https://www.swinehealth.org/
wp-content/uploads/2020/10/SHIC_
UVC_FactSheet10-2020.pdf) and at the
University of Minnesota’s Swine Dis-
ease Eradication webpage (z.umn.edu/
UVbox).

Conclusion

Ultraviolet-C technology can be effec-
tively used to decontaminate surfaces in
swine farms as long as users sufficiently
understand how it works and follow best
practices. Ultraviolet C is a technology
that requires maintenance. Standardized
protocols informing people about proper
cleaning of UVC bulbs and chambers,
maintaining and changing UVC bulbs
and ballasts on a regular basis is impor-
tant to ensure the industry is appropri-
ately decontaminating incoming sup-
plies and other surfaces on swine farms
to prevent disease outbreaks. It is also
important to educate people in the swine
industry and create standard safety best
practices to follow when using UVC due
to its risk of damage to human skin and
eyes. Overall, UVC can be an economi-
cally feasible tool to help prevent disease
outbreaks by reducing the likelihood

of bringing contaminated supplies into
farms. Following best practices for use,
safety, and maintenance will ensure it is
used effectively and safely.

* Development of standardized proto-
cols will guide safe and effective use
of UVC.

® Need to understand UVC when apply-
ing it for surface decontamination.

e Ultraviolet C should only be used
on nonporous, relatively clean
supplies.
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