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ULTRAVIOLET GERMICIDAL IRRADIATION (UVGI) LAMPS

UV Germicidal Lamps for Air Purification in the Duct System

Proprietary High Intensity UVC (Germicidal 254 nm) Mercury Vapor Quartz Lamps designed to prevent and
destroy mold and other microbial growth on the A/C coil and eliminate biological contaminants and
chemicals in the air.

Ultraviolet light destroy biological & chemical contaminants

TOMgs proprietary High-Intensity Mercury Vapor Quartz Lamps produce UVC and UVV (both wavelengths are
fused into the Lamp). UVC is short-wave radiation; it attacks the DNA of the cell. This wavelength’s primary
uses are for the destruction of biological contaminants such as mold, bacteria and viruses. UVV is primarily
used for oxidation; this is the portion of the lamp that will destroy chemicals and odors such as cigarette
smoke, VOC's, diesel fumes and formaldehyde. With both UV wavelengths working together, TOMIzs UVGI
Units are able to destroy thousands of biological and chemical contaminants.

MONSTER “TERMINATOR” UVGI AND FILTRATION MAINTENANCE

Product Description: High Intensity UVGI “Terminator” lamps and filtration are available for hospital, commercial and
residential installations. The benefits of using the “Terminator” and filtration system is a 30-40 percent reduction in
energy costs, an increase in operating efficiency, elimination of air-borne pathogens and minimized coil cleanings.
TOMlgs UVGI units destroy up to 99.9% of contaminants traveling through the HVAC system.

TOMIgs Ultraviolet Lamps are Non-Evasive and do not harm electrical wires, coils or AC duct joints

Since 1956, all wiring is ozone-proof and coils are kept clean, which reduces contaminant buildup that
destroys coils. And with clean coils, operations of AC systems are more efficient and less energy consuming.

TOMIgs UVGI Units destroy up to 99.9% of contaminants traveling through the HVAC system

TOMIgs UVGI Units are custom sized and installed according to the application, taking into account the duct
size, air velocity and the contaminants to be destroyed.

UNDERSTANDING UVGI (Ultraviolet Germicidal Irradiation)

UVGlI is a sterilization method that uses ultraviolet (UV) light at sufficiently short wavelength to break down
microorganisms. It is used in a variety of applications, such as food, air and water purification. UV has been a
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known mutagen at the cellular level for more than 100 years. The 1903 Nobel Prize for Medicine was
awarded to Niels Finsen for his use of UV against tuberculosis.

UVGI utilizes the short wavelength of UV that is harmful to forms of life at the micro-organic level. It is
effective in destroying the nucleic acids in these organisms so that their DNA is disrupted by the UV radiation.
This removes their reproductive capabilities and kills them.

The wavelength of UV that causes this effect is rare on Earth as its atmosphere blocks it. Using a UVGI device
in certain environments like circulating air or water systems creates a deadly effect on micro-organisms such
as pathogens, viruses and molds that are in these environments. Coupled with a filtration system, UVGI can
remove harmful micro-organisms from these environments.

How UVGI Works

Ultraviolet light is electromagnetic radiation with wavelengths shorter than visible light. UV can be separated
into various ranges, with short range UV (UVC) considered “germicidal UV.” At certain wavelengths UV is
mutagenic to bacteria, viruses and other micro-organisms. At a wavelength of 2,537 Angstroms (254 nm) UV
will break the molecular bonds within micro-organism DNA, producing thymine dimers in their DNA thereby
destroying them, rendering them harmless or prohibiting growth and reproduction. It is a process similar to
the UV effect of longer wavelengths (UVB) on humans, such as sunburn or sun glare. Micro-organisms have
less protection from UV and cannot survive prolonged exposure to it.

UVGl is a highly effective method of destroying microorganisms. Since the Earth’s atmosphere absorbs most
of the UV from the sun, germicidal UV is very rare in all circumstances. When concentrated in a closed
environment such as a water holding tank or duct system it is lethal over time to all micro-organisms.

1.

UVGI in Medical/Healthcare

The Queen's Medical Center —Honolulu, HI

“Coil Irradiation & On-the-Fly Kill — noticeably improved indoor air quality, return to design HVAC
system performance after degradation of over 30%.”

Florida Hospital System — Orlando, FL

“Coil Irradiation — 6 month payback, improved IAQ (mold completely eliminated from downstream
HEPA filtration).”
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St. Michaels Hospital — Texarkana, TX

“Coil Irradiation — 7 month payback, eliminated indoor air quality complaints.”

Children's Hospital SUNY — Buffalo, NY

“On-the-Fly Kill — Reduction in microbial counts for infants in the neonatal ward (6 Log reductions).”

Henry Mayo Hospital — Newhall, CA

“Coil Irradiation — Returned system to original operating characteristics yielding a payback of less
than 5 months, improvement in IAQ despite HEPA filtration already being in place.”

™

UVGI in Commercial/Government

Public Service Company of Oklahoma—Tulsa, OK

“Coil Irradiation — Eliminated serious indoor air quality complaints, allowed for shutdown of
additional chillers (300 tons of cooling reduction).”

Harris County Municipal Offices — Houston, TX

“Coil Irradiation — Eliminated indoor air quality complaints, total maintenance and energy savings in
excess of $20k per year.”

Louisiana State University — Baton Rouge, LA

“Coil Irradiation — 30 days of UV treatment brought significant pressure drop reduction across air
handler, savings of $15k due to elimination of need to buy new coil modules.”

Efficacy of UVGI Systems:

9 The health effects of airborne infectious disease transmission are relevant to American Society of
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)

ASHRAE STATEMENT

ASHRAE' s position at the present i s:

Many infectious diseases are transmitted through inhalation of airborne infectious particles termed
droplet nuclei,

Airborne infectious particles can be disseminated through buildings including ventilation systems,

Airborne infectious disease transmission can be reduced using dilution ventilation, specific in-room
flow regimes, room pressure differentials, personalized and source capture ventilation, filtration, and
UVGI.

ASHRAE should commit to improving the health of individuals who occupy buildings and should
support further research on engineering controls to reduce infectious disease transmission.

ASHRAE Position Document on
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A Effect of Ultraviolet Germicidal Lights Installed in Office Ventilation Systems on Workers' Health
and Well-being: double-blind multiple crossover trial
- McGill Study — November 2003 The Lancet

Assessment of UVGI used on drip pans and cooling coils within ventilation systems of office buildings
would reduce microbial contamination, and thus occupants' work-related symptoms (double blind,
multiple crossover trial of 771 participants in office buildings in Montreal, Canada over a 12 week
period). Operation of UVGI resulted in 99% reduction of microbial and endotoxin concentrations on
irradiated surfaces within the ventilation systems. On the basis of within-person estimates, use of
UVGI was associated with significantly fewer work-related symptoms overall, as well as respiratory
and mucosal symptoms than was non-use. Reduction of work-related symptoms was greatest among
atopic workers and never-smokers. The technique reduced overall worker sickness by 20%, including
a 40% drop in breathing problems. "Installation of UVGI in most North American offices could resolve
work-related symptoms in about 4 million employees caused by microbial contamination of heating,
ventilation and air-conditioning systems."

A Environmental Health Article UV Irradiation in the Home Improves Kid's Asthma
- May 2006 Journal of Asthma

In a 28 week 'crossover' trial, researchers assesses respiratory symptoms in 19 children with asthma
first while UVGI units were running in the home and then when dummy units were installed, or vice
versa. Compared with the placebo situation, the use of UVGI was associated with a significant
improvement in the children's peak expiratory flow rate. In addition, it was reported that asthma
medication usage was reduced 51%, compared to 13% with the placebo.

9 The Characterization of Upper-Room Ultraviolet Germicidal Irradiation in Inactivating Airborne

Microorganisms- January 2002 Environmental Health Perspectives

Assessment of efficacy of upper-room UVGI in reducing the concentration of Serratia marcescens and
Mycobacterium bovis bacille Guerin (BCG) aerosols in an enclosed space. Results indicated that UVGI
that occurs in the upper portion of air in a room economically reduces exposure to Mycobacterium
Tuberculosis (MTB) droplet nuclei.

9 Efficacy of Ultraviolet Irradiation in Controlling the Spread of Tuberculosis

- October 2002 University of Colorado and National Jewish Medical and Research Center for the
Disease Control and Prevention (CDC) / National Institute for Occupational Safety and Health

(NIOSH)

Study quantified the impact of environmental factors on the response of airborne bacteria to UVGI in
a full-scale room application. Overall, UVGI was shown to be very effective at inactivating airborne
bacteria in the room environment. Achieved an inactivation rate of 16 ACH (air changes per hour) for
M. tb surrogates and a reduction of airborne concentrations by 90%.

9454 Wilshire Blvd, PH/G-1 Beverly Hills, CA 90212 Phone: 310-275-2255 Fax: 310-275-2282
www.tomiesinc.com




9 Effects of Ceiling-Mounted HEPA-UV Air Filters on Airborne Bacteria Concentrations in an Indoor

Therapy Pool Building- February 2005 Journal of the Air & Waste Management Association

Study assessed effectiveness of HEPA with internal UV lamps for their ability to remove or inactivate
bacterial aerosol. The combined technologies were found to reduce concentrations of culturable
bacteria by 69% (year one) and 80% (year two) and total bacteria by 12% and 76% over the same
monitoring period. Study states that ceiling mounted HEPA with UV are a potential control to prevent
the spread of bioaerosol contaminants through indoor environments.

9 Ultraviolet Light for Coil Cleaning in Schools - March 2006 Engineered Systems

Summary of paper from May 2006 California Energy Commission (CEC) Study (see Advanced HVAC
Systems for Improving Indoor Environmental Quality and Energy Performance of California K-12
Schools). Finds that UVGI can be used effectively for the purposes of improving Indoor Air Quality
and saving time and money through improved operational efficiency and reduced maintenance on
HVAC systems.

1 Advanced HVAC Systems for Improving Indoor Environmental Quality and Energy Performance of
California K-12 Schools- May 2006 California Energy Commission (CEC)

The CEC installed UVGI in 36 packaged air conditioning units in three school districts across California
and compared their performance to 18 control units in those school districts over a six week period
starting in August 2005. Results showed that the UVGI notably reduced the levels of microbial counts
in the evaporator coils in the air conditioning units (reductions of 65 to 100% of colony forming units
were found). Airflow and efficiency measurements were also made showing positive trends in
reducing pressure drop and improving air flow.

SUMMARY REPORT

Background levels of viable bacteria and fungi in the indoor air and on surfaces
in Ingham Regional Medical Center, Lansing, MI& 6 S T 2 NB  they0WRGI-HVAC in&GaN&Eion, February 2,
2009.

INTRODUCTION

The objective of this project was to assess microbial concentrations in air and on fomites in
Ingham Hospitals before and after the installation of a UVGI-HVAC system. Using bacteria and
fungi concentrations as a standard of effectiveness of the UVGI-HVAC system, indoor air
samples were collected before and after installation and microbial levels were compared. Using
the impingement method as described by Jensen and Schafer (1998) viable microorganisms (E.
coli, total bacteria, Staphylococci, MRSA, and fungi) were sampled in the air. This study also
investigated indoor surface contamination because fomites have been shown to act as reservoirs
for spreading diseases (Morens, D. M., and V. M. Rash. 1995; Bures et al. 2000; Barker, J. 2001;
Barker et al. 2004; Kramer et al. 2006; Boone and Gerba 2005). Preliminary samples were
collected in the summer of 2007 and post UVGI installation samples were collected in the fall of
2008. Both pre/post installation samples were collected in the emergency department waiting
room and cardiac intensive care unit of the Greenlawn Campus and in the UCC waiting room
and patient room in 1E at the Pennsylvania Campus.
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MATERIALS AND METHODS
Study sites

¢ Ingham Regional Medical Center, Greenlawn Campus, 401 W. Greenlawn, Lansing,
Ml, 48910
o Emergency department waiting room: (GW)
o Cardiac intensive care unit: (GC)
¢ Ingham Regional Orthopedic Hospital, Pennsylvania Campus, 2727 S. Pennsylvania
Ave, Lansing, M1 48910
o UCC waiting room (PW)
o Empty patient room 1E: (PE)

Sampling
Bioaerosols

Bioaerosols were drawn into all glass impingers (AGI-30, Cat # 100550-372, VWR, West
Chester, PA), which contained 20 mL of 0.3mM of phosphate buffer dilution water (PBW),
using portable pumps (Leland Legacy, Cat # 100-3002, SKC, Eight Four, PA) at flow rate of
12.5 L/min (Jensen and Shafer 1998). Approximately 1500 L (4 impinges x 30 min vacuuming
with the flow rate of 12.5 L/min) of air was collected from each room. The sample

solutions in the impingers were placed into new sterilized vials after collection. The impingers
were rinsed using 5 mL of PBW and the rinsates were added to the sample vial. The sample
tubes were stored at 4°C and processed within 24 hours after the sample collection.

Fomites

Fomites were wiped using Fellowes Surface Cleaning Wipes (STRATUS Inc., Amarillo, TX),

which were premoisten antistatic wipes. Prior to the sampling, a sheet of original wipe cloth was

cut to one forth size (48 cm2) using sterilized scissors, placed into sterile whirl pack bags, and

placed under a UV lamp for disinfection. In each room, 10 selected surfaces (five commonly

touched (e.g. chairs, tables, door knobs) and five untouched (e.g. window or picture frames, top

of clock, fire alarms)) were wiped back and forth over the entire surface area of approximatelyl0 cm2 using
several vertical strokes, then folded with the fresh side of the wipe exposed, and

several horizontal strokes were made over the same area with the other side of the wipe. After the sampling,
the wipes were placed in 10 mL of phosphate buffer saline plus 0.01%

Tween-80 (PBST) in 50-mL tubes. Types of fomites and sampling areas were recorded after the

sampling.

Microbial assays

Collected bioaerosol and wipe samples were assayed with culture methods to measure viable
microorganisms. Selective agars, i.e. Tryptic(ase) Soy Agar (TSA) for mesophilic bacteria and
thermophilic actinomycetes, Mannitol Salt Agar (MSA) for Staphylococcus, CHROMagar for
methicillin resistant Staphylococcus aureus (MRSA) and Malt Extract Agar (MEA) for total
fungi were used in this study.

Arithmetic averages were developed for each assay and location before and after installation of
the UV system. Non-detects were used as limits of detection.
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SUMMARY RESULTS AND DISCUSSION
Bioaerosols

Pre installation tests detected viable bacteria and fungi from indoor air samples collected at the
study sites. The concentration of mesophilic bacteria (MB) and thermophilic actinomycetes (TA)
ranged from 12 to 56 CFU/m3. Staphylococcus concentrations ranged from below the detection
limit (3 CFU/m3) to 9 CFU/m3 for S. aureus and 13 CFU/m3 for the total Staphylococci (e.g. S.
epidermis). Total fungi concentrations ranged from below detection limit to 6 FU/m3.

Post installation testing detected only slightly lower viable bacteria and fungi from indoor air
samples collected at the same study sites. MB and TA were present in concentrations ranging
from below detection limit (<0.33) to 62 CFU/m3. Staphylococcus concentrations ranged from
below detection limits (<0.33 CFU/m3) to 4.0 CFU/m3 and total fungi concentrations ranged
from below detection limit to 1.3 FU/m3. A comparison of the pre and post installation bacterial
and fungi concentrations (arithmetic average) from each room are summarized as the

number of microorganisms per m3 air.

Fomites

During pre installation, viable bacteria and fungi were detected on indoor surfaces of both
hospital campuses. The fomite concentrations of mesophilic bacteria and thermophilic
actinomycetes ranged from below the detection limit (<0.1 CFU/cm2) to 64 CFU/cm2.
Staphylococci and fungi ranged from below detection limit to 6.4 CFU/cm2 (S. aureus), 37
CFU/cm?2 (S. epidermis), and 5.0 FU/cm2 (fungi). Positive detection of S. aureus during pre
installation of the UVGI system, suggests that MRSA should be further explored.

Microorganisms were comparatively higher during pre installation on surface not commonly
touched than on surfaces frequently contacted. Non-touched surfaces represent those sites where
material would be accumulating and settling from the air and would not be disturbed nor
associated with materials from the hands. In addition, often touched surfaces are not only
dynamic surfaces where materials are being laid down and picked up, but are also often cleaned.

FINAL CONCLUSION

Average levels (organisms/m3 air) of total bacteria found in the air prior to the UV installation
were 45.5 and 25.5, on the Greenlawn campus and Ingham Regional Orthopedic Hospital
campus, respectively. Average levels (organisms/m3 air) of total bacteria found in the air after
the UV installation were 8.67 and .418, on the Greenlawn campus and Ingham Regional
Orthopedic Hospital campus, respectively. The bacterial concentrations found on fomites were
also lower. On all surfaces (commonly and not commonly touched) prior to UV installation, the
levels (organisms/cm3) were 17.9 and 6.1 for the Greenlawn campus and Ingham Regional
Orthopedic Hospital, respectively. On all surfaces (commonly and not commonly touched) after
UV installation, the levels (organisms/cm3) were 1.75 and .85 for the Greenlawn campus and
Ingham Regional Orthopedic Hospital, respectively. On both of the campuses of Ingham
Regional Hospital, the UV systems appear to have decreased all organism levels in the post
installation tests in the air and on non-touched and touched surfaces.
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