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Food and Drug Administration
9200 Corporate Boulevard

FEB 0 4 2003 Rockville MD 20850

‘Mr. John Hayman, Jr.

President

KES Science & Technology, Incorporated
3625 Kennesaw North Industrial Parkway
Kennesaw, Georgia 30144

Re: K023830
Trade/Device Name: AiroCide TiO,
Regulation Number: 880.6500
Regulation Name: Medical Ultraviolet Air Purifier
Regulatory Class: 1II
Product Code: FRA
Dated: November 6, 2003
Received: November 18, 2003

Dear Mr. Hayman:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

If your device is classified (see above) into either class II (Special Controls) or class [II
(PMA), it may be subject to such additional controls. Existing major regulations affecting
your device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish further announcements concerning your device in the Federal

Register.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Please be advised that FDA’s issuance of a substantial equivalence determination does not
mean that FDA has made a determination that your device complies with other requirements
of the Act or any Federal statutes and regulations administered by other Federal agencies.
You must comply with all the Act’s requirements, including, but not limited to: registration
and listing (21 CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice
requirements as set forth in the quality systems (QS) regulation (21 CFR Part 820); and if
applicable, the electronic product radiation control provisions (Sections 531-542 of the Act);
21 CFR 1000-1050.

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a
legally marketed predicate device results in a classification for your device and thus, permits
your device to proceed to the market.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801),
please contact the Office of Compliance at (301) 594-4618. Also, please note the regulation
entitled, "Misbranding by reference to premarket notification” (21CFR Part 807.97). You
may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free
number (800) 638-2041 or (301) 443-6597 or at its Internet address
http://www.fda.gov/cdrh/dsma/dsmamain.html

Sincerely yours,

g«vgm\@bwml/

Susan Runner, DDS, MA
Interim Director
Division of Anesthesiology, General Hospital,
Infection Control and Dental Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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January 31, 2003

Food and Drug Administration

Center for Devices and Radiological Health
(HFZ-308)

Office of Compliance

Information Processing and Office Automnation Branch
9200 Corporate Boulevard

Rockville, MD 20850-4015

501(k) Notification

Dear Sir/Madam,

AiroCide TiO, INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/or harmful molds and
volatile organic compounds present in rooms or enclosed areas: treatment
raoms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, etc.

(PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR Over-The-Counter Use
(Per 21 CFR 801.109)
§‘ / . (Optional Format 1-2-96)

Division Sign-Off) .
g)ivision of Anesthesiology, G_eneral Hospital,
infection Control, Dental Devices

510(K) Number. LI{ 02 A% 27

Questions? Contact FDA/CDRH/OCE/DID‘ at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Food and Drug Administration
9200 Corporate Boulevard
FEB 0 4 2003 Rockville MD 20850

-Mr. John Hayman, Jr.

President

KES Science & Technology, Incorporated
3625 Kennesaw North Industrial Parkway
Kennesaw, Georgia 30144

Re: K023830
Trade/Device Name: AiroCide TiO;
Regulation Number: 880.6500
Regulation Name: Medical Ultraviolet Air Purifier
Regulatory Class: Ii
Product Code: FRA
Dated: November 6, 2003
Received: November 18, 2003

Dear Mr. Hayman:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the
indications for use stated in the enclosure) to legally marketed predicate devices marketed in
interstate commerce prior to May 28, 1976, the enactment date of the Medical Device
Amendments, or to devices that have been reclassified in accordance with the provisions of
the Federal Food, Drug, and Cosmetic Act (Act) that do not require approval of a premarket
approval application (PMA). You may, therefore, market the device, subject to the general
controls provisions of the Act. The general controls provisions of the Act include
requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

If vour device is classified (see above) into either class 11 (Special Controls) or class 111
{PMA), it may be subject to such additional controls. Existing major regulations affecting
your device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In
addition, FDA may publish further announcements concerning your device in the Federal

Register.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 t
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Please be advised that FDA’s issuance of a substantial equivalence determination does not
mean that FDA has made a determination that your device complies with other requirements
of the Act or any Federal statutes and regulations administered by other Federal agencies.

Y ou must comply with all the Act’s requirements, including, but not limited to: registration
and listing (21 CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice
requirements as set forth in the quality systems (QS} regulation (21 CFR Part 820); and if
applicable, the electronic product radiation control provisions (Sections 531-342 of the Act);
21 CFR 1000-1050.

This letter will allow you to begin marketing your device as described in your Section 510(k)
premarket notification. The FDA finding of substantial equivalence of your device to a
legally marketed predicate device results in a classification for your device and thus, permits
your device to proceed to the market.

If you desire specific advice for your device on our labeling regulation (21 CFR Part 801),
please contact the Office of Compliance at (301) 594-4618. Also, please note the regulation
entitled, “Misbranding by reference to premarket notification” (21CFR Part 807.97). You
may obtain other general information on your responsibilities under the Act from the
Division of Small Manufacturers, International and Consumer Assistance at its toll-free
number (800) 638-2041 or (301) 443-6597 or at its Internet address
http://www.fda.gov/cdri/dsma/dsmamain.html

Sincerely yours,

gtw% wnpt”
Susan Runner, DDS, MA
Interim Director
Division of Anesthesiology, General Hospital,
Infection Control and Dental Devices
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 2
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January 31, 2003

Food and Drug Administration

Center for Devices and Radiological Health
(HFZ-308)

Office of Compliance

Information Processing and Office Automation Branch
9200 Corporate Boulevard

Rockville, MD 20850-4015

501(k) Notification 7 (38K QO

Dear SirfMadam,

AiroCide TiOz INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/or harmiul molds and
volatile organic compounds present in rooms or enclosed areas' treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, etc

(PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR Over-The-Counter Use.
(Per 21 CFR 801.109)

S‘ [4\ an (Optional Format 1-2-96)

(Division Sign-Off) )
Division of Anesthesiology, General Hospital,
Infection Control, Dental Devices

510(K Number;qg_&_n——“é&ﬁiﬂ—
(k) 2,

Questions? Contact FDA/CDRH/OCE/DID at CQRH¥FQiSTATUS@fda.hhs.gov or 301-796-8118
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Food and Drug Administration
Center for Devices and
Radioclogical Health

Office of Device Bvaluation
Document Mail Center (HFZ-401)
9200 Corporate Blwvd.

November 18, 2002 Rockville, Maryland 20850
KES SCIENCE & TECHNOLCGY, INC 510(k) Number: K023830

3625 KENNESAW N.INDUSTRIAL PKY Received: 18-KOV-2002

KENNESAW, GA 30144 Product: AIROCIDE TIO2

ATTN: JOHN HAYMAN, JR

The Center for Devices and Radiological Health (CDRH), Office of Device
Evaluation (ODE), has recelved the Premarket Notification you submitted in
accordance with Section 510(k) of the Federal Food, Drug, and Cosmetic Act
{Act) for the above referenced product. We have assigned your submission a
unique 510¢(k) number that is cited above. Please refer prominently to this
510(k) number in any future correspondence that relates to this submission.

We will notify you when the processing of your premarket notification has been
completed or if any additional information is required. YOU MAY NOT PLACE
THIS DEVICE INTOC COMMERCIAL DISTRIBUTICN UNTIL YOU RECEIVE A LETTER FROM FDA
ALLOWING YOU TC DO SO.

As a reminder, we would like to mention that FDA requires all 510(k) submitters
to provide an indications for use statement on a separate page. If vou have
not included this indications for use statement in addition te vyour 510(k)
summary (807.92), or a 510(k) statement (807.93), and your Truthful and
Accurate statement, please do so as soon as possible. If the above mentioned
requirements have been submitted, please do not submit them again. There may
be other regulations or regquirements affecting your device such as Postmarket
Surveillance (Section 522(a)(l) of the Act) and the Device Tracking regulation
(21 CFR Part 821). Please contact the Division of Small Manufacturers,
International and Consumer Assistance (DSMICA) at the telephone or web site
below for more information.

Please remember that all correspondence concerning your submission MUST be

sent to the Document Mail Center (DMC)(HFZ-401) at the above letterhead address.
Correspondence sent to any address other than the DMC will not be considered

as part of your official premarket notification submission. Also, please note
the new Blue Book Memorandum regarding Fax and E-mail Policy entitled,

"Fax and E-Mail Communicatlion with Industry about Premarket Files Under Review.
Please refer to this guidance for information on current fax and e-mail
practices at www.fda.gov/cdrh/ode/a02-01.html.

You should be familiar with the manual entitlied, "Premarket Notification 510(k)
Regulatory Requirements for Medical Devices" available from DSMICA. If vou have
other procedural or policy questions, or want information on how to check on the
status of vour submission (after 20 days from the receipt date), please contact
DSMICA at (301) 443-6597 or its toll-free number (800) 638-2041, or at their
Internet address http://www.fda.gov/cdrh/dsmamain. html or me at (301) 594-1190,

Sincerely yours,

Marjoerie Shulman

Consumer Safety Officer

Premarket Notification Staff

Office of Device Evaluation

Center for Devices and Radiological Health

wJ
O

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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b

510(k) Number: K T3 83¢ .
g2 »
The cover letter clearly identifies the type of 510(k) submission as (Check the appn@-iate gx): >
=3
0 Special 510(k) - Do Sections 1 and 2 M @ =
[J Abbreviated 510(k) - Do Sections 1, 3 and 4 ;; v R
.
M Traditional 510(k) or ne identification provided - Do Sections 1 and 4 T = 2
D o
Section 1: Required Elements for All Types of 510(k) submissions:
Present Inadequate
or Missing
Cover letter, containing the elements listed on page 3-2 of the -
Premarket Notification [510)] Manual.
Table of Contents. -
Truthful and Accurate Statement. -
Device’s Trade Name, Device’s Classification Name and —
Establishment Registration Number.
Device Classification Regulation Number and Regulatory Status -
(Class I, Class H, Class I or Unclassified).
Proposed Labeling including the material listed on page 3-4 of the p
Premarket Notification [510)] Manual.
Statement of Indications for Use that is on a separate page in the -
premarket submission.
-
Substantial Equivalence Comparison, including comparisons of the _
new device with the predicate in areas that are listed on page 34 of ’
the Premarket Notification [510)] Manual.

http./f'www fda.gov/cdrh/ode/checklist-f102_html

[
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301—79@:&1%

N

11/1/2002 -
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24
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510(k) Summary or 510(k) Statement.

Act and 21 CFR 807.87 (d).]

Description of the device (or modification of the device) including e
diagrams, engineering drawings, photographs or service manuals.
Identification of legally marketed predicate device. * -
Compliance with performance standards. * [See Section 514 of the P

Class III Certification and Summary. **

Financial Certification or Disclosure Statement for 510(k)
notifications with a clinical study. * [See 21 CFR 807.87 (i)]

510(k) Kit Certification ***

s

* - May not be applicable for Special 510(k)s.

** . Required for Class 1H devices, only.

*** _ See pages 3-12 and 3-13 in the Premarket Notification [510)] Manual and the Convenience Kits

Interim Regulatory Guidance.

Section 2: Required Elements for a SPECIAL 510(k) submission:

Present

Inadequate
or Missing

Name and 510(k) number of the sponsor’s own, unmodified
predicate device.

A description of the modified device and a comparison to the
sponsor’s predicate device.

A statement that the intended use(s) and indications of the modified

and indications for the sponsor’s unmodified predicate device.

device, as described in its labeling, are the same as the intended uses

A statement that the modification has not altered the fundamental
technology of the sponsor’s predicate device.

A Design Control Activities Summary that includes the following
elements (a-¢):

(no entry
here)

(no entry
here)

a. Identification of Risk Analysis method(s) used to assess the

results of the analysis.

impact of the modification on the device and its components, and the

http://www fda.gov/cdrh/ode/checklist-f102 html

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

11/1/2002

20
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b. Based on the Risk Analysis, an identification of the required
verification and validation activities, including the methods or tests
used and the acceptance criteria to be applied.

c. A Declaration of Conformity with design controls that includes
the following statements:

A statement that, as required by the risk analysis, all
verification and validation activities were performed by the
designated individual(s) and the results of the activities
demonstrated that the predetermined acceptance criteria were
met. This statement is signed by the individual responsible for
those particular activities.

A statement that the manufacturing facility is in conformance
with the design control procedure requirements as specified in
21 CFR 820.30 and the records are available for review. This
statement is signed by the individual responsible for those
particular activities.

Section 3: Required Elements for an ABBREVIATED 510(k)* submission:

Present Inadequate
or Missing

For a submission, which relies on a guidance document and/or
special control(s), a summary report that describes how the guidance
and/or special control(s) was used to address the risks associated
with the particular device type. (If a manufacturer elects to use an
alternate approach to address a particular risk, sufficient detail
should be provided to justify that approach.)

For a submission, which relies on a recognized standard, a
declaration of conformity [For a listing of the required elements of a
declaration of conformity, SEE Required Elements for a
Declaration of Conformity to a Recognized Standard, which is
posted with the 510(k) boilers on the H drive.)

For a submission, which relies on a recognized standard without a
declaration of conformity, a statement that the manufacturer intends
to conform to a recognized standard and that supporting data will be
available before marketing the device.

For a submission, which relies on a non-recognized standard that has
been historically accepted by FDA, a statement that the manufacturer
intends to conform to a recognized standard and that supporting data

http://www fda.gov/cdrh/ode/checklist-f102. htmi 11/1/2002

=2
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 3 \
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will be available before marketing the device,

For a submission, which relies on a non-recognized standard that has
not been historically accepted by FDA, a statement that the
manufacturer intends to conform to a recognized standard and that
supporting data will be available before marketing the device and
any additional information requested by the reviewer in order to
determine substantial equivalence.

Any additional information, which is not covered by the guidance
document, special control, recognized standard and/or non-
recognized standard, in order to determine substantial equivalence.

* - When completing the review of an abbreviated 510(k), please fill out an Abbreviated Standards Data
Form (located on the H drive) and list all the guidance documents, special controls, recognized standards

and/or non-recognized standards, which were noted by the sponsor.

Section 4; Additional Requirements for ABBREVIATED and TRADITIONAL 510(k) submissions

(If Applicable):

Present

Inadequate
or Missing

a) Biocompatibility data for all patient-contacting materials, OR
certification of identical material/formulation:

b) Sterilization and expiration dating information:

1) sterilization process

ii) validation method of sterilization process

iii) SAL

iv) packaging

v) specify pyrogen free

vi) ETO residues

vii) radiation dose

\

¢} Software Documentation:

.

Items with checks in the " Present but Deficient” column require additional information from the
sponsor. Items with checks in the " Missing" column must be submitted before substantive review of

http://fwww fda.gov/cdrh/ode/checklist-f102 html

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

11/1/2002
5L
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the document.

Passed Screening Yes No

Reviewer:

Concurrence by Review Branch:

Date:

The deficiencies identified above represent the issues that we believe need to be resolved before our
review of your 510(k) submission can be successfully completed. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 513(i) of the Federal Food, Drug, and
Cosmetic Act for determining substantial equivalence of your device. We also considered the burden
that may be incurred in your attempt to respond to the deficiencies. We believe that we have considered
the least burdensome approach to resolving these issues. If, however, you believe that information is
being requested that is not relevant to the regulatory decision or that there is a less burdensome way to
resolve the issues, you should follow the procedures outlined in the "A Suggested Approach to
Resolving Least Burdensome Issues” document. It is available on our Center web page at:
http://www.fda.gov/cdrh/modact/leastburdensome.html

Uploaded on January 29, 2002

CDRH Home | Search | A-Z Index | Feedback | Accessibility | Disclaimer

hitp:/fwww.fda.gov/cdrh/ode/checklist-f102.html 11/1/2002

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 Z%



510(k) Overview Page 1 of 1
Records processed under FOIA Request #2016-968 Released by CDRH on 8/19/2016

U.8. Food and Drug Administeation &
g‘ﬁg'ﬂ Conrer for Derices and Radiatogica! Health ﬁf CDRH Home | Search | A-Z Index | Feedback

510(k) Overview

Section 510(k) of the Food, Drug and Cosmetic Act requires those device
manufacturers who must register to notify FDA, at least 90 days in advance, of

their intent to market a medical device. This is known as Premarket Notification -
called PMN or 510(k) . It allows FDA to determine whether the device is equivalent
a device already placed into one of the three classification categories. Thus, "new
devices (not in commercial distribution prior to May 28, 1976) that have not been
classified can be properly identified.

Specifically, medical device manufacturers are required to submit a premarket
notification if they intend to introduce a device into commercial distribution for t
first time or reintroduce a device that will be significantly changed

or modified to the extent that its safety or effectiveness could be affected. Such
change or modification could relate to the design, material, chemical composition,
energy source, manufacturing process, or intended use.

Return to 510(k) Homepage

(November 15, 1996)

CDRH Home | Search | A-Z Index | Feedback | Accessibility { Disclaimer

http://www.fda.gov/cdrh/510k htmi 11/1/2002

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 &l‘t
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= Science &
== lechnology, Inc.

Food and Drug Administration

Center

for Devices and Radiological Health

(HFZ-308)

Office of Compliance

Information Processing and Office Automation Branch
9200 Corporate Boulevard

Rockvilie, MD 20850-4015

501(K)

Notification

Dear SirMadam,

We understand that if we (KES Science & Technology, Inc.) are to make claims that our Air
purifying system ("AiroCide TiQ, “- for photo catalytic removal of airborne pathogens) is suitable
for many applications, including helping to protect people in medical settings, then we are
required to complete the 510k process. We believe the AiroCide System will list as follows:

Device Purifier. Air, Ultraviolet, Medical
Product Code FRA

Device Class 2

510(k) exempt NO

Regulation Number 880.6500

AiroCide TiO, INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/or harmful molds and
volatile organic compounds present in rooms or enclosed areas: treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, commanrd and
control vehicles, embalming rooms in funeral homes, postal facilities, etc. We
assume this device would not be a primary defense (we assume that masks or
air venting would be primary).

AiroCide CURRENT FIELD TESTING: In addition previously completed laboratory
testing, we will be testing an AiroCide unit at the Fulton County, Georgia, Department of
Health, in their sputum coltection rcom. We have units currently in place in Erie, PA at
the Hamot Medical Center in one of their operating rooms (to see if there is a reduction
of CFU’s during procedures). We have tested AiroCide in a mold-condemned residence,
with positive results (see attached.) We have a registration number from EPA.

HOW THE AiroCide UNIT WORKS:

A) UVGI photons

3625 Kennesaw North Industrial Pkwy., Kennesaw, GA 30144 800-627-4913 (FAX)770-425-0837 www.kesmist.com

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 %S’
A
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B) Hydroxyl radicals

The unit pulls in air from the room and passes it through a reactor bed, which contains
UVGI (Ultra Violet Germicidal Irradiation) plus Titanium Dioxide (TiO), which is a
semiconductor photocatalyst. When the catalyst is iradiated with photons of less than
385 nm (the UVC light), the band gap energy is exceeded and an electron is promoted
from the valence band to the conduction band. This process generates Hydroxyl
radicals. Hydroxyl radicals and super-oxide ions are highly reactive species that
oxidize volatile organic compounds (VOCs) adsorbed on the catalyst surface. They will
also kil and decompose adsorbed bioaerosols. The process is referred to as
heterogeneous photocatalysis or, more specifically, photocatalytic oxidation (PCO). In
our test, the carbon atoms in the pathogens were radioisotope tagged. The Hydroxyl
radicals mineralized the organisms (reduced the organics to non organic forms such as
H,0O and CQ,). The CO, was found to contain the tagged Carbon (this also demonstrates
that the catalyst is self cleaning)

Organisms That AiroCide Removes, Kills and/or Mineralizes:

AiroCide has been proven to kill 99.99998 % of Bacilus Thuringiensis spores in one pass
through its reactor. (Bacilus Thuringiensis is the most similar spore-forming bacterium to
Bacilus Anthracis on the phylogenic tree.) It scientifically follows that AiroCide will
easily kill weaker or similar spores as well as the vegetative states of most all bacteria
found in the areas of proposed application of AiroCide (as noted above in the section of
this document “AirocCide INTENDED USE:")

To substantiate our above statement we note the following: According to Pennsylvania
State University (W.J. Kowalski, PhD), highly regarded in the US as an expert in bio-
terrorism “.,. To put this in perspective, this organism, in spore form, would require about
50 times the UV dose required to disinfect smallpox, tuberculosis, and Legionella. ..."

AiroCide System Description:

The Airocide unit is a 48" x 24" x 4" aluminum box, ETL-listed, which plugs into a
standard 110 outlet (458 watt max power consumption). The AiroCide has 52 UVGI 8
watt bulbs and approximately 5 pounds of TiO2 coated Rasching rings. Each unit
processes approximately 15,000 cubic feet in 24 hours and mounts on the wall or
ceiling. The only maintenance required is replacing the UVGI bulbs once per year.

We believe there are many uses for our system as it currently is engineered (for reducing
airborne pathogens). We have been working with the researchers at the University of Wisconsin
and with NASA (it is their technology) to quantify other potential prophylactic applications for our
system

SUBJECT: AiroCide TiO;

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 %
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Synopsis: AiroCide TiO, utilizes two well-established scientific mechanisms to kill bacteria,
mold, fungi, virus, spores, and to break down volatile organic compounds (VOCs). The first
killing mechanism is Mamps produce this light.
These lamps produce billions o photans. e second Kkiling mechanism is a
photocatalytic reaction with TiO.. This reaction occurs when photocatalytic TiO, coated rings are
placed around and excited by the UVGI lamps. This photocatalytic reaction produces millicns of
hydroxyl radicals, which kill and/or mineralize bacteria, etc. These two scientific mechanisms
have been proven to be effective pathogen killers by the University of Wisconsin and other
University laboratories. In University of Wisconsin testing these two mechanisms demonstrated
a 99.99998 % effective kill rate of B. thuringiensis spores (the very robust brother of B. anthrax
spores). AiroCide TiO2 reduces the concentration of bacteria, mold, fungi, spores, etc. in the air.
A mold test was conducted in an abandoned trailer in Austin, Texas on May 27, 2002 by
Michae! A. Bakenkamp Certified Mold Inspector. The test results indicate an 85% reduction in
mold spores with only one air turn with an AiroCide TiO, Unit.

Please find attached the following:

#1 FDA 2891 and a 2892 application for a new device dated October 29, 2002.

#5 AiroCide's ETL. listing of certified products.

#6 An AiroCide Device Description and Specification sheet.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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#10 Publication from the National Renewable Energy Laboratory Mineralization of Bacteria Cell
Mass on a Photocatalytic Surface in Air from Vol 32 NO. 17 1998 / Environmental Science &
Technology showing that E. coli was mineralized by TiO2 to CO; and H,O0.

#11 Overview of Photocatalysis Chemistry

#12 National Renewable Energy Laboratory - Chemistry for Bioenergy Systems Outlines what
science researchers have demonstrated regarding photocatalytic reactions. From
http://www nrel gov/ichemistry bioenergy/chemistry. html

#13 Summary Internet document of Dr. Michael Leung’s testing in a hospital operating room
“...For comparison, the same test was performed with the photocatalytic converter
disconnected. This showed filtration using only the HEPA fiiter reduced the bactenal count by
just 5.4 per cent. Therefore, the immediate disinfection effect of the titanium dioxide fiiter led to
the destruction of 46.6 per cent of airborne bacteria in one pass of air through the air purifier. ...”
From http.//mww.fhki.org.hk/hki09.htm

#14 Summary of test data of an AiroCide TiO, conducted at the W
on September 24, 2002 before the AiroCide TiO, was tumed on and October 15, an the
AiroCide TiO, was operating.

Please call or email me with any questions you may have.

Best regards,

hn J. Hayman, Jr.

KES Science & Technolfogy, Inc
President
KES Science & Technology, Inc.

Phone: 770-427-6500
Email: president@kesmist.com

www.kes-pro.com  PDF files about the testing and operation of the Airocide are
available at this site.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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CDRH SUBMISSION COVER SHEET

Date of Submission: FDA Document Number:
/- & - 0L
Section A Type of Submission
PMA PMA Supplement DR 510(k) Meeting
O Pre-IDE mtg.
O Regular O Presubmission Summary Original Submission; 0O Pre-PMA mtg.
Original Submission O Special [0 Original PDP (B Traditional O Pre-PDP mtg.
0O Modular O Panel Track [0 Notice of intent to start O Special O 180-Day mtg.
Submission 0O 30-day Supplement clinical trials O Abbreviated O Other (specify):
0O Amendment {0 30-day Notice O Intention to submit O Additional
O Report 0 135-day Supplement Notice of Completion Information:
O Report O Real-time Review O Notice of Completion 0 Traditional
Amendment O Amendment to PMA | O Amendment to PDP O Special
Supplement O Report O Abbreviated
O Report Amendment
IDE Humanitarian Device Class II Exemption Evaluation of Other Submission
Exemption Automatic Class IIT
O Original submission| 0 Original submission | O Original Submission Designation Describe
0O Amendment O Amendment O Additional Information o o ~ Sub.wlssmn:
O Supplement O Supplement S Original Submfiggion ,.,,&l: E
O Report Additional Infpppation e J
w28
s Sl 2
i . 'd:: e~
Section B Applicant or Sponsor P O CDD
— : — = T
Company/Institution Name: Establishment registration number; -« — %
KES Science € ﬁcr;vo;oag e, N
Division Name (if applicable): Phone number (include area code): '
770 - 427 - 6500
Street Address: Fax number (include area code):
3615 Kewnesaw WNowrw fusvsrrine [fFecioay 770 425~ 0F7
City: State/Province: Zip code: Country:
KENNES GE0R &/A 30144 VSA
Contact Name:
Toun Hayman Tr.
Contact Title: Contact e-mail a‘c}'drc s: +
PrRessDENT presicen ef«sm;s . Com
Section C Submission Correspondent (if different from above)
Company/Institution Name: Establishment registration number:
Division name (if applicable) Phone number (include area code):
Street Address: Fax number (include area code):
City: State/Province: Zip Code: Country
Contact Name:

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Note: Submission of this information does not affect the need to submit a 2891 or 2891a

Device Establishment Registration form.

FDA Document Numnber:

Section H Manufacturing/Packaging/Sterilization Sites Relating to a Submission
[HOriginal FDA establishment registration number: [@Manufacturer OContract Sterilizer
OAdd O Delete 0O Contract Manufacturer OJ Repackager/relabeler

Company/Institution name: ___

Establishment registration number:

KES StiENce ©  1ECHNOLOG Y //C‘
Division name (if applicable):

Phong number (include area code):

770 _#27- £5°0
Street address: y FAX number (include area code):
F42s Kewwespw Noxrr L'D VS TG IRORWRY 770 HYas- o877
Ci State/Province Zip code: Coun
q}(wmsmw GEorLrA 30149 -/23 3% 0?4
Contact name:
JoHn Hﬁymng‘ In.
Contact titlg;
lﬂle:' AESIDENT
I Origina FDA Establishment registration number: O Manufacturer O Contract Sterilizer

O Add 0O Delete

O Contract Manufacturer [ Repaclkager/relabeler

Company/Institution Name:

Establishment registration number:

Division name (if applicable):

Phone number (inciude area code):

Street address:

FAX number (include area code):

City: State/Province:

Zip code: Country;

Contact name;

Contact title Contact e-mail address:

O Original FDA Establishment registration number: O Manufacturer OContract sterilizer

0O Add O Delete O Contract Manufacturer CJRepackager/relabeler
Company/Institution name: Establishment registration number:

Division name (if applicable);

Phone number (include area code):

Street address: FAX number (include area code):

City: State/Province: Zip code: Country:
Contact name:

Contact title Contact e-mail address:

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Section E

Additional Information on 510(k) Submissions

Product codes of devices to which substantial equivalence is claimed:

Summary of, or statement concerning safety and
effectiveness data:

1 FRA 2 3 4 [] 510(k) summary attached
5 6 7 8 {0 510(k) statement

510¢k) Number Trade of Proprietary or model name Manufacturer

L pos4t |1\ 1210- Flenrer UV Lisy T L Dust free joc

2 0031477 |2 Kiéew Am Kws || 2 ApirowdACK foriFicd 71ow
3 903¢61d |3 CAP3)0 ULTRAVIOLET 3 ABATEMENT TelHIX IsS
4 @29939 |4 Setowd LIy S Mowact G, [

5 1pYE5F5 |3 KX AR 3000 5 CLequ At Resenech 7 bant 1<
6 6 6

Section F Product Information — Applicable to All Applications

Common or usual name or classification name:

Trade or proprietary or model name Model Number
1 — 1 -
Arolize T & [ Os
2 2
3 3
4 4
5 5
FDA document numbers of all prior related submissions (regardless of outcome);
1 2 3 4 5 6
7 8 9 10 11 12
Data included in submission: E‘faboratoly Testing [0 Animal Trials (J Human Trials

Section G Product Classification — Applicable to All Applicants
Product code: C.F.R Section Device Class:

F7CA O 6520 OClass I {(3Class II
Classification Panel: O Class IIT [J Unclassified
Indications (from labeling):

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Section D1 Reason for Submission — PMA,PDP, or HDE
\B<New Device O Change in design, component, or specification: D Location Change:
D Withdrawal O Software O Manufacturer
O Additional or Expanded Indications O Color Additive - O Sterilizer
O Licensing Agreement O Material O Packager
( Specifications O Distributor
O Other (specify below)
[ Processing Change:
(0 Manufacturing O Labeling Change: O Report Submission:
O Sterilization O Indications OAnnual or Periodic
O Packaging O Instructions O Post Approval Study
3 Other (specify below) O Performance Characteristics 3 Adverse Reaction
O Shelf Life O Device Defect
O Response to FDA correspondence: O Trade Name O Amendment
O Request for applicant hold O Other (specify below)_
[0 Request for removal of applicant hold
O Request for extension O Change in Ownership
[ Request to remove or add manufacturing site O Change in correspondent
O Other Reason (specify):
Section D2 Reason for Submission - IDE
DO New device Change in: {J Response to FDA letter concerning:
[J Addition of institation DO Correspondent [ Conditional approval
O Expansion/extension of study O Design [0 Deemed approval
O IRB certification O Informed consent 0O Deficient final report
D Request hearing [JManufacturer O Deficient progress report
D Request waiver O Manufacturing process O Deficient investigator report
D) Termination of study O Protocol - feasibility O Disapproval
O Withdrawal of application O Protocol ~ other O Request extension for time to
O3 Unanticipated adverse effect O Spensor respond to FDA
O Notification of emergency use [} Request meeting
O Compassionate use request O Report Submission:
O Treatment IDE OCurrent investigator
[J Continuing availability request O Annual progress
O site waiver limit reached
0] Final
O Other reason (specify):
Section D3 Reason for Submission — 510(k)
EA'New Device [J Change in technology T Change in materials
DO Additional or expanded indications O Change in design 0O Change in manufacturing process
0 Other reason (specify):

Uz

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Table of Contents

Form FDA 2892 Device Listing dated November 7, 2002
Form FDA 2891 Initial Registration of Device Establishment

Predicate Devices (for Ciassification Name-Purifier, Air, Ultraviolet,
Medical Device Class 2. Product Code FRA,
Regulation 880.6500, Medical Specialty — General

Hospital)
1-3 Bio-Fighter UV Light
4 Kleen Air-King
5-9 Cap300
10-18  Second Wind
18-21  RXAIR3000

Description

22 fndications for Use Form

23-26  501(K) notification letter with supporting documents (following)

182 An AiroCide Device Description and Specification sheet.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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202-204 Summary Internet document of Dr. Michael Leung's testing in a hospital
operating room “.._For comparison, the same test was performed with
the photocatalytic converter disconnected. This showed filtration using
only the HEPA filter reduced the bacterial count by just 5.4 per cent.
Therefore, the immediate disinfection effect of the titanium dioxide filter
led to the destruction of 46.6 per cent of airborme bacteria in one pass
of air through the air purifier. ...” From http://www.fhki.org. hk/hki09.htm

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 b[ L*




Records processed under FOIA Request #2016-968 Released by CDRH on 8/19/2016

Test Data
207 Truth and Accurate Statement

208 Pre-market Notification Statement
209-254 AiroCide DATA

Labeling
255 Labels used on AiroCide TiO2

256 ETL Authorization to Mark

257-258 Owners Manual and Instaflation Instructions (included in shipping
carton)

Specifications

260

AiroCide’s ETL listing of certified products.

nus

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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U.$. Food and Drug Administration
[H}HH Cenh’rforﬂerkesmcdsRadia!ag:'m”fem‘n_b \xg CNDRH Home | Search | A-7Z Index | Feedback
o0 510 | Registration | Listing | Adverse | PMA | Classification | CLIA
-7 T &) Events
. | LER | Advisory | Assembler | NHRIC | Guidance | Standards

Prototype - for testing only Titic 21 Committees

New Search Back To Search Results

Device Listing Database

Proprietary Device Name: BIO-FIGHTER UV LIGHT
Common/Generic Device AIR DUCT MOUNTED UV-C LIGHT

Name: FIXTURE (VARIOUS MODELS)
Classification Name: ;%FSIEELR , AIR, ULTRAVIOLET,
Device Class: 2

Product Code: FRA

Regulation Number: 880.6500

Medical Speciaity: General Hospital
Owner/Operator: DUST FREE, INC.

Owner/Operator Number: 92000546
Registered Establishment DUST FREE, INC.

Name:
Establishment
Registration Number: 1651838
Date of Listing: 101201
Listing Status: Active
Establishment
Operations: Manufacturer
Database Updated 11/5/2002
CDRII Homg | Search | A-Z Index | Feedbaek | Accessibnlity | Disclaimer
http://www.accessdata.fda.gov/scripts/cdri/cfdocs/cfRL/listing.cfm?& [D=420 11/8/2002

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 L} [Q



Germicidal Ultraviolet Lights

A solution for
Microbial Contaminants
in HVAC sysitems.

Dirty Socks Syndrome. Sick Building Syndrome. These are
some of the names given to mold and bacteria problems in
HVAC systems. Germicidal light (UV-C) is a very cost effec-
tive method of combatting bacieria, viruses, yeasts, and
motds. In fact, UV-C can actually inactivate these micro-
organisms. The potential benefits are many; increased HVAC
coil efficiency, lower maintenance cosis, improved indoor air
quality, and affordability.

For over 70 years, UV-C has been an effective tool in neutral-
izing harmful pathogens. Many of the molds, bacteria, and
fungi that cause odors and problems in your air handling sys-
tem, can be decreased with the instaliation of UV-C light.

Features and Benefits

s

A
RN

SN,

m Medical studles prove the effectiveness of
UV-C light.

m Avallabie for residential, commercial, and
industrial applications.

m Assists In the prevention of mold growth on
HVAC colls, allowing them to operate at peak
efficlency.

m Neutralizes many bacteria, viruses, fungi,
yeasts, and molds.

Bio-Fighter Triad
m Inexpensive to operate. Only pennles per day.
m High output, long life UV-C bulbs.

m Great for homes, restaurants, offices,
hospitals, day care centers, etc.

m Surface/airborne microblal control
applications.

m Low maintenance and reduced costs.

m Longest fixtures avallable on the market.

*j' DUST FREE

|
! : www.dustfree.com

Bio-Figt'r“Nomad 2 & Nomad

4]

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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BIO-FIGHTER®

Germicidal Ultraviolet Lights

® Nomad/Nomad 2
m Triad
B Commercial Series

Blo-Fighter® Nomad 2/Nomad

The Nomad and Nomad 2 installs
almost anywhere inside the HVAC sys-
tem. Either Nemad maodel utilizes a
high-cutput tube design in conjunction
with a high power ballast to produce
increased levels of UV-C energy. An
excellent one year warranty on chassis
and electrical.

m High-output, low pressure,
twintutve bulb design.

N Perfoct for surtace micro-
bial control applications.

H Single or duaf bulbs.

A 9" or 18" hulb tengths,

Blo-Fighter® Triad

The Triad offers high UV-C output for
surface or airborne microbial control
applications. Features include dual safe-
ty devices to reduce the risk of acciden-
tal exposure to UV-C light, improved
construction and appearance, limited
lifetime warranty, and ETL safety agency
listing. The Triad is cptionally available
with odor reducing bulbs.

m ETL safetly agency listing.
H Limited Itetime warranty.

u Single and dual bulb
options.

m 16" or 20" bulb lengths,

Blo-Fighter* Commerclal Serles

The Commercial Series provides a solu-
tion for irradiating large commercial
cooling coils. Reduce maintertance costs
by using one Commerciai Series in
place of several smaller UV-C fixtures.
Available in lengths up tc five fect. An
excellent one year warranty on chassis
and electrical.

m High-output Magnum hulbs.

H Avaliable In lengths up to
five feeot.

H WMultiple fixtures are easily
wired in seorieas.

H Polished aluminum reftector
Increases UV-C radlance.

Curront  Microwol's Orone Avoroge

Parl # Oescription Bose Dimansions Weight Valis {Ma) al | meler Generation Tuae Lilo
04400 Nomed 2D 3571 x 3.9'W x 2.5"H 2.20 |bs. 120/230 380 90 None 9C00 Hours
04401 Nomad 160 7Lx3.5Wx 3.125H 3.75 tos. 120/230 700/450 190 Mone 3000 Hours
04966 Nomod 209 170 x 5.875'W x 2.125H 5.35 Ibs. 120/230 760 180 Nona 9020 Hours
04967 Nomad 2D16 170 x 5.875"W x 2.125°H 7.60 |bs. 120/230 | 1400/900 380 None 9000 Hours
04404 Teiad 15 14" 6750 x 1 1'W x 2°H 1.50 lbs. 120/230 750 375° Optional 9000 Hours
%__ 04405 Trind 1S 20" .75 x 11"Wx 2°H 4.50 ibs. 120/230 750 375° Optional 2000 Hours
04407 Trind 25 16" 6.75'L x 14"W x 2'H 6.75 Ibs 120/230 750 750° Oplional 9000 Hours
04408 Trind 25 20" 675" 2 VA"W 1 2'H 6.75 s, | 120/230 750 750° Optional 2000 Hours
04210 Commercial 3ft. 34125 x W x 3.14'H 5.90 lbs. 220 800 230 Optiona! 2000 Hours
04911 Commercial 4k 46'L x 2"W x 3.16"H 7.00 lbs. 220 800 320 Qptional 2000 Hours
04912 Commercial 5#. 62.125°Lx 2'W x 3.16'H 7.55 lbs. 220 800 380 Qpliona! 2000 Hours

“Microwalt oulpu! moasured of 127, 50°, 24" x 24" dugl, 750 CFM.

, DUST FREE

www.dustiree.com

PO Box 519
Royse City, TX 75189
1-972-635-9564

All specifications subject 1o change wilhout notice.

©Oust Free 2002 Dust Free and Bia+ighter are trademarks of Dust Hree, Inc. 21202100 Rev. 28 7002

“9

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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1/5. Food and Drug Administration

[H}H“ Conter for Derices and Radiofogical Health :\‘ﬁﬁ

A iR L e s

CDRI Home { Scarch | A-Z Index { Feedback

o o 511
ST ChEg 0 ®
: Serpar Soesh CFR | Advisory
Prototype - for testing only Title 21 Committees

New Search

0 | Registration | Listing | Adverse

| PMA | Classtfication | CLIA
Lvents

| Assembler | NHRIC | Guidance | Standards

Back To Search Results

Device Listing Database

Proprietary Device Name:

Common/Generic Device
Name:

Classification Name:

Device Class:
Product Code:
Regulation Number:
Medical Specialty:

Owner/Operator:

Owner/Operator Number:

Registered Establishment
Name:

Establishment Registration
Number:

Date of Listing:
Listing Status:
Establishment Operations:

KLEEN AIR-KING 1l {OZONE
GENERATORO

KLEEN AIR-KING [t (OZONE
GENERATORO

PURIFIER, AIR, ULTRAVIOLET,
MEDICAL

2

FRA

880.6500
General Hospital

ADIRONDACK PURIFICATION
CO., INC.

9031477

ADIRONDACK PURIFICATION
CO., INC.

1320485

08/07/97
Site Tentatively out of business
Manufacturer

Database Updated 11/5/2002

CDRIM Home | Search | A-7 Index | Feedback | Aceessibility | Dhsclaimer

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfRL/Listing.cfm?ID=65833

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

11/7/2002
28
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US. Food sad Drug Administration I
“MH Center for Devices and Radiological Health i
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CDRH Home | Secarch | A-Z index | Feedback

510(k) | Registration | Listing | Adverse | PMA | Classification | CLIA

o g

- 0¥ o

SoprSoarch CFR | Advisory
Prototype - fortesting only  Title 21 Comunittees

New Search

Evcnts
| Assembler | NHRIC | Guidance | Standards

Back To Search Resuits

Device Listing Database

Proprietary Device Name:

Common/Generic Device
Name:

Classification Name:

Device Class:
Product Code:
Regulation Number:
Medical Specialty:

Owner/QOperator:

Owner/Operator Number:

Registered Establishment
Name:

Establishment Registration
Number:

Date of Listing:
Listing Status:
Establishment Operations:

CAP300 ULTRAVIOLIGHT
CAP300

PURIFIER, AIR, ULTRAVIOLET,
MEDICAL

2

FRA

880.6500
General Hospital

ABATEMENT TECHNOLOGIES,
LTD.

9034618

ABATEMENT TECHNOLOGIES,
LTD.

3000135138

031201
Active
Manufacturer

Database Updated ! 1/5/2002

CDRH Home | Scarch | A-Z Index | Feedbach | Accessibility | Disclaimer

[1/435/2002 313 PM

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Home air purification - increase air quality with "whole house" air cieamng, Lage 4w o
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BATEMENT
ECHNOLOGIES'

! Mow to Purthoss - | Mo
[ Cantral Air Purifiers ' R

CentraiB¥dir Puritiers
CAP300 UltraViolight™ Plus CENTRAL AIR PURIFIER

The UltraViolight Plus ™ Central Air Purifier (CAP300-UVP1) is primarily designed for use in homes
with microbial growth, VOC, humidity, moisture, or odor problems. Since this system does not
provide particulate filtration, it is the perfect choice for homes that already have an upgraded HVAC
particulate filtration unit such as the CAP100 or CAP100BP, or a competitive model. The
UltraViolight Plus ™ system features the same UV Plus lamp (germicidat UV and photolysis) used
in the CAP100-UVP model.

Place your mouse over arrows below for more information on each feature.

# {lluminated On/Qff Switeh
*  High Output Lamp

Easy Installation

» Safety First

*  Full Duct Coverage

* Elactrical Enclosurn

» Lamp Mounfing Gashkef

The extra long lamp provides full duct coverage.

http.//www abatement.com/homeair/cap300.htm 11/7/2002

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 gl b



Home air purification - increase air quality with "whole house” air cieaning, rage vl &
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Go to CAP100 SERIES Go To CAP600 Series

CLICK HERE CLICK HERE

Two Steps for Better IAQ | CAP Technologies | CAP Products
CAP100 Series | CAP300 Series | CAP600 Series
FAQ | How to Purchase CAP Products | CAP Home

http://www.abatement.com/homeair/cap300.htm 117772002 _

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 - —]
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BATEMENT
ECHNOLOGIES'
: for { Central Air Purifier | Central: Air Purifier FAQ * How to Purchase
IAQ E Technologias IE = Products - | | Cantral Air Puritiers |

| Home

Central@iir Purifiees

CAP TECHNOLOGIES

¢ Particulates ,,“‘#E%;\
Each CAP model ! N P
incorporates one or more of ;
the following air purification
technologies:

e Particulate filtration

e Qdor and gas
adsorption

o Uitraviotet
qermicedal
irradiation (UVGH)

e Photolysis

Bactesia

Particulate Filtration

Particulate matter in indoor air exists in a wide range of particle sizes. Large,
visible particies are most easily trapped by most filter media. These particles are
too iarge to be respirable (breathed into the lungs), and are more of a
housekeeping probiem than a health threat, as they tend to drop out of the air
and accumulate on surfaces. CAP100 series models utifize much higher
efficiency particulate filters, designed to capture smaller (1 to 25 micron) particles
which can pass right through most furnace filters, such as soot, very fine dust,
dust mite and insect remains, pet dander, and pollens. The true HEPA (High
Efficiency Particulate Air) filters in the CAP600 modets, certified to a minimum
efficiency of 99.97% at 0.3 microns, effectively capture even smaller microscopic
particles and biological potlutants, such as tobacco smoke, bacteria, viruses, and
moeld and fungal spores.

Carbon Adsorption

Activated carbon filters are utilized in CAP600 series models to eliminate or
reduce airborne gases and odors. This is done via a process known as
adsorption, whereby the gaseous molecules of the contaminants are attracted to
and chemically bond to the surface of the carbon. The amount of carbon required
and the life of the carbon filter are determined by the concentration of gases and
odors in the home. A special woven carbon filter media is typically sufficient for
the light or moderate odor leveis found in most homes. Heavy-duty granular
carbon filters are available for homes with higher concentrations of odors from
pets, cooking, or smokers. Special “triple blend" filters are available for removing
certain gases and odors that are less effectively adsorbed by carbon.

Uitraviolet Germicidal Irradiation
Uttraviolet germicidal irradiation (UVGI) is a part of the spectrum of

http://www abatement.com/homeair/technologies.htm 11/7/2002
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electromagnetic energy generated by the sun. UVGI can aiso be generated
artificially with specially designed germicidal UV lamps. UVGI lamps have been
used for more than 40 years to disinfect air in hospitals, and to reduce bacterial
contamination in food storage and pharmaceutical facilittes. UVGH "kilts"
microorganisms by destroying their DNA, and is most effective against bacteria
and viruses. Now this proven microbial control technology is availabie for the
residential market. Ail three CAP product series inciude models equipped with
special UV Plus lamps that emit high output UVGI.

Photolysis

Molds, fungi, and other organisms are typically much more resistant to germicidal
UV than bacteria and viruses, often requiring up to 100 times more exposure for
an effective "kill" rate. The unique UV Plus lamps therefore also generate UV
energy in a second wavelength range to produce a controlled amount of frivalent
oxygen - also known as ozone - via a chemical oxidation reaction known as
photolysis. Ozone is used throughout the world for numerous air and water
purification and deodorization applications, such as purifying the bottled water we
drink. This powerful oxidizer breaks down unpleasant odors, and provides
increased effectiveness against moids and mold products.

The return duct installation of CAP products also enables ozone to be used both
safely and effectively. By utilizing the HVAC system as the "oxidation chamber”,
ozone can penetrate into the coil, drain pan, and other downstream system
components that are particularly susceptible to mold and fungal growth without
elevating ozone levels within the occupied living space.

Centra! Air Purification
Family of Products

CLICK HERE

Two Steps for Better IAQ | CAP Technologies | CAP Products
CAP100 Series | CAP300 Series | CAP600 Series
FAQ | How to Purchase CAP Products | CAP Home

http.//www abatement.com/homeair/technologies.htm

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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. g 510 | Registration | Listing | Adverse | PMA | Classification | CLIA
e 2 (S} Events
W CIR | Advisory | Assembler | NHRIC | Guidance | Standards

Prototype - for testing only Title2i ~ Committecs

New Search Back To Search Results

Device Listing Database

Proprietary Device Name: SECOND WIND
Common/Generic Device SECOND WIND PINNACLE AIR

Name: PURIFIER,NOBLE AIR PURIFIER
Classification Name: E%%EEE . AR, ULTRAVIOLET,
Device Class: 2

Product Code: FRA

Regulation Number: 880.6500

Medical Specialty: General Hospital
Owner/Operator: SELECT DESIGN LTD.

Owner/Operator Number: 9029939
Registered Establishment MONAGAN ENT.. INC.

Name:
Establishment
Registration Number: 1320726
Date of Listing: 03/26/97
Listing Status: Active
Establishment : .
Operations: Manufacturer, Specification Developer
Database Updated 11/5/2002
CDRi{ Tome | Search | A-7 Index | Feedback | Acgessibility | Diselamer
http://www.accessdata. fda.gov/scripts/cdriv/cfdocs/cfRLAisting.cfm?&ID=64778 11/7/2002
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration

9200 Cosporate Boulavard

Rockville MD 20650
APR 2 %€

Mr. George C. Monagan

President

Monagan Enterprises, Incorporated
14247 Ridge Road

Albion, New York 14411

Re: K980745
Trade Name: First Breathe and Second Wind Air Purifier,
Ultraviolet HVAC Mounted
Regulatory Class: Il
Product Code: FRA
Dated: January 9, 1999
Received: January 14 13599

Dear Mr. Monagan

We have reviewed your Section 510(k) notification of intent to
market the device referenced above and we have determined the
device is substantially equivalent (for the indications for
uge stated in the enclosure) to devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the
Medical Device Amendments, or to devices that have been
reclassified in accordance with the provisions of the Federal
Food, Drug, and Cosmetic Act (Act). You may, therefore,
market the device, subject to the general controls provisions
of the Act. The general controls provisions of the Act
include requirements for annual registration, listing of
devices, good manufacturing practice, labeling, and
prohibitions against misbranding and adulteration.

If your device is clasgified (see above) into either class II.
(Special Controls) or class III (Premarket Approval), it may
be subject to such additional controls. Existing major
requlations affecting your device can be found in the Code of
1 , Title 21, Parts 800 to 895. A
substantially equivalent determination assumes compliance with
the Good Manufacturing Practice for Medical Devices: General
(GMP) regulation {21 CFR Part 820) and that, through periodic
GMP inspections, the Food and Drug Administration (FDA) will
verify such assumptions. Failure to comply with the GMP
requlation may result in regulatory action. In addition, FDA
may publish further announcements concerning your device in
the Federal Regigter. Please note: this response to your
premarket notification submission does not affect any
obligation you might have under sections 531 through 542 of

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Page 2 — Mr. Monagan

the Act for devices under the Electronic Product Radiation
Control provisions, or other Federal laws or regulations.

This letter will allow you to begin marketing your device as
described in your 510(k} premarket notification. The FDA
finding of substantial equivalence of your device to a legally
marketed predicate device results in a classification for your
device and thus, permits your device to proceed to the market.

If you desire specific advice for your device on our labeling
regulation (21 CFR Part 801 and additicnally 809.10 for in
vitro diagnostic devices), please contact the Office of
Compliance at (301) 594-4692. Additionally, for questions on
the promotion and advertising of your device, please contact
the Office of Compliance at (301) 594-4639. Also, please note
the regulation entitled, "Misbranding by reference to
premarket notification® (21 CFR 807.97). Other general
information on your responsibilities under the Act may be
obtained from the Division of Small Manufacturers Assistance
at its toll-free number (800) 638-2041 or (301) 443-6597 or at
its internet address "http://www.fda.gov/cdrh/dsmamain.html".

Sincerely yours,

,Zﬁg?ZZ?Ez&a&/cf:;;xzz¢¢ig%2§25z__

Timothy A. Ulatowski
Director

pPivigion of Dental, Infection Contreol,

and General Hospital Devices
Office of Device Evaluation
Center for Devices and

Radiclogical Health

Enclosure

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

51



S10(x) Namber: KIOIT4S Witaire eI

Device Name: Svcond Wind Alr Pavifier/¥irs Breath Alr Purifies KVAC Mownled

Indications Fer Usc
MWMWmW.u“hnnVM:mem

mhﬁmmwwuwwu-qumw.

micdia filter, bumsblifylng dévice, proper cowtvels 1 yua the feu and the sexting of any ductwork.

Second Wind air parifier hﬂﬁmwhmm-
mjlizqmm-ehhr::ummunwﬂmdrqm?.

mmnwwmmwwmwwmwmm
within o bowe or buninces.

. (PLEASE DO NOT WRITE BELOW THIS LINE - CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

rescription Use -
‘cc 21 CFR 801.109) B :R {\  OvecThe-Countec Use
on -
D(D.*". gn-Off)

on Oy {Optional Format 1.2-96)
and mxm (_,omw],
Gettcral Hospital Devices
510(k) Number
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 '5 3
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lr 4] Model 3000
Application Portable Air Purifier
Controls Manual
Air Flow 600 to 800 CFM

Recommended Room size
Efficiency

Power

Dimensions

Weight

Shipping Dimensions

Shipping Weight approx.

4,000 to 4,800 cubic feet

To 99.99% @ 0.3 Microns

3.1 amps @ 110 volts 60 hz slp
21"Wx 24" Lx35"H

86 Ibs.

23"Wx 26" x 33" H

100 Ibs.

Specifications subject to change without notice.

3000m Manual
Adobe acrobat format .pdf
"approx download time 1 min at 28800"

http://www.rxair.com/3000specs.htm

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Clean Air Research & Environmental Inc.
3227 Commander Drive - suite 101 - Carroliton, Texas 75006 - Phone (972) 233 2777 - Fax: (972) 233 (533

Home

http://www.rxair.com/3000specs.htm 11/7/2002
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’l’ q Air the way it was meant to be.....

S —
AR PURIFIER

Home T ¥ Feodtmck FY Cotentst F% Seswch T

Photo-Catalytic Oxidation (PCO)
The Technology

In order to fully understand PCO, we must first leam a little about the metal catalyst involved, Titanium in this case.
Titanium has been stated as being a light, strong, and anti-corrosive. These characteristics are largely due to its
unique, very thin barrier layer of oxidized film on its surface. This invisible surface layer, Titanium Oxide (Ti02), is
quite remarkable in the fact that it will if scratched or damaged, immediately restore itself in the presence of air or
water. The Ti02 film layer also has a high refraction ratio and when it is irradiated by UV light of less than 385nm,
the band gap energy (the level of energy photons needed to be able to free electrons from their atomic bonds) is
exceeded. What is created are electron/hole pairs, hydroxyl radicals (OH), thus attracting molecules, i.e. volatile
organic compounds and bioaerosols, to the catalyst Titanium. The contaminants are oxidized by the reaction that
takes place during the process due to the fact that the OH radicals need to attach themselves to something, and
when they do they oxidize it to C02 and H20 primarily.

Diagram of the POC Process

A good analogy to think of when you are pondering the concept is electronic air cleaners. Electronic air cleaners
work by charging the large dust particles passing through them with an electronic charge, either positive or
negative, The particles are than collected on oppositely charged metal plates. With PCO, after the VOC's and
bioaerosols are attracted to the titanium, they are come into contact with the OH radicals which change the
contaminants molecular structure. PCO will kill and decompose absorbed bicaerosols, as well as toxic VOC's and
the odors they produce.

As can be seen from these charts the oxidation power of OH radicals is second only to that of fluerine. Looking at
the oxidation power of ozone we can determine that it is not as powerful an oxidant as singlet oxygen or OH
radicals. Therefore an ozone generator, though a good method of oxidizing VOC's, is not as effective as singlet
oxygen 1.78 or OH radicals 2.06 in oxidizing contaminants.

10/30/2002 10:34 AM

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 (Q ).
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Advantages of Photo-Catalytic Oxidation

4t High destruction efficiencies at roof temperatures
#y No chemical additives
#: No residual ozone
* High oxidation vields for gas phase reactants and odors.
Low energy requirements
Complete oxidation of organics to C02 & H20 is possible (VOC's and bioaerosols)
Applies to a large number of organics (VOC's and bioaerosols)
- Works in humid conditions
Long service life
- Low maintenance requirements
+ Negligible pressure drop in duct system
Low system cost
Easy to install

N

g y

PSR e et

Now that PCO technology can be integrated into new and existing heating, air conditioning, and ventilating
systems everyone (even the most chemically sensitive) have an effect process for removing and destroying
low-level indoor air pollutants including mold, bacteria, viruses, and fungi.

There have been numerous scientific studies, research and applications using PCO technology. The following are
a few exerts from some:

*One effective method to destroy dilute concentrations of organic and chlorinated organic pollutants in air is
heterogeneous POC, which uses a semiconductor catalyst such as Ti02 and near-UV radiation to decompose
contaminants...” The large number and variety of chemicals successfully treated by PCO indicates potentially
broad range of application.”

John L. Falconer, Ph.D. Professor of Chemical Engineering Univ. of Colorado, Ph.D (Chemical Engineering),
Stanford University 1974, B.E.5. (Chemical Engineering}, The John Hopkins University, (1967)

"Photocatalysts for the destruction of indoor air pollutants, including VOC's and gaseous inorganic pollutants such
as nitrous oxides, carbon monoxide, and hydrogen cyanide..." (Heller 1996). "Report test show the technology
capable of rapidly destroying toxic components of tobacco smoke such as formaldehyde, acrolein and benzene.”
Taken from the American Lung Association webpage January 24, 2001

"...The PCO technique destroys pollutants in both air and water..."
NREL National Renewable Energy Laboratory

"...Carbon 13 labeled ethanol (CH3(13)CH20H) was absorbed on the catalyst and photocatalytically oxidized..."
Darrin 8. Muggli; Sheldon A. Larson, John L. Falconer Journal of Chemistry 1996

* .. The purpose of this study is to investigate the purification of air emissions contaminated with toluene via the
heterogeneous photocatalytic oxidation {(PCO) process..." .. Experimental results indicated that near to 100%
conversion ration of toluene are achieved for the initial 30-minute reaction period...”

Chung-Hsuang Hung Phatocatalytic Decomposition of Toluene Under Various volatile organic compounds
temperatures.

"...Photocatalytic oxidation (PCO}, a relatively new technology, shows promise for economically controlling
hazardous air pollutants and volatile organic compounds from smaller sources, such as waste water treatment
plants, dry cleaning facilities, painting facilities, carbon regeneration plants, air-stripping towers, soil venting
processes, hazardous waste incinerators, and municipal landfills..."

Melanie Louise Sattler, Method for Preticting Photocatalytic Oxidation Rafes of Organic Compounds

*...Potential applications for using titania-based materials as photocatalysts include...Destroying volatile organic
compounds (trichloroethylene, benzene, formaldehyde, etc,). Reducing air pollution in homes and industries such
as dry-cleaners, painting boeoths, and printers...”

Marc A Anderson, Professor Water Chemistry Program and Material Science, University of Wisconsin

*...In addition to automobile exhaust cleaning, use of environmental catalysts such as titanium oxide photocatalysts

2of 5 10/30/2002 10:34 AM
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is rapidly growing for control of residential environments, e.g., antimicrobial activity and odor control...”
Katsunori Yogo, Masamichi Ishikawa, interdisciplinary Department, Frontier Science Institute, Mitsubushi
Research Institute, Inc.

" Titanium dioxide is therefore applied for deodorizing, by decomposing substances causing bad odor, and for
prevention of air poliution by absorbing and oxidizing..."
Japan Chemical Week, August 26, 1999

Those are just a few examples of the vast research that has been and s being done on
PCO technotlogy, including Second Wind's own testing recently completed at the 1AQ
labs of the University at Waterloo on our own photocatalytic air purifiers. Please view the

dramatic results of our testing on the following page.
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All of the information on these pages can be obtained for more in depth study. All
references and test data are available on request.

COMPARATIVE SUMMARY OF
AIR CLEANING TECHNOLOGY

Second Active HEPA Alr Chemical High Electro-
Wind Carbon Fliter Ozonation Biocide Energy static
PCO Fliter uv Filter

Jofs 10/30/2002 10:34 AM
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Captures X X X
Microorganisms

Destroys X X X X

Microorganisms

Creates No X
Hazardous
Waste Products

Generates no X X X X
Ozone
Captures High X X
Molecular Welght
VOCs
Captures Low X X
Molecular Welght
VOCs
Destroys High X X X
Molecular Weight
VOCs
Destroys High X
Molecular Welght
VOCs
Unlimited Capacity X X X
Ellminates X X X
Organic Odors
Low Pressure Drop X X X X
Low Maintenance X X
Cost
Low Operating X X
Cost

40f5

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

10/30/2002 10:34 AM
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Device Listing Database

Proprietary Device Name:

Common/Generic Device
Name:

Classification Name:

Device Class:
Product Code:
Regulation Number:
Medical Specialty:

Owner/Operator:

Owner/Operator Number:

Registered Establishment
Name:

Establishment Registration
Number:

Date of Listing:
Listing Status:
Establishment Operations:

RXAIR 3000
RXAIR 3000

PURIFIER, AIR, ULTRAVIOLET,
MEDICAL

2

FRA

880.6500
General Hospital

CLEAN AIR RESEARCH &
ENVIRONMENTAL, INC.

9011073

CLEAN AIR RESEARCH &
ENVIRONMENTAL, INC.

1648585

03/25/96
Active
Manufacturer

Database Updated 11/5/2002

CDRI Home | Scarch | A-Z Index | Feedback | Acgessibility | Disclaimer

http://www.accessdata fda.gov/scripts/cdrh/cfdocs/cfRL/Listing.cfm?ID=56959

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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1.1 General Description

Intended Use

The RxAIR is designed to circulate room air through the patented multistage HEPA
filter to remove microbial airborne particulate. Contaminated air is therefore
continuously purified by passing through the RxAIR filter. Twelve air changes per
hour are easily achieved in an 18 ft x 20 ft room resulting in a continuous cleansing
or “washing” of the room air. This is analogous to hand washing's effect on skin
contamination and helps to control airborne particulates.

The effectiveness of the device is dependent upon room parameters such as room
size, central heat and air, doors, windows, etc. Clean Air Research & Engineering
consultants are available for detailed analysis of room parameters. As a general rule
it is necessary to keep windows and doors closed for maximum effectiveness of the
RxAIR unit.

The RxAIR is easily utilized in any room where air cleansing is desired, such as

offices, classrooms, health care rooms, waiting rooms, and day care facilities. The
technical support staff at RxAIR is available for consultation and support.

2.1 Controls and Indicators

Power Switch
Press to turn the unit on or off,

Blower Switch
Press to alternately select Hi or Low blower speeds.

On Indicator

HI/ LOW Blower Indicators

Replace UV Buib Indicator
MNuminates when the UV bulb requires replacement. See maintenance section.

Replace Filter Indicator
Hiuminates when the filter requires replacement. See maintenance section.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 LQ %‘
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6.1 Performance Specificatigns:

General
Filter 5 stage combination HEPA with UV
Air Changes per Hour 12 @ 4,000 cubic feet
Air Flow in C.F.M 48,000 on Hi / 36,000 on Low
Dimensions 21"Wx24"Lx35"H
Weight 84 Ibs.
Chassis Polyethylene
AC Power Requirements 110-125 volts RMS AC 3.5 amps
HEPA filter
{ Certified HEPA filter- Minimum efficiency of 99.99% on 0.3 micron particles
{ Five stage filtration consists of:
{ 1. External prefilter
{ 2. Germistatic prefilter
{ 3. RxTrete electrostatic prefilter
{ 4. HEPA
{ 5. Charcoal absorber

UV-C Germicidal ultraviolet lamp

{ 8 watts
{ 12" overal length
{ Ozone free quartz envelope

Safety

{ AAMI Risk Currents: 0.1 ohims chassis to power ground connection, less than 100ua
RMS measured from chassis to ground through standard AAMI
load with AC power applied,

Environmental Characteristics

{ Operating Temperature:
{ Operating Humidity:

{ Storage Temperature:

{ Storage Humidity:

{ Operating Altitude:

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Page_ | of |
510(k) Number (if known)._Ce22 52

Device Name:_/11goCive  Ti Oa

Indications For Usa:

AiroCide TiQ; INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/ar harmful moids and
volatile organic compounds present in rooms or enclosed areas: treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, etc. We
assume this device would not be a primary defense (we assume that masks or
air venting would be primary).

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concumrence of CDRH, Office of Device Evaluation (ODE)

(Optional Format 3-10-98)

3
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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= Science &
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=== lechnology, Inc.

Food and Drug Administration

Center

for Devices and Radiological Health

(HFZ-308)

Office of Compliance

Information Processing and Office Automation Branch
9200 Corporate Boulevard

Rockville, MD 20850-4015

501(k) Notification

Dear SirfMadam,

We understand that if we (KES Science & Technology, Inc.) are to make claims that our Air
purifying system (“AiroCide TiO, “ for photo catalytic removal of airborne pathogens) is suitable
for many applications, including helping to protect people in medical settings, then we are
required to complete the 510k process. We believe the AiroCide System will list as follows:

Device Purifier. Air, Ultraviolet, Medical
Product Code FRA

Device Class 2

510(k) exempt NO

Regulation Number 880.6500

AiroCide TiO, INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/or harmful molds and
volatile organic compounds present in rooms or enclosed areas:. treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, elc. We
assume this device would not be a primary defense (we assume that masks or
air venting would be primary).

AiroCide CURRENT FIELD TESTING: In addition previously completed laboratory
testing, we will be testing an AiroCide unit at the Fulton County, Georgia, Department of
Health, in their sputum collection room. We have units currently in pface in Erie, PA at
the Hamot Medical Center in one of their operating rooms (to see if there is a reduction
of CFU’s during procedures). We have tested AiroCide in a mold-condemned residence,
with positive results (see attached.) We have a registration number from EPA.

HOW THE AiroCide UNIT WORKS:

A) UVGI photons

3625 Kennesaw North Industrial Pkwy., Kennesaw, GA 30144 B00-627-4913 (FAX)770-425-0837 www.kesmist.com

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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B) Hydroxyl radicals

The unit pulls in air from the room and passes it through a reactor bed, which contains
UVGI (Ultra Violet Germicidal Irradiation) plus Titanium Dioxide (TiO;), which is a
semiconductor photocatalyst. When the catalyst is irradiated with photons of less than
385 nm (the UVC light), the band gap energy is exceeded and an electron is promoted
from the valence band to the conduction band. This process generates Hydroxyl
radicals. Hydroxyl radicals and super-oxide ions are highly reactive species that
oxidize volatile organic compounds (VOCs) adsorbed on the catalyst surface, They will
also kil and decompose adsorbed bioaerosols. The process is referred to as
heterogeneous photocatalysis or, more specifically, photocatalytic oxidation (PCO). In
our test, the carbon atoms in the pathogens were radioisotope tagged. The Hydroxyl
radicals mineralized the organisms (reduced the organics to non organic forms such as
H,O and CO,). The CO,was found to contain the tagged Carbon (this also demonstrates
that the catalyst is self cleaning)

Organisms That AiroCide Removes, Kills and/or Mineralizes:

AiroCide has been proven to kill 99.99998 % of Bacilus Thuringiensis spores in one pass
through its reactor. (Bacilus Thunngiensis is the most similar spore-forming bacterium to
Bacilus Anthracis on the phylogenic tree.) It scientifically follows that AiroCide will
easily kill weaker or similar spores as well as the vegetative states of most all bacteria
found in the areas of proposed application of AiroCide (as noted above in the section of
this document “AiroCide INTENDED USE:")

To substantiate our above statement we note the following: According to Pennsylvania
State University (W.J. Kowalski, PhD), highly regarded in the US as an expert in bio-
terrorism “... To put this in perspective, this organism, in spore form, would require about
50 times the UV dose required to disinfect smallpox, tuberculosis, and Legionella. ..."

AiroCide System Description:

The Airocide unit is a 48" x 24” x 4" aluminum box, ETL-listed, which plugs into a
standard 110 outlet (456 watt max power consumption). The AiroCide has 52 UVGI 8
watt bulbs and approximately 5 pounds of TiO2 coated Rasching rings. Each unit
processes approximately 15,000 cubic feet in 24 hours and mounts on the wali or
ceiling. The only maintenance required is replacing the UVGI bulbs once per year.

We believe there are many uses for our system as it currently is engineered (for reducing
airborne pathogens). We have been working with the researchers at the University of Wisconsin

and with NASA (it is their technology) to quantify other potential prophylactic applications for our
system

SUBJECT: AiroCide TiO,

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Synopsis: AiroCide TiO, utilizes two well-established scientific mechanisms to kill bacteria,

mold, fungi, virus, spores, and to break down volatile organic compounds (VOCs). The first
lling mechanism i Mamps produce this liht,
These lamps produce billions © photons. e secon illing mechanism is a

photocatalytic reaction with TiO,. This reaction occurs when photocatalytic TiO, coated rings are
placed around and excited by the UVGI lamps. This photocatalytic reaction produces millions of
hydroxyl radicals, which kill and/or mineralize bacteria, etc. These two scientific mechanisms
have been proven to be effective pathogen killers by the University of Wisconsin and other
University laboratories. In University of Wisconsin testing these two mechanisms demonstrated
a 99.99998 % effective kill rate of B. thuringiensis spores (the very robust brother of B. anthrax
spores). AiroCide TiO2 reduces the concentration of bacteria, mold, fungi, spores, etc. in the air.
A mold test was conducted in an abandoned trailer in Austin, Texas on May 27, 2002 by
Michael A. Bokenkamp Certified Mold inspector. The test results indicate an 85% reducticn in
mold spores with only one air turn with an AiroCide TiO, Unit.

Please find attached the following:

#1 FDA 2891 and a 2892 application for a new device dated October 29, 2002.

#5 AiroCide’s ETL listing of certified products.

#6 An AiroCide Device Description and Specification sheet.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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#13 Summary Intemnet document of Dr. Michael Leung's testing in a hospital operating room
“...For comparison, the same test was performed with the photocatalytic converter
disconnected. This showed filtration using only the HEPA filter reduced the bacterial count by
just 5.4 per cent. Therefore, the immediate disinfection effect of the titanium dioxide filter led to
the destruction of 46.6 per cent of airborne bacteria in one pass of air through the air purifier. ...”
From http:/Awww.fhki.org. hk/hkiQ9.htm

Please call or email me with any questions you may have.

Best regards,

hn J. Hayman, Jr.

KES Science & Technology, Inc
President
KES Science & Technology, Inc.

Phone: 770-427-6500
Email: president@kesmist.com

www.kes-pro.com  PDF files about the testing and operation of the Airocide are
available at this site.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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RE:  Response to Definitions of Decon Device Performance Measures for Buildings

Dear Ms. Busher and Ms. Smith,

Per your request, please find enclosed a response for definitions device
performance measures for buildings for the AiroCide product, which is produced and
marketed by KES Science and Technology. The enclosed response has 3 appendices and
will be supplemented in the next 45-60 days with the submission of the results from data
presently being gathered in studies of 1) the AiroCide as a system and 2) the biological
inactivation modalitics operating within the device. Results from these studies will be
submitted for publication in n pecr-reviewed journal in the next 60 days. ln addition, 2

presentation will be made at the fortheoming American Industrial Hygiene Association
(AILIA) conference and exposition (June 1-6, 2002; San Dicgo, CA) with obscrvations
made from study #2 above. The preseatation is entitled Control of Bacterial Spores witi
UVGT and Photocatalysis (hip://www.aiba.org/eonthinl#abs; Late Breaking Issucs,
Porwm 240 Anthirax Remediation Issucs).

| am submitting this report to Tetra Tech with the understanding of John Hayman,
Peesident of KIS Science and Technology.

Sincerely,
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Decon Definitions of the AiroCide

May 3, 2002
DEFINITIONS OF DECON DEVICE PERFORMANCE
MEASURES FOR BUILDINGS
BUILDINGS

For this effort, building decontamination refers to the ability to destroy or remove
biological agents from internal surfaces and air contained within. Buildings will require
special consideration during the performance of decontamination operations, as a variety
of surfaces are contained within a building (e.g. painted surfaces, carpet, ceiling tile,
fabrics, wood, glass, etc.), as well as the presence of ventilation systems and other
complications. This presents a significant challenge to all decontamination technologies.

To effectively compare building decontamination technologies, a specific
example building will be used. This example building has two floors totaling 40,000
square fect of floor surface area. The building contains an HVAC system. [t is assumed
that Bacillus anthracis spores are distributed throughout the building at varying
concentrations. The building contents are a combination of porous and non-porous
materials, and contain various other items, such as electronics, papers, and personal
items. This model is designed to test the performance of various decontamination
devices under these circumstances.

The technology considered can address structural items, HVAC, clectronics,
papers, and personal items in total or any one separately.

PREFACLE - A Short Narrative on the Operational Chacacter of the AtroCide:

The AtroCide device is designed 1o remaove aithorae particulates, microbiotogicals
(e.g., spores of Bacilli) and gascous compounds via several treatment modalities
operating  concurrently.  These modalities  are  deseribed  herein,  In its present
conliguration, the AiroCide treatment deviee can be mounted (o a ceiling, wall or other
interior surlace of a building, The AlroCide device contains an internally mounted (an.
During operation, the fan witl cause a Jocal negative pressure differential between room
air near the fan et and that downstream ol the fan. In so doing. room air witl be
entrained into the AiroCide. The AivoCide is operated s o single-pass treatment device,
The media within the AiroCide is designed to remove or immabilized the airborme
biologicals entrained into the device. Onee immobilized onto the surface of the media
within the AiroCide, two treatment modalitics operate concurrently o inactivate and
oxidize the biologicals.

Page 1 of 18 Pages 7‘4
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Decon Definitions of the AiroCide
May 3, 2002

1.0

Records processed under FOIA Request #2016-968

BIOLOGICAL EFFICACY GOAL

Ability of the decontamination system to limit the effectiveness of biological
ageats during all environmental conditions, either by agent neutralization or
removal. Assume normal conditions will consist of a variety of reasonably clean
surfaces (plastic, fabric, painted, etc.) and moderate temperature and humidity.

1.1 Effectivencss Measure. Ability to destroy/remove spores to a specified
level on all surfaces, components, or air. Examines the technology to .
determine the likely end-state of the decontamination effort.

The AiroCide treatment device has been empirically examined for its
removal efficiency based on performance testing of the full system. A
report was prepared (December, 2001) describing the performance testing
and is attached to this document as Appendix A, A summary of the testing
is provided here:

—

Page 2 of 18 Pages 7 g
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Decon Definitions of the AiroCide
May 3, 2002

1.2 Environmental Conditions Measure. Effectiveness under a wide range

1.3 Penctration Measure. Effectiveness of decontaminant/system on a

Page 3 of I8 Pages 7 4’
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Decon Definitions of the AiroCide
May 3, 2002

1.4  Scientific Confidence and Validation/Verification. The confidence in
equipment and supporting material used in the process (evaluated as a
system).

Page 4 of 18 Pages
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Indoor air quality problems can originate {rom airborne
particulates, gascous compounds and bioacrosols. Bioacrosols of
importance in indoor air include a large varicty of the fungi,
bacteria, viruses, mycotoxins, and endotoxins. The impact of
bioacrosols on indoor air quality is considered significant and has
been reviewed {6], {7), [8]. Transmission of bioacrosols via airborne

Page 6 of 18 Pages
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Decon Definitions of the AiroCide
May 3, 2002
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Decon Definitions of the AiroCide
May 3, 2002

The application  of non-lonizing  radiation  energy  has  been
demaonstrated for disinfecting bacteria, fungi, and spores of bacteria,
protozoa, oocysts, and helminth epps [25]0 Naidovski et al. {26)
tnvestipated the application of microwaves al power

A current study at the University of Wisconsin - Madison
(Tompkins, Principal Investigator) examines the sporicidal effeet of
illuminating thin-fitm titania with pear-UV radiation using spores of
5. subtilis as a model organism. B, subfilis is selected because it is
non-pathogenic, is a spore-former, and has a phenotype similar to B.
anthraciy [32). This work afso examines the sporicidal effect of

Page 9 of 1B Pages % 2-
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Decon Definitions of the AiroCide
May 3, 2002

combing microwave irradiation with photocatalysis. B. subtilis can
be considered as an optimum indicator bacterium for microwave
sterilization studies [33].
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2.0
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OPERATIONAL IMPACT GOAL

Effect of decontaminant/system on decontamination effort and operations for
buildings, components, or items.

2.1

2.2

2.3

24

ective area or volume that can be neutralized

Material Compatibility Measure. Damage caused to materials,
equipment, electronics, structure, etc. as a direct result of the
decontamination effort.

The AiroCide is a flow through treatment device that processes air
entrained into it. Processed air is exhausted from the device at a flow rate
equal to that entering it or about ~

Post-Decon Detection Mensure, Potential to cause false negative
responses on biological agent detection equipment (i.e. decontamination
technology leaves behind residue that masks or interferes with post-decon
analysis). Assumes a growth-based assay.

The AiroCide will not feave behind residue that interleres with post-decon
analysis, The AiroCide is a self-comtained treatment device that docs not
emit media, exeept for the air entrained into it and processed therein. The
processed air exhausted from the device will contain substantially less
biological contaminants us @ result of the media within the AiroCide
immobilizing these biologicals.

Total Time Measure. Total time required to conduct decontamination
operations in cxample building. Timc/rate includes set-up, processing
(may include single or multiple pass), cquipment acquisition, and
teardown.

The efficacy of the AiroCide treatment deviee depends on the residence
time required Lo inactivate the tmmobilized biological agents. Measures of
the residence time needed for inactivation are based on two laborutory
studics:

Glass Slide Study: Results are forthcoming and to be presented to Tetra
Teeh in next 45-60 days.
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Full-scale AiroCide Device Study: Results are forthcoming and to be
presented to Tetra Tech in next 45-60 days.

Recuse Measure. Ability of device to be decontaminated, returned to
service, or designed for single use.

The AiroCide treatment device is designed to operate continuously (24
hours — 7 days/wk) provided it remains powered — although the duty cycle
can be adjusted to the needs and desires of the operator, The AiroCide
contains two components that directly influence performance - the

Page 14 of 18 Pages
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3.0 LOGISTIC IMPACT GOAL

Effect of the decontaminant/device on support and logistical systems.
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4.0 SAFETY, HEALTH AND ENVIRONMENTAL GOAL

Ability of the user to operate the device or use the decontaminant without being
injured, suffering any side effects from it, or negatively impacting the
environment in which the decontaminant is used.

4.1  Personncl Hazard Meceasure, Potential health hazard (acute or chronic) to
decontamination site personnel from operation of the device (e.g.
chemical, shock, electrical hazards, radiation exposure, explosion
potential, etc). Assumes that decon site personnel are wearing appropriate
protection clothing, masks, and gloves.

iroCide is a self-contained air cleaning technology. With the

The AtroCide is powered by inserting o power cord (18-2 with ground)
into a 120-VAC electrical source, i.c., wall outiet. The AtroCide 1y
enerpized via an externally mounted on/ofl switeh.

The UVGH light sources used in the AiroCide have the spectral

"
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Germicidal spectral output
l’i)nln' ] S Lal srcdiance ol VNG frpebi soviee e m AlroCide,.
(For refercnce tothe Trpoe abwove VIV I8 i Bl UIV-13: 285-3 15
g, UV A DS 100 nng Veable 00 i /00 nm.)
4.2 Envirenmental Hazard Measure, Dopree of ensitomnental hazard or

impact associated with direct contact of decontumiant ‘device ot decon
by-products or residual
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Public Health Hazard Measure. Potential health hazard (acute or
chronic; severe, serious health effects) to the public (building occupants,
visitors, and/or community) resulting from operation of the device (e.g.
chemical, radiation exposure, explosion potential, etc).

The Hazards Identification section of the MSDS (Appendix C) indicate
the following human health effects: contact with eyes may cause irritation;
contact with skin may cause minor irritation; nuisance dost may be
generated; no (oxicity is expected if ingested. The carcinogenicity
information states that none of the components of the photocatalyst are
known carcinogens, although NIOSH considers TiO; to be a potential
oceupational carcinogen. However, the photocatalyst is immaobilized onto
the surface of plass supports, Indeed the phatocatalyst is sintered at high
teperature _) to the borosilicate glass supports so that it remaing
adherent to the plass supports. In this way, the photoeatalyst will remain
within the AiroClde and not be entrained into the efffuent (or exhaust) air,
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December 1, 2001
Appendix A
John Hayman
President
KES Science and Technology
3625 Kennesaw North Ind. Pkwy.
Kennesaw, GA 30144
(800) 627-4913

RE: Performance of AiroCide in Controlling Bacterial Spores

Dear President Hayman,

Please find below the results from testing the AiroCide deviee (KES Science and
Teehnology; Kennesaw, GA) as a technology for controlling air-borne concentrations of
bacterial spores. The figures numbered below are found in the Appendix.

108

yerimental Testing Resulty
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Table 1 Experimental Results
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Appendix

I’igurc | - Pylogenic tree of genus Bacillus. Note group similarity
between B. anthracis and B. thurengicnsis.
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Figure 2 - Suspension of B turepgrensiy spores in nebulizer,

Figure 3 — Lxperimental set-up. Aw from compressed air cylinder
acrosolizes suspension ol 8 thurengicnsis spores.

4

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

<
47



Records processed under FOIA Request #2016-968 Released by CDRH on 8/19/2016

Figure 4 ~ Experimental set-up. Spares {ill a Plexiglas chamber
posttioned over the inlet to AroCide unit.

Figure 5 - Experimental set-up. Exitof AiroCide device
displaving encrgized UV Jamps .

Figure 6 ~ Experimental set-up. Petri dishes at exit of AiroCide ;
in position to capture exhaust from the AiroCide .
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Figure 7 Petrt dishes i incubatar room.,

Fig. 9 Example of CtUs on Petrt dish,
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Catalyst Life/Fouling. Catalyst deactivation has been demonstrated with several
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Figure 1.1 Schematic of phatocatalytic process at particle level
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1.4.1 Compounds Studicd

Survey of Literature

1,1, -trichlorocthanc (CHCI,CH,Cl) - d’Hennezel & Ollls (1997), d’'Hennezel (1998),
Isidorov ¢t al. (1997)

1,3-butadicnce (HC:CHHC:CI{;) ~ Obee & Brown (1995)

1,4-dioxanc (OCH,;CH;0CH;CIH;) — d'iicnnczel and Ollis (1997), d’Hennzel (1998)

1-butanol (Cil3(CH;);OH)- Peral and Ollis (1992), Blake and Griffin (1988)

t-butenc (Cylly) — Cao ctal. (1999) |

2-hexcene (Cgllyz) — Ohno ct al. (1998)

2-propanol (isopropanol, C;1130) - Ait-Ichou ct al. (1985), Alberici and Jardim (1997),
Bickley et al. (1973), Cunningham and Hodnett (1981), Larson ct al. (1995), Ohko «
al. (1997), Ohko ct al. (1998), Wentworth and Chen (1994)

acctaldchyde (CH;CHO) ~ d'Hennezel & Ollis (1997), Obuchi ct al. (1999), Ohko et al.
(1998), Sauer and Ollis (1996), Shifu ct al. (1998), Sopyan ct al. (1994), Sopyan ct al.
(1996)

acctic acid (CI;CO,11) — Muggli and Falconer (1999), Sclafani ct al. (1988)

acctone (CII;COCH;) — Alberici and Jardim (1997), Peral and Ollis (1992), Sauer and
Ollis (1996), Shifu ct al. (1998), Varontsov ct al. (1997), Vorontsov et al. (1999), Yu ct
al. (1998), Zorn ct al. (1999)

benzene (Cellg) ~ Atkinson and Schmann (1989), d’Hennczel and Ollis (1996),
d’Hennezel and Olfis (1997), d’Hennezel et al. (1998), Einaga et al. {1999), Fu et al.
(1995), Ibusuki and Takeuchi (1986), Jacoby et al. (1996), Larson and Falconer
(1997), Luo and Ollis (1996), Sauer et al. (1995), Scuwen and Warmeck (1994),
Sitkiewitz and Heller (1990)

butyraldchyde (CH3(CH;);CHO) - Peral and Ollis (1992)

carbon dioxide (CO;) - Anpo et al. (1995)

carbon monoxide (CO) - Anderson ct al, (1996), Vorontsov et al. (1997a, 1998b)

chloroform (CHCIy) - Alberici and Jardim (1997), Alberici et al. (1998)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 \\?>
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dichloromethanc (CHCl;) ~ Alberici et al. (1998)

diethyl ether ((C2H),0) ~ Vorontsov et al. (1997b)

dimethoxymethane (C3Hg0O;) — Alberici and Jardim (1997)

dimethylmethylphosphonate (DMMP, (CH;);CH;PO;) ~ Obee and Satyapal (1998)

cthanol (C;H;OH) —~ Cunningham et al. (1974), Kennedy and Datye (1998), Muggli et
al. (1996), Muggli et al. {1998), Nimlos et al. (1996), Sauer and Ollis (1996},
Vorontsov et al. (1997b)

cthylene (H;C:CH,) — Fu et al. (1996a), Obee and Hay (1997), Sirisuk et al. (1999),
Yamazaki et al. (1999), Zom et al. (2000)

fermaldechyde (HCHO) — Noguchi et al, (1998), Obee (1996), Obee & Brown (1995),
Peral & Ollis (1992)

iso-octane ((CH;);CH(CH,;),CHj) - Alberici and Jardim (1997)

isopropyl alcoliol ((CH;3);CHOH) - Brinkley & Engel (1998a); Brinkley & Engel
(1998b)

isopropylbenzene (CoH ;) — Alberici and Jardim (1997)

methiane (CHy) - Dreyer et al. (1997), Okabe et al. (1997)

methanol (McOH, CILOH) — Alberici and Jardim (1997), d'Hennezel & Ollis (1997)
Liu et al. (1985)

methyl acrylate (CHCHCOOCH;) — d’Hennezel & Ollis (1997)

wmethy! chloroform (C{II,Cl5) ~ Alberict and Jardim (1997)

methyl ethyl ketone (MEK, CI;COCH;CHj;) - Alberici and Jardim (1997),
d'Heunezel & Ollis (1997)

methyl isopropyl ketone (Csl 0) - Alberict and Jardim (1997)

methyl tert-butyl cther ((CH;);COCH) - d'Hennezel & Ollis (1997)

methylene ehloride (CILCIL) - Alberici and Jardim (1997), d'Hennezel & Ollis (1997)

m-xylene (Cyllyy) ~ Peral and Ollis (1992)

propene (Csltg) - Pichat et al. (1979)

propionaldehyde (CiHsCHO)- Takeda ct al. (1995), Takeda ¢t al. (1997)

pyridine (CsHsN) ~ Alberict and Jardim (1997), Sampath ¢t al. (1994)

t-butyl methyl ether (Cs11,,0) ~ Alberici and Jardim (1997)

tetrachlorocthyiene (PCE, CLC:CCly) ~ Alberici ot al. (1998), Alberici and Jardim
(1997), Hung & Yuan (1998), Li ¢t al. (1998)

tolucne (CelisCily) ~ Blanco et al. (1996), d'Hennezel ct al. (1998), Ibrahim and de
Lasa (1999), Li et al. (1998), Luo and Ollis (1996), Méndez-Roméan & Cardona-
Martinez (1998), Obee (1996), Obee & Brown (1995)

triclitorocthylene (TCE, CHCLCCI,) — Atberici et al. (1998), Alberici and Jardim
(1997), Annapragada et al. (1997), Bucchicr et al. (1999), Driessen ct al. (1998a,
1998b, 1998¢), Dibble and Raupp (1990), Dibble and Raupp (1992), lHung and
Marinas (1997a, 1997b), Hwang et al. {1998), Kim et al, (1996), Kim ct al. (1998), Liu
ct al. (1997), Luo and Ollis (1996), Nimlos ct al, (1993), Phillips and Raupp (1992),
Wang ct al. (1998a, 1998b, 1998¢), Yamazaki-Nishida ¢t al. (1993), Yamazaki-Nishida
et al. (1995), Yamazaki-Nishida ct al. (19906)

vinyl acctate (CHyCOOCH:CH,) — d’Hennezel & Ollis (1997)

xylene ~ Blanco ¢t al. (1996), d’Hennczel and Ollis (1997)

Investigations of multiple VOCs ~ Lichtin et al. (1996)

{14
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Detailed Descriptions of Select Organic Compounds

Toluene:
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Table 1.2 Some photocatalyst formulations.

Form
Semiconductor (Powder /
Photocatalyst Thin-film /
Particulate

Catalyst

Supported? Source

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Table 1.3 Photocatalytic Reaction Metrics

Observed R(e)ariit:-n Reaction | |
serve Mechanism % Conversion Reference
Compound Reaction Rates (Rate Presentcd? ¢

(Zle
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Figurc 1.2 Diagram of powder layer photocatalytic reactor.
Design cmployed by Teichner's group (Formenti et al. 1971),

123
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Figure 1.3 Transport reactor used by Ayoub (19806). d, is lamp outer diameter, d is
reactor inner wall outer diameter, and D); is reactor outer wall inner diameter.
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i 1.8 Time history of fluorescent light source 1rra
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August 1, 2002

Anne A. Busher and Kelly A. Smith
Tetra Tech EMI

6801 Engle Road, Suite G
Middleburg Heights, Ohio 44130
(440) 234-0886

(440) 234-1725 fax

RE: UPDATE of Performance Measures for AiroCide Device
Response to Definitions of Decon Device Performance Measures for Buildings

Dear Ms. Busher and Ms. Smith,

As | mentioned in my letter to you dated May 3, 2002, please find attached an
update on the defTnitions device performance measures for buildings for the AiroCide
product, which is produced and marketed by KES Science and Technology. This
update is being provided because additional performance measures (to those provided
carlier) have been obtained from testing conducted in May and June of 2002. Therefore,
please find enclosed an updated (revision) Decon Definitions of AiroCide treatment
device. Text that is new to this revision is highlighted in red color.

Sincerely,
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DEFINITIONS OF DECON DEVICE PERFORMANCE
MEASURES FOR BUILDINGS

BUILDINGS

For this effort, building decontamination refers to the ability to destroy or remove
biological agents from internal surfaces and air contained within. Buildings wilt require
special consideration during the performance of decontamination operations, as a variety
of surfaces are contained within a building (e.g. painted surfaces, carpet, ceiling tile,
fabrics, wood, glass, etc.), as well as the presence of ventilation systems and other
complications. This presents a significant challenge to all decontamination technologies.

To effectively compare building decontamination technologies, a specific
example building will be used. This example building has two floors totaling 40,000
square feet of floor surface area. The building contains an HVAC system. It is assumed
that Bacillus anthracis spores are distributed throughout the building at varying
concentrations. The building contents are a combination of porous and non-porous
materials, and contain various other items, such as electronics, papers, and personal
items. This model is designed to test the performance of various decontamination
devices under these circumstances.

The technology considered can address structural items, HVAC, electronics,
papers, and personal items in total or any one separately.

PREFACE — A Short Narrative on the Operational Character of the AiroCide:

The AtroCide device is designed o remove airborne particulates, microbiologicals
(c.g., spores of Bacilliy and gascous compounds via scveral (reatmient modalitics
operating  concurrently.  These  modalities are  described  herein. In its  present
configuration, the AiroCide treatiment device can be mounted to a ceiling, wall or other
interior surface of a building. The AiroCide device contains an intermally mounted fin,
During opceration, the fan will cause a local negative pressure differential between room
air near the fan inlet and that downstream of the fan. In so doing, room air will be
entrained into the AiroCide. The AiroCide is operated as a single-pass treatment device.
The media within the AiroCide is designed 1o remove or immobilize the airbome
biologicals entrained into the device, Once immobilized onto the surface of the media
within the AiroCide, two treatment modalitics operate concurrently to inactivate and
oxidize the biologicals.
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1.0

BIOLOGICAL EFFICACY GOAL

Ability of the decontamination system to limit the effectiveness of biological
agents during all environmental conditions, either by agent neutralization or
removal. Assume normal conditions will consist of a variety of reasonably clean
surfaces (plastic, fabric, painted, etc.) and moderate temperature and humidity.

1.1 Effectiveness Measure. Ability to destroy/remove spores to a specified
level on all surfaces, components, or air. Examines the technology to
determine the likely end-state of the decontamination effort.

The AiroCide treatment device has been empirically examined for its
removal efficiency based on performance testing of the full system. A
report was prepared (December, 2001) describing the performance testing
and is attached to this document as Appendix A. A summary of the testing
is provided here:
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UVG! Rate Constants for Respiratory Pathogens.
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The AiroCide employs 52 UVGI light sources in a tightly compacted
arrangement, with the supported photocatalyst occupying the interstices
between the light sources. Microorganisms contained in the air that is
entrained into the AiroCide become immobilized onto the photocatalyst,
where they are exposed to UVGI light indefinitely in the case of those
organisms that remain permanently immobilized.

The second treatment technology is photocatalysis. The photocatalyst
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September 20, 2002

John Hayman

President

KES Science and Technalogy

3625 Kennesaw North Industrial Parkway
Kennesaw, GA 30144

(800) 627-4913

RE: Analysis of Effluent from AiroCide
(August 2002 Test Period)

Dear President Hayman,

Please find enclosed the results from two recently completed studies of the Bio-KES
and the AiroCide:

Stady #1 — Bio-KES Testing: A Bio-KES was tested with and without sleeves to
determine the effect on performance. A complete discussion of these tests is found in
Fnclosure #1.

Study #2 - AiroCide Testing: Testing and subsequent analysis of the effluent from the
AiroCide device (KES Science and Technology: Kennesaw, GA) {refer to Enclosures
2 and 3). The AiroCide is a technology for controlling airborne concentrations of
microbiologicals. These tests were conducted in August of 2002, with analyses
conducted in August and Scptember. Below is a summary of the AiroCide eftluent
testing. Several figures are found in the Appendix, which follow the tables,
Fxccutive Summary: The c¢Mueat from the AiroCide device was sampled and
analyzed to determine gas species and concentrations. Ozone was found to be below
detectable fevels (Table 1) and the volatile organic compounds listed in Table 2 were
found to be in the very tow ppb (parts per billion range).




ab NC Sample Results




Appendix

Fipuse 1 Papenmental set-up to sample clthent ol Aol e device.

Figure 2. Experimental set-up (o sample effluent ol AtroCide device; in

particalar, the data acquisition system is shown,
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ne Pathogen Removal Device

iroCide

Ti0, , is

the most
advanced and effective
airborne pathogen reduction
system available. AiroCide
uses technology originally
used by NASA to grow
wheat in space. A non-
depleting catalyst (Titanium
Dioxide; Tio, ) inside the

~unit forms OH-radicals.
These OH-radicals work
with 52 Ultraviolet bulbs
within the unit to kill
airborne pathogens such as
bacteria, viruses, dust mites,

molds, spores, and fungi.

Equipped with a 120 volt
power supply, AiroCide is
ready to plug in and start

sanitizing.

1
iy
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

Construction
Stainless Steel & Aluminum

Electrical
120 VAC
40 watt, 120 VAC fan motor
52 - 8 watt UVC light bulbs
13 - 120 VAC bulb ballasts
26' Power Cord - (20' From Unit to Power
Control Box/ 6' From Power Control Box
to Outlet)
Maximum power consumption:
456 watts (3.8 amps) @ 120 VAC

Specifications

- (Always disconnect AiroCide from incoming power before removing its
cover, Do not hardwire.)

Controls
On/Off switch

Capacity
Processes 1,800 sq. ft. (w/ 8 ft. ceilings) in 24
hours

Maintenance

UV bulbs have an average life of one year,
after which your system will run but not be
effective. Contact KES or your AiroCide
Distributor to schedule your yearly
maintenance.

Dimensions AiroCide TiO, Shipping Carton

Length 46 1/2" (1.18 m) 53" (1.35m)

Width 24 1/2" (.62 m) 30" (.76 m)

Height 31/2" (.089 m) 8" (2m)

Weight 59 Ibs. (26.76 kg) With AiroCide TiO,: 71 1bs. (32.20 kg)

Technology, Inc.

1-800-236-1846
www.kes-pro.com
AiroCide_TiO2_Specifications.cdr

ZLC{ /(,1
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August 14, 2002

John Hayman

President

KES Science and Technology
362S Kennesaw North Ind. Pkwy
Kennesaw, GA 30144

(800) 627-4913

RE: Performance of AiroCide in Controlling Bacterial Spores
(June 2002 Test Period)
Dear President Hayman,
Please find below the results from testing the AiroCide device (KES Science and
Technology; Kennesaw, GA) as a technology for controlling air-borne concentrations of

bacterial spores. These tests were conducted in June of 2002. Several figures are found in
the Appendix.

Experimental Methods

l
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Appendix

Figure 1 — Phylogenic tree of genus Baciflus. Note group similarity
between B. anthracis and B. thuringiensis.
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Figure 5 — AiroCide Operation:
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Figure 6 — Summary of testing results overlaid on the AiroCide Zones 1, 2, and 3 had
465, 291, and 0 CFUs, respectively, during .. of operation.
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Science &
Technology, Inc.

il
m
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:

June 12, 2002

Attached is a Mold Inspection report which details the effectiveness of AiroCide TiO2 in killing
mold spores, Testing was done on May 27, 2002 at a condemned home in Austin, TX. The
residence had previously been abandoned due to high mold counts inside.

The test procedure was as follows:

Best regards,

John J. Hayman, Jr.

President

3625 Kennesaw North Industrial Pkwy., Kennesaw, GA 30144 800-627-4913 (FAX)770-425-0837 www.kesmist.com 2 §
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JOB POSTINGS

Anthrax

Free Emall Newsistter January 14, 2002

Dally News

2002 JAN 14 - (NewsRx.com & NewsRx.net) -- Ultraviolet Devices, Inc., announced

Quick Links the initial results from its ioint research with Pennsvlvania State University {W.].
Kowalski, PhD) into the disinfection ol Bacillus anthracss spores with ultraviolet (UvC)

Actonym Expander

BIbL technoloav.

lography
Bookstore

Following a directive from UVDI, researchers at Pennsylvania State University have
identified what they believe to be the most appropriate rate constant for killing &.
anthracis using ultraviolet germicidal irradiation (UVGI).

Conditions & Procedures
Member Webpages

Forums & Suppart Areas

dab Postings There have been three published studies refating to 8. anthracis exposure to UVGI
Meet Qur Doctors & {Sharp 1939, Knudson 1986 and Dietz 1980), all having different levels of
Practttioners usefulness in {dentifying the UV dosage required.

Ob/Gyn Journals

Medline With & anthracis it is very important to differentiate between the vegetive and
Online Purchasing spore forms. Spore forms are most likely to be used for bioterrorism and are much
PowerPoint Presentations more robust and difficult to disable with most disinfectants, including ultraviolet
Shop®OBGYN.net light.

Practice Tools After analyzing the results of these three published studies, as well as prior work
Busild your own web page completed at Pennsylvania State University relating to airborne pathogens, UVDI's
Education & Career previous position stating that it is necessary to provide high dosages of UV to kill 8.
Employment Opportunities anthracis, was confirmed,

Find a CY

Medical Web Sites Data for B. anthrac/s spores from a 1986 study by G.B. Knudson were analyzed and
Resldent CVs charted. From this the microorganism’s sensitivity (rate constant} to ultraviolet light
Search far Web Sites was calculated.

images & Videos It was delineated that the dose required for 90% disinfection could be as high as
Audio/Video 74,000 microwatt seconds/cm?, or 220,000 microwatt seconds/cm® for 99.9%

Image Library disinfection. To put this in perspective, this oraganism, in spore form, would reauire
Conference Calendar about 50 times the Uv dose required to disinfect smallpox, tuberculosis, and

OB-GYN Calendar Legionela. 1t is even more robust than the Aspergiius niger spore that is considered

OB-GYN U ing Meetings one of the toughest airborne pathogens,

Conference Coverage According to David Witham, UVDI, "This leads us to conclude that control of anthrax

Conference Interviews by UV alone is not practical.” However, he went on to point out that "due to its
Baok of Proceedings from COGI  relatively large size, about 1.2 microns in its most lethal single cell size, it can be
99 effectively filtered. ...Once captured on a filter it can be readily disinfected with Uv
Medical Resources light.”
Academic Departments of
o . Other nathnaens. such as smalloox. can be readilv handled by ultraviolet alone but
1of 3 1073002 9:42 AM
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may be more difficult to filter. Solutions wn:h the proper UV dosage and filter
efficiency can be tailored to most HVAC systems.

In partnership with Pennsylvania State University, UVDI has developed a

. proprietary software tool that supports the mathematical modeling of heating,

ventilation and air conditioning (HVAC) systems utilizing a variety of UVGI and

i filtration strategies. This model incorporates numerous variables to predict kili-rates
<. for alrborne and surface pathogens and its accuracy as a modeling tool has been
" . validated by a third party laboratory.

. UvDI is now in a unique position in the market to mode! HVAC systems, predict kill
- rates, apply disinfection products driven by UV technology to achieve the kill rates
. desired, and to facilitate the third party testing of UV systems to validate

performance supported by scientific evidence.

¢ As previously announced, UVDI is disturbed with some of the recent claims by

* others stating UVC can easily kill the bacteria responsible for anthrax. By making

. this information available to consumers and competitors, it is UVDI's intent to allow
; consumers of UVGI systems tc demand third party validation of all proeducts and or
| promises of performance relating to their systems to kill or inactivate airborne and

. surface pathogens. This article was prepared by Health & Medicine Week editors

from staff and other reports.
©Copyright 2001, Health & Medicine Week via NewsRx.com & NewsRx.net
Click here for additlonal articles on Bacteriology
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Research Communications

Mineralization of Bacterial Cell
Mass on a Photocatalytic Surface in
Air

WILLIAM A. JACOBY,*
PIN CHING MANESS,
EDWARD ]. WOLFRUM,
DANIEL M. BLAKE, AND
JOHN A. FENNELL

National Renewable Energy Laboratory,
Golden, Colorade 80401

Whole celis deposited on a titanium dioxide-coated
surface have been oxidized in air to carbon dioxide via
photocatalysis. This paper provides the first evidence that
the organic matter in whole cells can be completely
oxidized. Three experimentat techniques were employed
to monitor this reaction: scanning electron microscopy.™C
radicisotope labeling, and batch reactor measurements,
The scanning electron microscopy experiments illustrate the
disappearance of Fscherichia coli celi mass. The MC
radioisotope labeling experiments establish that the carbon
content of E. coli is oxidized to form carbon dioxide with
substantial closure of the mass balance. The batch reactor
experiments corroborate the mass balance and provide

a preliminary indication of the rate of the oxidation reaction.
These results provide evidence that a photocatalytic
surface used for disinfection can also be self-cleaning in
an air—solid system.

Introduction

Disinfection of air in a photocatalytic systemn has been
reported (1), the photocatalytic deactivation of microorgan-
isms has been demonstrated in the aqueous phase, and
possible mechanisms have been postulated (2—4). Additional
work is included in a recent review of photocatalytic chemistry
(9. In an aqueous stream, the dead or damaged cells can
be washed off the catalyst surface. However, inan air-phase
system, the dead cells have the potential to accumulate and
block the active surface. We report here the first evidence
for the photocatalytic oxidation of whole cells to carbon
dioxide. Thisisakey observation on the path to development
of self-cleaning photocatalytic surfaces for air disinfection.

Bioaerosols are major contributors ta indoor air pollution,
and their impact on indoor air quality has been reviewed
(6—8. More than 60 bacteria, viruses, and fungi are
documented as infectious airborne pathogens. Diseases
transmitted via bivaerosols include tuberculosis, Legionaries,
influenza, colds, mumps, measles, rubella, small pox, as-
pergillosis, pneumonia, meningitis, diphtheria, and scarlet
fever. Alarger number of bicacerosols are allergens and may

* Corresponding author's present address; Department of Chemi-
cal Engineering, W2016 Engineering Building East, University of
Missouri—Columbia, Columbia, MG 65211. Phone: (573)882-5037:
fax: (573)884-4940; e-mail: wjacoby@ecn.missouri.edu.

2850 = ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 32, NO. 17, 1998

be responsible for a growing incidence of asthma and other
respiratory illnesses.

Mineralization (e.g.. complete oxidation) of low molecular
weight organic molecules has been widely studied in gas
and aqueous fluid-phase systems in which titanium dioxide
is the photocatalyst. A survey of this chemistry and a
discussion of the mechanisms that have been proposed are
covered in a recent review {5). Oxidation is accomplished
through the interaction between a photocatalyst and ulira-
violet (UV) light. Titanium dicxide (Ti0;} is a semiconductor
photocatalyst with a band gap energy of 3.2 eV. When this
material is irradiated with photans with wavelengths of less
than 385 nm, an electren is promoted from the valence band
to the conduction band. The resulting electron—hole pair
participates in chemical reactions that form hydroxyl radicals
and superoxide ions. These highly reactive species oxidize
organic compounds adsorbed on the catalyst surface. The
technigue has been explored as a means of removing volatiie
organic compeounds (VOCs} from indoor air (4, 10).

The photocatalytic deactivation of bacterial cells using
TiO; has been reported in both the aqueous and gas phases,
but the fate of the cell mass has not been addressed in
previous studies. For disinfection of air, it is necessary to
rernove or deactivate bicaeroscls (7). A practical device for
this purpose should accomplish three sequential steps: (1)
bicaerosols are separated from air and immobilized on the
catalyst surface; (2) bioacrosols are killed on the catalyst
surface; and (3) bioaerosols oxidatively decompose. The
focus of this paper is on step 3, oxidative decomposition of
cell mass to carbon dioxide and water vapor. Oxidarion of
cell mass is a critical step for the continuous operation of a
photocatalytic reactor as a self-sterilizing and self-cleaning
filter for bioaerosols. Ultimately, the rate of cell mass
oxidation must be matched to the rate of cell mass deposition
if a practical device is to be designed. The first steps on this
path are presenied here.

Cell mass oxidation was established using three experi-
mental techniques: (a) scanning electron microscopy, (b)
1*C radioisotope labeling, and (c) batchreactor measurements
of carbon dioxide evolution. The scanning electron mi-
croscopy experiments show the disappearance of E. coli cells
deposited on the irradiated TiO, surface, The “C radioisotope
labeling experiments show that the E. coli are the source of
the observed carbon dioxide and provide substantial closure
of the carbon mass balance. The batch reactor experiments
carroborate the mass balance while providing an initial
indication of the rate of the oxidation reaction.

Results and Discussion

Scanning Electron Microscopy Experiments. The disap-
pearance of cell mass on an irradiated photocatalytic surface
was shown by coating microscope slides with a thin fiim of
TiO: {DeGussaP25). The slides were inoculated with a sterile
water suspension of E. co//1.E392 (grown in Luria broth) and
dried in air. Inoculated slides were exposed to UV {~254
nm) or near-ultraviolet (nUV, ~356 nm) light for 75 h. A
blank was kept in the dark. After sputter coating with gold,
the slides were examined via SEM.

Figure 1 illustrates the results of this experiment. Figure
1a is a photomicrograph of a TiO: film cast on a glass slide.
Figure 1b shows the appearance of E. coli on glass with no
photocatalyst coating. The cylindrical shapes are the bac-
teria. Figure [cisacatalyst-coated, bacteria-inocuiated blank
that received no irradiation. Figure 1d reveals that, without

S0013-936X(98)00036-4 CCC: $15.00 © 1998 American Chemical Society
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b) E. coli on a microscope slide, no catalyst, no exposure to light, ¢) E. coli on a microscope slide coated with catalyst,
cylindrical shapes are the bacteria. no exposure to light.
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d) E. coli on a microscope slide, no mtalyst,y
exposed to nUYV light (356 nm) for 75 hours.
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e) E coliona lmcroscope slide, no catalyst,
exposed to UV light (254 nm) for 75 hours.
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f) E. coli on a microscope slide coated with catalyst, g) E. coli on a microscope slide coated with catalyst,
exposed to nUV light (356 nm) for 75 hours. exposed to UV light (254 nm) for 75 hours.

FIGURE 1. Scanning electron microscope images showing the disappearance of E. coli via heterogeneous photocatalysis.
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catalyst, the nUV light has virtually no effect on the E. coli
after 75 h of exposure. Exposure to UV radiation in the
ahsence of catalyst for the same period effected some degree
of decomposition, as shownin Figure le. InFigure 1, panels
fand g, E. coli coated on irradiated films have decomposed
almost completely after 75 h of exposure to nUV and UV
radiation, respectively. These experiments were repeated
four times using various TiO; ceating techniques, and the
results were consistent. In a fifth run, the films were cast
onte quariz slides and the radiation was introduced from
the reverse (uncoated and not inoculated) side of the slides.
Similar results were again observed revealing that direct
irradiation of the E. coli is not required to achieve decom-
position of the microbes,

4C Experiments. A flow-through photocatalytic reactor
assembly was used to oxidize "'C-labeled E. cofi bacteria.
The use of the radiolabeled bacteria provided the detection
limits necessary to monitor the oxidation of cell mass and
provide proof that the cell componentis are the source of the
carbon dioxide. The “C-labeled cells were prepared by
culturing E. coli K12 in fructose minimal medium (11)
supplemented with 5 #Ci of [U-“Clfructose (New England
Nugclear).

The photocatalytic reactor consisted of a fritted-glass disk
(porosity E) with a total surface area of 12.6 cm? coated with
31.1 mg of TiO; catalyst (DeGussa P25). Approximately 0.33
mL of the “C-labeled E. coli K12 suspension in water was
pipetted directly onto the disk and dried under a stream of
nitrogen gas. The total dry cell mass loaded onto the frit was
1.5 mg containing 24 411 disintegration per minute (dpm).
The reactor was irradiated by a nUV lamp that provided a
light intensity at the photocatalyst surface of 4.1 mW/cm?.
The ''CO, produced was carried by a constant stream of
zero-grade air flowing at 11.5 mL/min and subsequently
trapped into a two-stage bubbler, each stage containing 65
mL of 0.2 N KOH solution. After 97 h of reaction, an aliquot
of the KOH solution was pipetted into a scintillation vial
with 8 mi of Optifluor scintillation cocktait (Packard) and
counted in a Beckman LS 6000 scintillation counter. A dark
control experiment was performed with a frit inoculated with
labeled cells but not exposed to light.

Fifty-one percent of the radioactivity from the added
bacterial cell mass was recovered in the KOH fraction as
MCQ:, a product of complete cell mass mineralization.
Approximately 33% of the radioactivity still remained on the
glass frit. This may be due to some cells being deposited in
regions of the porous structure of the frit that were not
accessible to photons. A negligible amount of “CO, was
detected in the dark control experiment. Preliminary
experiments have also demonstrated mineralization of
Rhodobacter sphaeroides 5CJ, a Gram-negative, photosyn-
thetic bacterium.

Batch Reactor Experiments. The goal of the batch
mineralization experiments was to photocatalytically oxidize
bacteria in a closed vofume so that evolved CO; could build
up to measurable concentrations and the rate of the oxidation
reaction could be approximated. The experiments were
performed using 250-mL gas sampling tubes that were
equipped with high-vacuum valves and a septum port (Kontes
Glass Company, Catalog No. 653150-250). In a typical
experiment, a 1.0-mL aliquot of a 0.05 g/ml. suspension of
TiO, (DeGussa P25) was added (o the gas sampling tube
through the septum port, followed by a 1.0-ml aliquot of a
0.3 mg/mL E. coli K12 suspension. In blank control experi-
ments, an equivalent amount of deionized water was added
in place of the TiO; or E. coli suspensions. The E. coli/TiO:
siurry was then dried with house air and moderate heating.
After drying, the slurry formed an irregular film on the side
of the sampling tube.

2652 = ENVIROCNMENTAL SCIENCE & TECHNCLOGY / vOL. 32, NO. 17, 1998

The tubes were purged with an 80:20 nitrogen:oxygen gas
mixture and irradiated with an array of six evenly spaced
nUV lamps, which provided a light intensity at the surface
of the sampling tubes of approximately 3.5 mW/cm?’. The
array heated the sampling tubes slightly above room tem-
perature. The dark control experiments were performed by
wrapping the sampling tube with aluminum foil before
placing it under the light table.

Pertodic samples were taken according to the following
procedure. The sampling tube was removed from illumina-
tion and allowed to cool to room temperature. Triplicate
0.5-mL samples were removed from the tube with a gastight
syringe and analyzed by gas chromatography (GC) (Hewlett-
Packard model 5890 with a6 ft x 1/8in., Porapak Q column).
The sampling tube was then repurged with a CQO:-free
nitrogen:oxygen gas mixture, and ilumination was continued.
The GC was calibrated daily using a 998 ppm CO, calibration
standard (Scoit Specialty Gases).

Figure 2 shows representative kinetic data, including the
control experiments. The data in curves I and Z are
experimental cases, where sampling tubes containing the E.
cofi and Ti(: were illuminated. Three control experiments
were also performed (curves 3—5}, where E. coli, light, and
TiO; were sequentially excluded from the gas sampling tube.

The greater cumulative yield of CO; among the experi-
mental cases relative to the control cases shows evolution
of CO; due to photocatalytic oxidation of cell mass. The
statistical significance of this conclusion is established by
the fact that each data point in Figure 2 represents between
6 and 15 replicate samples. Curve 1 includes representative
error bars corresponding to 99% confidence intervals.

Curve 2 is similar in shape to curve 1 but exhibits a lower
COzflux. This may be due the degree of contaci between the
suspended E. coli and irradiated TiO,. To test this, 23 h into
experiment 2 the E. coli/TiO; film was resuspended in 2 mL
of deionized water, redistributed over the sampling tube
surface, and dried as before. An increase in the rate of CO;
evolution is observed at 23 h in curve 2. The CO; evolution
in the control experiments (curves 3—5} is likely due to leakage
of CO; from the ambient air, although for the light/TiO
control experiment (curve 3), oxidation of trace crganic
impurities on the catalyst would also produce CO;.

The carbon fraction of bacterial mass recovered as COs
was calculated by subtracting the 80 h data point from curve
3 (0.03 mg. no E. coli) from the mass average of the 80 h data
points in curves 1 and 2 (0.11 mg) and then dividing by the
initial bacterial mass loading (0.30 mg) to give a value of
27%. The literature values for carbon content of a typical
bacterium range from 47% 10 53% (12, 13). If we assume
50% carbon content, the data in Figure 2 indicate 54%
mineralization of the E. coli by photocatalytic oxidation. In
this experiment, the amount of carbon remaining in the
sampling tube could not be determined.

The literature contains references to cell killing via
photocatalysis, but oxidation of cell mass has not been
previously reported. Three different experimental ap-
proaches have demonstrated that a TiO: surface irradiated
with nUV or UV illumination can oxidatively decompose a
substantial portion of the bacterial celi mass in the presence
of air. The carbon mass balances are not cornpletely closed.
The missing carbon could be due to cell material that is
shaded from light and does not react or cell components
that are refractory and do not react. The experiments
reported here do not address the issue of the fare of mineral
matter in the cells and the impact they might have on catalyst
lifetime or activity. This inorganic matter could act to reduce
the local photocatalytic activity at the site of the cell that is
being decompased.

Work is underway to further refine the carbon mass
balances, to determine the fate of other elemental compo-
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FIGURE 2. Cwmnulative CO, evolution as a funclion of irradiation time during the oxidation of cell mass via heterogeneous photocatalysis.

nents of mineralized cells, and to evaluate factors that control
the rate and extent of cell mineralization. Variables to be
investigated in this context include type of organism, light
intensity, reactor design, and catalyst type and configuration.
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Mational Renewable Energy Laboaratory
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Mission

Research Highlights—Photocatalytic Chemistry for
Environmental Applications

Photocatalytic chemistry for removing hazardous chemicals from water, soils, or air has
been an active area of work at NREL since 1988. DOE and outside sponsors have
supported this work. The photocatalytic group includes chemists, chemical engineers,
mechanical engineers, and microbiolagists. Researchers have

e Demonstrated solar processes for water and air purification, helped industry develop
equipment for removing trichloro- and perchloroethylene from air stripper off-gas.

« Provided fundamental chemical and kinetic information on mechanisms of
photocatalytic oxidation of many classes of organic compounds and the mechanism
of cell killing.

= Added to the understanding of removing volatile organic compounds and bioaerosols
from indoor air.

» Developed methods for designing and modeling solar and lamp reactor systems.
The group is available ta assist companies interested in developments in the rapidly
expanding applications of photocatalytic chemistry to indoor air purification, self-cleaning

surfaces, disinfection, and environmental cleanup.

For more information about this program check out these publications. (The following
documents are available as Adobe Acrobat PDFs. Download Acrobat Reader):

* Challenges and Potential Solutions for Reducing Climate Control Loads in
Conventional and Hybrid Electric Vehicles (PDF 174 KB)

* Bibliography of Work on the Photocatalytic Removal of Hazardous Compounds from

Water and Air (PDF 1.5 MB)

« Bibliography of Work on the Photocatalytic Remova! of Hazardous Compounds from
Water and Air (Update Number 1, to June 1995) (PDF 2.7 MB)

= Bibliography of Work on the Photocatalytic Removal of Hazardous Compounds from
Water and Air (Update Number 2, to October 1996) (POF 2 MB)

» Bibliography of Work on the Heterogeneous Photocatalytic Removal of Hazardous
Compounds from Water and Air (Update Number 3, to January 1999) (PDF 698 KB)

e Bibliography of Work on the Photocatalytic Removal of Hazardous Compounds from
Water and Air (Update Number 4, to October 2001) (PDF 2.4 MB)

The following are representative of the papers that have been published in this area:
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“Application of the Photocatalytic Chemistry of Titanium Dioxide to Disinfection and
the Kilting of Cancer Cells," Separation and Purification Methods 28:1-50, 1999.

"Heterogeneous Photocatalysis for Contral of Volatile Qrganic Compou nds in Indoor
Air," J. Air & Waste Management Association 46:891-895, 1996.

"Bactericidal Mode of Titanium Dioxide Photocatalysis," J. Photochem. Photobiol. A.
Chem. 130: 163-172, 1999.

“Mineralization of Bacterial Cell Mass on a Photocatalytic Surface in Air," Environ,
Sci. Technol. 32: 2650-2653, 1998.

"Direct Mass Spectrometric Studies of the Destruction of Hazardous Wastes. 2.
Gas-Phase Phatocatalytic Oxidation of Trichloroethylene over TiO2: Products and
Mechanisms," Environ. Sci. Technol. 27:732-740, 1593.

Contact: Dan Blake, 303-384-7701

Home | NREL Home | Webmaster
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Cleaning Indoor Air

The Industrialist looks at indoor air poflution and reviews research into Photocatalytic
Oxidation -- an effective way to improve indoor air quality.

Over recent decades our exposure to indoor air pollutants has increased due to a variety of
factors. These include the construction of more tightly sealed buildings, reduced ventilation
rates to save energy, the use of synthetic building materials and furnishings, and the use of
chemically formulated personal care products, pesticides and household cleaners.

Though the connection between respiratory problems (the most common effect of indoor air
pollution) or other symptoms and conditions suffered as a result of poor indoor air quality
(IAQ) is not clear, a US Environmental Protection Agency report commented that “such
suggestions should be seriously considered and pursued”.

Hong Kong's Environmental Protection Department (EPD) commissioned a study as early
as 1995 to assess |AQ in office premises and selected public places including restaurants,
cinemas and shopping malis. The study concluded that poor IAQ was commonly found in
indoor environments. EPD estimated the annual economic losses in medical costs were
HK$0.16 billion and some HK$12 billion in lost productivity costs.

Poor IAQ is particutarly a problem in newer buildings with energy saving design features.
“Many tend to have low levels of fresh air intake, which results in stale air continually
circulating within the building, increasing the likelihood of air-borne viruses and the
accumulation of other pollutants,” says Dr Michael Leung, Research Assistant Professor of
the University of Hong Kong's Department of Mechanical Engineering.

Photocatalytic oxidation

Against a background of mounting scientific evidence indicating that a range of health
problems and complaints might be associated with poor IAQ, the search is on for ways to
improve and mitigate the potentially harmful effects of poor quality air.

Prof Leung notes that there are various types of commercial products in the market to clean
the air. These include high-efficiency particulate air (HEPA) filters, electrostatic
precipitators, and ozone generators. "However, all have their weakenesses:
micro-organisms trapped in a filter will continue to live and multiply, ozone is a potential
lung irritant and exposure to elevated levels is a contributor to the exacerbation of iung
diseases.”

In view of the limitation of traditional products, Dr Leung decided to investigate further
titanium dioxide ‘ a semiconductor photocatalyts that allows photocatalytic disinfection and
detoxification.

-
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When a photocatalyst (e.g. anatase TiO2 powder) is illuminated by sunlight or placed near
UV light, it initiates a series of chemical reactions involving water vapour and oxygen inthe
air. This photochemical process generates a very powerful oxidising agent * hydroxyl
radicals ' that effectively destroy microorganisms in the air, eliminate organic odours, and
destruct volatile organic compounds into harmless basic compounds. Photocatalysts are

- effective in both indoor and outdoor environments.

2of3

In a field study, Dr Leung and his team evaluated the photocatalytic disinfection
performance on indoor air in & hospital ward. A HEPA filter and photcatytic convertor
together with a UV light were placed in a portable unit measuring about two-foot square.

The study first measured the total viable count of bacteria in the hospital ward under normal
conditions, which recorded bacteria at 118 cfu per cubic metre. After which, the portable
unit containing the photocatalytic converter and HEPA air purifier was placed in the ward for
a period of 24 hours. Air measurements were then retaken that showed the bacterial count
had reduced by 43 per cent to 67 cfu per cubic metre.

Dr Leung suspected that the elimination of larger bacteria in the ward could be attributed to
the installed HEPA filter, while the inactivation of smaller bacteria could be attributed to UV
light incident on the photocatalyst. He now set out to determine how much bacterial
destruction could be attributed to each.

To ascertain this, he removed the photocatalyst and the UV light, only leaving the HEPA
filter active for another 24 hour-period. The bacterial count increased to 93 cfu per cubic
metre. "This means that the HEPA filter reduced the bacterial count by 21 per cent and the
photocatalytic oxidation accounted for a 22 per cent destruction of bacterial colonies on the
first experiment,” he says.

Dr Leung carried out this test in an active hospital ward “ people were entering and leaving,
doors were being opened and shut, the air conditioning was on etc. * resulting in a large
amount of ambient air entering the vicinity of the 1AQ test. Tests have been carried cut
using similar systems in controlled laboratory environments that have reduced indocr air
bacteria levels by 99 per cent.

The immediate disinfection effect of the photocatalytic converter was measured by taking
bacterial counts of air samples collected at the intet and outlet of a photocatalytic converter
air purifier. The bacterial counts of the air samples reduced significantly by 52 per cent from
109 cfu per cubic metre at the inlet to 52 cfu per cubic metre after the air had been purified
by both filtration and photocatalytic disinfection.

For comparison, the same test was performed with the photocatalytic converter
disconnected. This showed filtration using only the HEPA filter reduced the bacterial count
by just 5.4 per cent. Therefore, the immediate disinfection effect of the titanium dioxide filter
led to the destruction of 46.6 per cent of airborne bacteria in one pass of air through the air
purifier.

The results underscore the potential of photocatalytic disinfection to effectively reduce
bacterial count in the air without any changes to the existing ventifation system. They also
highiight that if air is allowed to flow freely between the treated zone and other areas, the

2560
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disinfection effect is much lower.

The equipment that Dr Leung used retails at HK$12 thousand. "'Relatively expensive " he
says, “However, as with all new technology, as demand increases it should become more
affordable.”

Most recently Dr Leung conducted IAQ tests with a photocatalytic converter unit connected
within a central air conditioning system, with positive results. In the future, he plans to focus
his research on ways of using natural sunlight opposed to energy consuming artificial UV
light with photocatalysts. "We could then reduce the operational and maintenance cost of
the system.”

Dr Leung notes that there are numerous outside companies offering IAQ measuring
services; the EPD has a list of recommended service providers. Those that want to learn
more about the acceptable levels of IAQ can refer to a 1999 report by the Indoor Air Quality
Management Group of Hong Kong, which established 3-levels of IAQ objectives for
occupants spending 8 hours in indoor environments.

"In each level, the exposure limits are specified for carbon dioxide, carbon monoxide,
nitrogen dioxide, ozone, formaldehyde, individual organic compounds, total VOC, airborne
bacteria, respirable suspended particulates, and radon,” concludes Dr Leung.

If you would fike more information on the work of Dr Leung, you may contact him at email:
mkhleung@hkucc.hku. hk.
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j October 25, 2002

Preliminary results from the Colony Forming Unit (CFU) testing in an operating room
(located at the Hamot Medical Center in Erie, PA) indicate a 56.54% reduction in CFU'’s
when the KES AiroCide units were operating vs. when they were not. Prelirinary
results will be statistically analyzed for accuracy. Further testing and analysis will be
conducted.

Best regards,

John J. Hayman, Jr.
resident
JJH:ds
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November 7, 2002

PREMARKET NOTIFICATION
Truthful and Accurate Statement

[ certify that, in my capacity as President of KES Science & Technology, Inc., I believe to the
best of my knowledge, that all data and information submitted in the premarket notification are
truthfu! and accurate and that no material fact has been omitted.

n J. lHayman, Jr.
President

3625 Kennesaw North Industrial Pkwy., Kennesaw, GA 30144 800-627-4913 {FAX)770-425-0837 www kesmist.com
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Science &
Technology, Inc.

November 7, 2002

PREMARKET NOTIFICATION STATEMENT

[CcaBR3T

ste) Stadem corl

I certify that, in my capacity as President of KES Science & Technology, Inc., I will make
available all information included in this premarket notification on safety and effectiveness
within 30 days of request by any person if the device described in the premarket notification
submission is determined to be substantially equivalent. The information I agree to make
available will be duplicate of the premarket notification submission, including any adverse safety
and effectiveness information, but excluding all patient identifiers, and trade secret and

confidential information, as defined in 21 CFR 20.61.

John J. Hayman, Jr.
‘resident

3625 Kennesaw North Industrial Pkwy., Kennesaw, GA 30144 800-627-4913 (FAX)770-425-0837 www kesmist.com
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Common Organic Gases
(Volatile Organic Compounds - VOCs)

ethane
ethene
acetylene
iso-butene
propene
propane
Isobutane
acetaldehyde
n-butane
methanol
ethanol
isopentane
acetone
n-pentane
2-methyl-2-butene

benzene
2-methylhexane

2,2 4-trimethylpentane

toluene

2,3,5-trimethylhexane

m- & p-xylene
2-methyloctane
styrene + heptanal
o-xylene

2 ,6-dimethyloctane
m-ethyltoluene

1,3,5-trimethylbenzene

o-ethyltoluene

1,2,4-trimethylbenzene
1,2,3-trimethylbenzene

C10 aromatic

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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KESISGS, AiroCide ETL LISTED
Modett TIO2  Hertz 60 Voits 115 (Ib ElEﬂ'I'IIIG
LigTED us

Seriatf ACO018  pmps 4 Phase 1 3023400 ““s

3625 Kennesaw N, Ind. Prwy.. Kennesaw. GA 30144 CONFORMS TO ULSTD 507

AN-627-4913 www Kesmist.com

@ : Warning: Use ONLY a 120 VAC
| power supply with at least

o SLSOL.COM Mo.50198-K

10 AMPS of power.
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AUTHORIZATION TO MARK

This authorizes the manufacturer to apply the ETL mark to certified products; also to the
multiple listee model numbers as listed on the correlation page of the Listing Report where
applicable; when made in accordance with the accompanying descriptions and drawings
under the conditions set forth in the Certification Agreement herein:

Applicant: KES Science and Technology

3625 Kennesaw North tndustrial Park
Kennesaw, GA 30144

Contact: Mr. Richard Zoellick
Phone: 770-427-6500 Fax: 770-425-0837

Manufacturer: Same as applicant

Reference Report; 3020865A

Product Covered. Bio-KES 348, AiroCide TiO2, AiroCide TiO2 11,

Dascription: Cord-connecled Ethylene Gas & Adrborne Pathogen Removal System
Standard(s): Biectric Fans; UL 507, 9™ Edition, 1999

This procedura, with all revisions, etc., Is tho property of Intertek Testing Sorvices and i-
intonded sololy for the guldance of tho listoe and tho ropresentative of Intertok Tosting
Sorvices, and is not transfarablo.

Issued by: Intertek Testing Services NA Inc., 24 Groton Avenue, Cortland, NY 13045-2014
USA

Li15TED

Authorized by: QZC/K/C" ‘2,?, i 25’52 A J Date: O—:_Q.}'O 7 T/’
William T. Starr #772%

Certification Manager

Control Number: 5 OA O

PRH/OCE/DID at e PFrOISTATUS @™ .ovr301-79-
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AiroCide TiO,

Airborne Pathogen Removal System
Owner's Manual & Installation Instructions

Congratulations! By purchasing AiroCide TiO,, the most advanced and effective airborne pathogen reduction
system available, you've positioned yourself as a leader in your industry. AiroCide uses technology originally
used by NASA to grow wheat in space for the first time ever. A non-depleting catalyst (Titanium Dioxide; TiO,)
inside the unit forms OH- radicals. These OH-radicals work with 52 Ultraviolet bulbs within the unit to kill
airborne pathogens such as bacteria, viruses, dust mites, molds, spores and fungi.

Science & 3625 Kennesaw North Industrial Pkwy.; Kennesaw, GA 30144 USA
Technology, Inc. (800) 236-1846 FAX (770) 425-0837 Local {770) 427-6500
www.kes-pro.com

AiroCide_TIO2 Installation_Manual.car
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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AiroCide TiO,

CAUTION: Never remove AiroCide

cover while it is plugged in.
(UV bulbs buried within the unit are
harmful to human eyes)

About AiroCide TiO,

AiroCide TiO, uses truly breakthrough technology to clean
the air of airborne pathogens. It works by drawing in air
through its Air Entry Port and then forcing it through its
Reactor Bed where a photo-catalytic reaction occurs.

Tiny, hollow borosilicate glass tubes (Rasching rings)
which have been coated with titanium dioxide (TiO,) are
packed tightly into the reactor bed. TiO, is a photo-catalyst
stimulated by ultraviolet energy at 340 nm to 350 nm,
which AiroCide produces with 52 ultraviolet bulbs. The
germicidal bulbs, together with the titanium dioxide's
formation of hydroxyl radicals (OH ), will kill 98% of
airborne pathogens, i.e., bacteria, virus, dust mites, molds,
spores, and fungi.

To Install

Note: Due to the size of the AiroCide TiO, unit (60 1bs./27
kg) and the nature of its installation, it will require heavy-
duty bolts (included) and two people to mount.

1) Take the unit carefully out of its shipping box.

2) AiroCide is designed to mount to a ceiling using 10
mounting screws. Howeyver, if space or the ceiling's
building material will not accommodate the unit, it may be
mounted to a wall with the Air Exit Port (see photo above)
pointing toward the ceiling.

Science &
Technology, Inc.

1

ol
(1]

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

3) Determine where the AiroCide unit will be mounted. It
should be located centrally in the room so that the air vents
are not blocked by walls, light fixtures or any other objects.
The air exit port must be at least 36” away from any
obstructions.

4) Place the unit on the ceiling and attach to ceiling with
the four 3/8" panhead screws (included) through the four
Jarge mounting slots on the unit's base. The screws should
go through the large hole in the mounting slots.

5) Further secure the unit to the wall or ceiling by threading
the smaller panhead screws (included) through the 6
smaller pre-drilled holes in unit's mounting base (3 on each
side).

378

Mounting
: Slot Small
Modnting Pre-drilled
Slot Hole

3/16"

Caution: Be sure that the AiroCide unit is securely
attached to its surface, paying special attention when
mounting to ceilings. Because of its weight (60 Ibs.)
coming detached from a wall or ceiling will damage the
unit and could cause bodily harm.

6) Use the enclosed power supply box screws (Part A) to
mount the Power Supply Box to the wall in a convenient,
easy to reach location.

3625 Kennesaw North Indusfrial Pkwy.; Kennesaw, GA 30144 USA
(800) 236-1846 FAX (770) 425-0837 Local (770) 427-6500
www.kes-pro.com

AiroCide _TiO2_Instailation_Manual.car

i ol
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AiroCide TiO,

KES supplies 20' of 18/3 attached wire and a 6' 18/3 power
supply cord.

7) Use the enclosed cable clamps (Part B) and cable clamp
screws (Part C) to secure power supply cords to ceiling
and/or wall.

System start-up

1) Adjust the on/off switch on the Power Supply Box to the
“on” position.

2) As the AiroCide unit turns on, the red power indicator
light should come on and a very light hum can be heard
from the fan in the unit. (Do not remove the AiroCide
cover when the unit is plugged in.)

Power

Supply Box —p,

On/Off
Switch

Power
Indicator

Limited Warranty

KES Science & Technology, Inc. offers a one year from
date of invoice limited warranty on the material and
workmanship of all metal and plastic components of
AiroCide. This limited warranty does not cover any of the
electrical components of the AiroCide System. This
warranty does not cover loss of or damage to any parts of
this system not installed in accordance with the furnished
installation and maintenance instructions. At its option,
KES will repair or replace any components which upon
inspection KES finds to be defective. KES will only repair
or replace components if the components have been
installed in accordance with the furnished instructions and
that there has been no misuse or negligence. This limited
warranty does not cover any repair/maintenance labor or
shipping costs for repaired or replaced parts.

== Science &
== Technology, Inc.

3

Specifications

Function
The flow rate through the unit is 8 CFM +/- 1 (0.227
m’/min) or 480 CFH (13.6 m’/h).

Application

Mail handling areas, conference rooms, offices, kitchens,
COmmon areas

Construction
Stainless Steel & Aluminum

Electrical

120 VAC

50 watt, 120 VAC fan motor

52 - 8§ watt UV

13 - 120 VAC bulb ballasts

26' Power Cord - (20' From Unit to Power

Control Box/ 6' From Power Control Box

to Outlet)

Power consumption: 432 watts (3.6 amps) @ 120 VAC

Controls
On/Off switch

Maintenance

UV bulbs have an average life of one year, after which
your system will run but not be effective. Contact KES or
your AiroCide Distributor to schedule your yearly
maintenance.

Dimensions
Bio-KES Shipping Carton
Length | 461/2" (1.18m) 53" (1.35m)
Width | 2412" (62 m) 30" (.76 m)
Height | 3 1/2" (089 m) 8" (2m)
Weight | 59 Ibs. (26.76 kg) Loaded: 71 Ibs. (32.20 kg)

3625 Kennesaw North Industrial Pkwy.: Kennesaw, GA 30144 USA
(800) 236-1846 FAX (770) 425-0837 Local (770) 427-6500
www.kes-pro.com

AiroCide _TiOZ2_Instaliation_Manual.car

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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AiroCide TiO,

Date of Purchase
Date of Installation

Dates of Service

g === Sdlence & 3425 Kennesaw North Industrial Pwy.; Kennesaw, GA 30144 USA
== === Technoiogy, Inc. [800) 236-1846 FAX {770) 425-0837 Local (770) 427-6500
WWW.KES-DIO.COM
4 AroCide TIO2 Instaliation Manudl.cdr

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 BO
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AiroCide TiO,

&= Science & 3625 Kennesaw North Industrial Pkwy.: Kennesaw, GA 30144 USA
N K E == Technology, Inc. (800) 236-1846 FAX (770) 425-0837 Local (770) 427-6500
LN www.kes-pro.com
Q AlroCide_TiO2_Diagram.cdr 12/04/01

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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PIHH courer o et erasogioat Hoalts B CDRH Home | Scarch | A-Z Index | Feedback
o g 510(k) | Registration | Listing | Adverse | PMA | Classification | CLIA
o o ;1 Events
mm CFR | Advisory | Asscmbler | NHRIC | Guidance | Standards

Prototype - fortesting only Title 21  Committees

New Search Back To Search Results

[Code of Federal Regulations]

[Title 21, Volume 8]

[Revised as of April 1, 2002]

From the U.S. Government Printing Office via GPO Access
[CITE: 21CFR880.6500]

[Page 398]

TITLE 21--FOOD AND DRUGS
CHAPTER I--FOOD AND DRUG ADMINISTRATION, DEPARTMENT
OF HEALTH AND HUMAN

SERVICES (CONTINUED)

PART 880--GENERAL HOSPITAL AND PERSONAL USE
DEVICES--Table of Contents

Subpart G--General Hospital and Personal Use Miscellaneous Devices
Sec. 880.6500 Medical ultraviolet air purifier.

(a) Identification. A medical ultraviolet air purifier is a device
intended for medical purposes that is used to destroy bacteria in the

air by exposure to ultraviolet radiation.
(b) Classification. Class li {(performance standards).

Database Updated April 1, 2002

CDRH Home | Scarch | A-Z Index | Foedback | Accessibility | Disclaimer

lofl 10/29/2002 4:11 PM
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 % [D
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[:'ﬂ'“'“ Ceuml}:}mamgkzﬂ;:;g@mam 3 CDRH Homg | Scarch | A-Z Index | Feedback
e ) S10(k) | Registration | Listing | Adverse | PMA | Classification | CLIA
’ o) 1115 4] Events
w CFR | Advisony | Assembler | NHRIC | Guidance | Standards

Prototype - for testing onty Titlc 21  Committces

New Search Back To Search Results

Product Classification Database

Device «.  PURIFIER, AR, ULTRAVIOLET MEDICAL
Medical Specialty General Hospital =
Product Code

Device Class @
510(k) Exempt? No
Regulation Number 880.6500

Third Party Review Eligible for Accredited Persons Expansion Pilot
Program
Accredited Persons and Third Party Program
information

Accredited Persons

e CALIFORNIA DEPARTMENT OF HEALTH SERVICES
e CITECH

e ENTELA, INC.

e INTERTEK TESTING SERVICES

e N.V. KEMA

e TUV AMERICA, INC.

e TUV RHEINLAND OF NORTH AMERICA, INC.

e UNDERWRITERS LABORATORIES, INC.

Database Updated 10/6/2002

CDRH tiome | Scarch | A-Z ludex | Feedback | Accessibility | Bisclaimer

ol 10/29/2002 4:08 PM
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS @fda.hhs.gov or 301-796-8118 '5\\
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D |,\|\ IMENT O HEALUTE HUMAR SERVICES . Public skl Servce
_ o Food and Drug Admihistration
( ( 211 e :
S ' - Memorandum
" From: Rev1cwcr(s) Namc(s) : d O Wam f?@! [
 Subject: - 510(k) Number - K D: Q ?D g%@
'i‘é: - The Record It 1S my rccommendatmn ‘that the sub]ect 5 IO(k) Notlﬁcatlon
DRefuscd to acccpt _ |
gj/qulres additional information (other than refuse to accepl)
Is substantially equivalent to marketed devices. -
CINOT substantially equivalent to marketed devices.
De Novo Classitication Candidate? Olyis [(F1o
LOuher (c.g., exempt by regulation, not a device, duplicate, etc.)
Is this device subject to'Pos!markcl Surveillance? ves L 'No
Is this device subject (o the Tracking Regulation? Qves [;l/ O
Was clinical data necessary (o support the review of this 510(k)? COves Eﬁ)
Is this a prescription device? LIves @/NO
Was this 510(k) reviewed by a Third Party? CIves [__":]/NQ
Special 510(k)? Ovis [E/NO
Abbreviated 510(k)? Please fill out form on 11 Drive 510k/boilers LlvYEs ti/N()

Fhis 510(k) contains [j/
Truthful and Accurate Statement [ Requested Enclosed
(required for originals reccivcc{é&,% and after)

‘LA 51000 summary OR EIA 510(k) statement

. gpe'équired certification and summary for class I1I devices

The indication for use form (required for originals received 1-1-96 and after)
Animal Tissue Source L1 vES O wno

The submitter requests under 21 CFR 807.95 (doesnCapply for Skis):
No Confidentiality L1 Confidentiality for 90 days L) Continued Confidentiality exceeding 90 day

Predicate Product Code with class: Additional Product Code(s) with panel (optional):

_ERA e [T 80 ¢sTC e

2 [~ |~e
(Hranc) 7 C’L [7\'\ ' (limnch C odu) B (l)d{% 3
Final Review: _ ?M,W e o 9\/ 11 )d

(I)ivir;iun [)IILLU)I) (I)llt)

Revie

Revised 8717409 u*
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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‘SlO(k) “SUBSTANTIALE QUIVAL]LNCI"’
DECISION-MAKING PROCLSS '

023825
o)

New Device is Compared (o
MarkcI:d Device
Doces Jlew Device HaveSame NO Do the Differences Alter the Intended Not,_Substantially :
Indifation Sta,temcnt'l_‘“’—* - Therapeutic/Diagnostic/ete. Effect YES  Equivalent Determination .
(in Deciding, May Consider Impacfon | ™ R L.
" Safety and Effectiveness)? L

Descriptive [nformation
about New or Marketed

Device Requested as Needed -
- . l./l YES

New Device Has Same ntended
Use and May be “Substantially Equivalent”

©

New Device Has + O
New Intended Use

(©

acs New Devie
Technotogical C
c.g Design, My

Have Same
\aracleristics,
erials, elc.?

ES

NO

Could the New

T ey eyt o o
> Characteristics

(»)

[Do the New Characteristics

Aflect Safety or —— Raise Mew Types ol Safety YIS

O

@ l Effectiveness? or Effectiveness Questions?
A
1 ]
A re Lie [Descriptive NO
— Charactenistics Precise Enough NO
to Fnsure [quivalence? € ——
9
NO -
——— A Performance Data Du Accepted Scientific
Availghle 1o Asses Tiquivalence? YES Methods Existfor |
Assessing Effects of NO
the New Characteristics?
YIS
YES
; ()
Arc Performance Date. Available NO

To Asscss Effects of New
Characteristics?***

Performance
Data Required

YIS

o

YES

Y

Performance Da%
- - X
Equivalete? 7 (@N]

YES

Performance Data Demonstrate
Equivalence? -
NG

—

NO

(D)

¥

SSubstannally Gquivalent”
Determinagion

o (D)

S10(k) Subnussions compare new devices to marketed devices. FDA requests additional mformation if the relationsk.qy between
marketed and “predicate” (pre-Amendments or reclassifed post-Amendments) deviees s unclear.

This decston 15 normally based on descrptive infomation alone, but houted esting mformation 15 sometimes required
Prata mevhe e 3100Y, other 310K, (he Center's classitication tiles, o the Tteratuze
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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- REVISED£3/14/95
'THE SIO(K) DOCUHENTATION FORMS ARE AVAILABLE 'ON THE LAN UNDER, 610 (K)

BOILERPLATES TITLED 'DOCUHENTATION" -AND HUST.BE FILLED OUT WITH- ..+
EVERY FINAL DECISION (SE, NSE -NOT A DEVICE, ETC. ).

“SUBSTANTIAL EQUIVALENCE® . (SE) DECISION MAKING DOCUMENTATION

K Chl?y?fiﬁ

Reviewer: ﬂe[’ ) O ar< PKL,{/

Division/Branch:MI@%:’ DA’GJ’ O / /e dUC P_)
Device Name: 4(j&iﬂ§([kéh 7ril3§1}*
ksera S

product To Which Compared (510(K) Number If Known): KGCCK L%, Sec evex Cornd
RX A 3eed
0

YES

il

i. Is Product A Device If NO Stop

2. Is Device Subject To 510(k}? If NO = Stop

3. Same Indication Statement? If YES = Go To & H

If YES

il

4. Do Differences Alter The Effect Or
Raise New Isgues of Safety Or

Stop NHE

sk

Effectiveness?
5. Same Technological Characteristicsa? If YES = Go To 7
6, Could The New Characteristics Affect If YES = Go To 8
Safety Or Effectivenegs?
7. Descriptive Characteristics Precise L/Jrlf NO = Go To 10
Enough? If YES = Stop SE
8. New Types Of Safety Or Effectiveness If YES = Stop NE

Questions?

— 3 _— ]

9. Accepted SCLenLLilL Hethods Exist? If NO = Stop NE

If NO = Requesnt
Data

S D R
L

10. Performance Data Available?

11. Data Denonstrate Kquivalence? Final Decigion:

|
s S

Hoto: in addition Lo completing the form on the LAN, "yes” responses to
questions 4, 6, 13, and 11, and covery "no” Teaponge x'equirnsa an

aoxplanat 10n.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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1{:‘Iﬁ£énded Uaef

T2 Device Degcrlptlon,,PrOVLde a gtatement of how the devlce s either )

gimilar to and/or different from other marketed dev;cee, plusa data . (if

 neceasary) to support the statement. Is the-device Tife- supportlng or
'llfe austalnlng? Ia the device melanted (Bhort term or long-term)? Does
the devlce desxgn uge software? Is. the device sterile? Is the device for
slngle use? Is the device over-the-counter .or prescription use? = Does the
device contain drug or biological product ag a component? Ia thisg device
a kit? Provide a summary about the devices design, materials, physical
properties and toxicology profile if important.

FXIPLANATIONS TO *YES" AND "NO" ANSWERS TO QUESTIONS ON PAGE 1 AS NEEDED

1. Explain why not a device:
2. Explain why not subject to 510(k}:
3. How doesg the new indication differ from the predicate device's

indication:

4. Explain why there is or is not a new effect cr safely or effectiveness
isgue:

5. Degcribe the new technological characteristics:

6. Explain how new characteristics could or could not affect safety or

effectiveness:
7. Explain how descriptive characteristics are not precise enocugh:

8. Explain new types of safety or effectiveness questions raised or why the
qguesticons are not news:

9. Explain why existing scientific methoeds can not be used:
10. Explain what performance data is needed
11. Explain how the performance data demonstrates that the device is or is

not. substantially equivalent:

ATTACH ADDITIOHAL SUPPORTING IRFORMATION

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 7
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K/-O;tﬁgzs‘a

B . Y

R | Intemal Adm!mstrattve Form B .

ITYES T NC

1. Did the firm request expedited review? : T e
' Did we grant expedited review? ' :

Have you verified that the Document is labeled Class Il for GMP

purposes?

If, not, has POS been notified?

is the product a device? v

Is the device exempt from 510(k) by regulation or policy? ._/

Is the device subject to review by CDRH?

Are you aware that this device has been the subject of a previous NSE: "

decision?

9. if yes, does this new 510(k) address the NSE tssue(s), (e.g.,
performance data)? ] 0

10. Are you aware of the submitter being the subject of an integrity L
investigation?

11.1f, yes, consult the ODE Integrity Officer.

12.Has the ODE Integrity Officer given permission to proceed with the
review? (Blue Book Memo #191-2 and Federal Register 90N0332,
September 10, 1991,

™

w

o~ o ;s

"\‘—\;%?Qiﬁ,\ 2Q

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Date: January 30, 2003
From: Feli A. Marshall, Nurse Consultant, INCB, DAGID (HFZ-480)
Subject: K023830 AiroCide TiO,

ProCode: FRA/80/11

Firm: KES Science and Technology
Contact: John Hayman Jr.

Phone: 770-427-6500

Fax: 770-425-0837

MEMO TO THE RECORD

KES Science and Technology has submitted a premarket notification for an ultraviolet air
purifier with a trade name AiroCide T10,.

INDICATION OF USE

The firm states that the potential application of the device includes removing and
mineralizing airborne contaminations of pathogens and/or harmful molds and volatile
organic compounds present in rooms or enclosed areas such as: treatment rooms, hospital
wards, intensive care, holding areas, jails, operating rooms, homeless shelters, pediatric
waiting areas, command and control vehicles, embalming room, funeral homes, and
postal facilities.

DEVICE DESCRIPTION

The AtroCide TiOzunit is a 48” x 24™ x 4 aluminum box, ETL-listed, which plugs into a
standard 110 outlet (456 watt max power consumption). The AiroCide has 522 UVGI 8
watt bulbs and approximately 5 pounds of TiO, coated- rings. The Airocide also
contains an internally mounted fan. The fan will cause a local negative pressure
differential between room air near the fan inlet and downstream of the fan. The AiroCide
operates as a single pass treatment device. The media inside the AiroCide is designed to
remove or immobilized the airborne pathogens (bacteria, virus, dust mites, etc) entrained
into the device and then would be acted upon by the two treatment modalities that operate
concurrently to inactivate and oxidize the trapped bacteria and others in the device. Each
unit processes approximately 15,000 cubic feet in 245 hours and mounts on the wall or
ceiling. The only maintenance required is replacing the UVGI bulbs once per year.

In its present configuration, the firm states that the AiroCide can be mounted to a ceiling,

wall, or other interior surface of a building. The firm states that the device conforms to
UL $td. 507 and is atso RN i <.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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The firm states that the unit pulls in air from the room and passes it through a reactor bed
which contains UVGI (ultra violet germicidal irradiation) plus Titanium dioxide (Ti0,),
which is a semiconductor photocatalyst. The catalyst is irradiated with photons of less
than - (the UVGI light), which causes the band gap energy to exceed and an
electron is promoted from the valence band to the conduction band. This process
generates Hydroxy radicals.

Hydroxyl radical and super-oxide ions are highly reactive species that also kill and
decomposes volatile organic compounds (VOCs) adsorbed on the catalyst surface. They
will also kill and decompose adsorbed bioaerosols. The process is referred to as
heterogeneous photocatalysis or, more specifically. photocatalytic oxidation (PCO). The
firm claims that in their test, the carbon atoms in the pathogens were radioisotopes
tagged. The hydroxyl radicals mineralized the organisms (reduced the organics to non-
organic form such as H,O and CO,. The CO; was found to contain the tagged Carbon
(this also demonstrates that the catalyst is self cleaning).

The firm claims that Airocide has been proven to kill 99.99998% of bacillus
Thuringiensis spores in one pass through its reactor. The firm further state that AiroCide
will easily kill weaker or similar spores as well as the vegetative state of most all bacteria
found in the proposed areas listed on the intended use.

It appears that AiroCide utilizes two well established scientific mechanisms to kill
bacteria, fungi, virus, spores, and to break down volatile organic compounds. The first of
the killing mechanism is the 245 nm UVGI. Fifty two, 245 nm UVGI 8-watt lamps
produce this light. These lamps produce billions of UVGI photons. The second killing
mechanism is the photocatalytic reaction with TiO;. This reaction occurs when
photocatalytic reaction produces millions of hydroxyl radicals, which kill and or
mineralize bacteria.

The specifications and illustration of how the air passed through the device are provided
in the document.

PREDICATE

The firm claims substantially equivalent to the Second Wind UV Air Purifier, and RX
Air 3000, both of which were also reviewed by this reviewer. Because of the presence of
TiO,, this reviewer consulted with Dr. Howard Cyr from the Office of Science and
Technology. Dr. Cyr was also present when the firm had a telephone conference with
this reviewer pre 510(k) submission of this device.

TESTING

Please see the two pages summary of the submission marked “A” and “B” by this
reviewer which consist of the history, Overview, and Application.

Testings; Test 1 (December 1, 2001) Tested against Bacillus Thuringiensis.

@

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Test 2 (June 13, 2002) UVGI and Photocatalytic Oxidation in inactivating bacterial
spores.

Test 3 (August14, 2002) AiroCide TiO, device with redesigned catalyst-full reactor bed
tested for control of bacterial spores.

Mold Spore Test (June 12, 2002) Mold test at a condemned home in Austin Texas.

All testing and results were reviewed by Dr. Howard Cyr, of the Office of Science and
Technology, (OST) [review attached.] Results of the testing were found acceptable and
appear to support the claims the firm made in this submission. Testing data are provided
in the Test Data Section of the submission. This reviewer did not have additional
questions on the test data as presented on the document and discussed on the telephone
with Dr. Cyr. Therefore, this reviewer concur with the review and recommendation
provided by Dr. Cyr.

LABELING

The draft product label provided by the firm is acceptable. The promotional and
instruction provided also appear to be acceptable.

ADMINISTRATIVE REQUIREMENTS

The firm provided acceptable Indication of Use statement, Truthful and Accurate
Statement and a 510(k) premarket notification statement.

RECOMMENDATION

Base on the information provided by the firm, we can recommend that the UV air purifier
AiroCide TiO; is substantially equivalent ta the other legally marketed UV Air purifier.

' ,
Feli’A. Mar RN,

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Science & (/ N
Technology, Inc. J
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AiroCide TiO2 - KES Science & Technology, Inc.

AiroCide TiO, is a brand new, unique air scrubbing device. It uses a patented combination of ultraviolet
light and titanium dioxide photo catalysis to both irradiate and mineralize microorganisms.

The device may be used in a wide varicty of settings, including: infection control in medical facilities;
curbing the cross-contamination of tuberculosis, the common cold and other contagious respiratory
ailments; mold reduction; reducing the presence of harmflul VOC's like formaldehyde; and safeguarding
against airborne anthrax and other bio-agenis

History

The technology utilized in the AiroCide system was jointly developed in 1997-98 by the University of
Wisconsin Madison and the Wisconsin Center for Space Automation and Robotics (WCSAR), a NASA
Commercial Space Center. Commercial rights to the technology were obtained by KES in 1998.

KES first used the technology in its Bio-KES 348 to enhance the storage of fiuits and vegetables. Bio-
KES removes ethylene gas and airborne pathogens from the air. In Seplember, 2001, KES made minor
medifications to the Bio-KES to produce a device which was even more effective at killing airborne
pathogens.

Overview

One AiroCide unit is approx. 47"{(1) x 25" (w) x 4" (d) and weighs about 60 tbs. The device runs on 120
VAC and easily mounts to ceilings or walls. Mobile applications can also apply, mounting the device to a
table or cart.

AiroCide will process the air in a 1,800 sq. ft. area with 8 ft. ceilings in 24 hours. Multiple units can be
applied for more air turns in that period of time,

The UVGI germicidal lightbulbs within AiroCide's reactor bed completely oxidize the organic matter
caught on the titanium dioxide-coated glass rings inside it. This mineralization produces harmless carbon
dioxide and watcr.

Application

AiroCide TiO2 is designed to stop cross-contamination of airborne pathogens in enclosed areas. By
mounting the appropriate number of units in a given area, living beings arc protected from a variety of
airborne dangers.

AiroCide 1s not designed for use inside of HVAC systems. While ultraviolet light is promoted by some
for disinfection of air within HVAC systems, the high velocity of air tlowing through vents is counter-
productive considering the amount of contact time needed to sterilize air,

Testing
Test #1 (December 1, 2001)

Dean T, Tompkins, PhD, Professional Engineer, University of Wisconsin Madison
Terry A. Kurzynski, MS, Advanced Microbiologist, University of Wisconsin Madison

The AiroCide TiO, device containing several dozen UVC lamps, a catalyst bed and a heating block set
at 100°F was tested for control of bacterial spores.

|2

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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The device was challenged using a commercial preparation of Bacillus thuringiensis. [NOTE: In licu
of testing the virulent Bacillus anthracis (the anthrax spore), tests were conducted with a non-virulent
form ofbacillus B. thuringiensis which is a spore-forming bacillus that is very similar to B.
anthracis.

Duplicate experiments using an intial inoculum of 1,386 nebulized spores indicate that 101 and 250
survived the experiment, resulting in a % removal from the feed stream of air of 93% and 82%.

Test #2 (June 13, 2002)
Dean T. Tompkins, PhD, Professional Engineer, University of Wisconsin Madison
Terry A. Kurzynski, MS, Advanced Microbiologist, University of Wisconsin Madison

A slide study was conducted to test the performance of UVGI and Photocatalytic Oxidation in
inactivating bacterial spores.

Microscope slides were coated with a proprictary titania-based photocatatyst and then later inoculated
with spores of Bacillus subtilis, a surrogate of spores of Bacillus anthracis.

Interpolation between the resulting data reveals that 6.35x10° CFUs would survive a 30-sec exposure,
which represents 99.9937% kill or 4.61 logarithms (togs) of inactivation (of kill).

This level of inactivation overwhelmingly meets the definition of 'sanitization' as established by the

Environmental Protection Agency (EPA) and the Association of Official Analytical Chemists, which

requires that a non-food contact surface have a contamination reduction of 99.9%, which is
equivalent to 3 logs of Kill.

Test #3 - Latest Results (August 14, 2002)
Dean T. Tompkins, PhD, Professional Engineer, University of Wisconsin Madison
Terry A. Kurzynski, MS, Advanced Microbiologist, University of Wisconsin Madison

The AiroCide TiQ, device with a redesigned, catalyst-full reactor bed was tested for control of
bacterial spores.

The device was challenged using a commercial preparation of Bacillus thurengiensis. [NOTE: In lieu
of testing the virulent Bacillus anthracis (the anthrax spore), tests were conducted with a non-virulent
form of bacillus B. thurengiensis which is a spore-forming bacillus that is very similar to 8.
anthracis.]

71,750 spores were introduced into the AiroCide. The fan was found to contain 10,400 CFUs, or
14.49% of the original inoculum. The ante-chamber was (ound to contain 485 CFUs, or 0.676% of the
original inoculum. Therefore, a tota] of 60,865 spores entered the reactor zone. Of this inoculum, anly
5 CFUs exited the device and werce collected on the surface of the seven sets of blood agar plates over
the 70-min sampling period. The result was a 99.99998% kill rate or 6.2 log Kill in one pass.

Mold Spore Test - (June 12, 2002)
Certified Mold Inspector Michacel A. Bokenkamp of Houston, Texas

May 27, 2002 test at a condemned home in Austin, TX - abandoned due to high mold counts insidz.

Initial air samples contained 27 colonies of mold spores: Alternaria sp. (3 colonices), Penicillium sp.

(22 colonies), Sepedonium sp. (1 colony), and Nigrosporium sp. (1 colony). AiroCide was used to
turn (process) the air in this bathroom one time.

After one (1) turn the room's air air samples contained only 4 colonies of mold spores. These
were Penicillinm sp. (3 colonies), and Mucor sp. (1 colony).

Michael A. Bokenkamp, Certified Mold Inspector, stated that before the introduction of the AiroCide
unit, the bathroom would have been UNSAFE for human occupants. The inspector said that after one
air turn, the room was SAFE for human occupants. The drop from 27 colonies to 4 colonies with one
(1) turn of the air represents an 85% reduction of the mold spores at this test site.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Airocide Ti02 - Medical ultraviolet air purifier

K023830

KES Science and Technolecgy, Inc.
3625 Kennesaw N. Industrial Pky.
Kennesaw, GA 30144

John Hayman, Jr, President

I've gone cver the entire 510(k) for Airocide Ti0Z2Z and I was really
impressed. The company did an outstanding job of descriking the
device, the science behind the device, and did 4 different tests for
efficacy. The device not only inactivates the most difficult form of
bacillus, it can also eliminate contaminates by oxidizing them to
carbon dicexide and water.

Mr. Hayman's cover letter makes reference to all required
documentation. The intended use is to eliminate airborne pathogens and
organic compecunds. There are no claims for treatment of any diseases.
Independent laboratory tests were conducted by Dr. Dean Thompson of the
University of Wisconsin and details of those experiments showing that
this device eliminates 99.999982% of airborne Bacillus thuringienesis
on cne passage through the device (page 185). Removal of meld spores
was less successful, but still there was an 85% removal on one passage
(pages 190-191). They also showed that no significant levels of czone
or other wveclatile organic compounds (VOC) were produced (Tables 1 and
2, page 170}.

The truth and accurate statement is included on pages 207 and 208. The
supporting documentation is covered on pages 209-254. Labels are on
page 255, with an ETL accreditation label on page 256.

The predicate device is K980745, the Second Wind Air Purifier, that
uses the same technology of UV lamps and a catalyst of titanium
dioxide. I remember that device well, as I was the reviewer for it,
also.

All required documentation is present. It is ready to be declared %

substantial;xmgggégglent with no additional information needed. T

dei ™t think I ve ever feen such an expertly compiled 510(k). It should
be the model for all others to follow.

f@é/ Jki/éi@w//%4{ié’~é€;’?la’//

W. Howard Cyr, Ph.D.

Acting Branch Chief

Radiation Biclogy Branch

Divisicn of Life Sciences

Office of Science and Technology

Center for Devices and Radiological Health

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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DHHS/PHS/FDA/CDRH
DIVISION OF ANESTHESIOLOGY,
GENERAL HOSPITAL, INFECTION CONTROL

AND DENTAL DEVICES

9200 CORPORATE BOULEVARD
ROCKVILLE, MARYLAND 20850 HFZ-480

DATE: /2/es ' : I-Fm

FROM: ms . fels Yhavshat! RN, nSAL

TO: _mr dolin Heynas. N70-4ag- 0837

SUBJECT: _ keo23230

ADDITIONAL COMMENTS:

,lm Mrw I waa nel riore Admgﬁu ‘ fﬁ,, & P@je‘.
Jm Mﬂwmﬁ&ow q&{@j:g;ef(ga o Pleace fevieees *”,epn#l

LA

‘ éac,ff A«:{ -,C.A,c %Lk L{uur ’
NO. OF PAGES: > TR el
PHONE NO: 301-443-8879 FAX NO: 301-480-3002

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT

IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVLEGED,

CONFIDENTIAL AND PROTECTED FROM DISCLOSURE UNDER APPLICABLE LAW.

If you are not the addressee, or a person authorized to deliver the document to the

addressee, you are hereby notified that any review, disclosure, dissemination or

other action based on the content of the communication is not authorized. If you

have received this document in error, please immediately notify us by telephone and

return it to use at the above address by mail. Thank you. I (O
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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January 31, 2003

Food and Drug Administration

Center for Devices and Radiological Health
(HFZ-308)

Office of Compliance

Information Processing and Office Autornation Branch
0200 Corporate Boulevard

Rockville, MD 20850-4015

501 (k) Notification

Dear Sir/Madam,

AiroCide TiO, INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/or harmful molds and
volatile organic compounds present in rooms or enclosed areas: treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeiess shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, etc.

Please call or email me with any questions you may have.

Best regards,

John/Jd. Hayman, Jr.

KES Science & Technology, fnc
Chairman
KES Science & Technology, in<,

Phone: 770-427-6500
Email. chairmangbkesmisi.com

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

7



Records processed under FOIA Request #2016-968 Released by CDRH on 8/19/2016

Page_{ of |
510(k) Number (if known):__[Ce22 520

Device Name:_ /4120 ClD‘ Ti Oa

Indications For Use:

AiroCide TiO, INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/ar harmful molds and
volatile organic compounds present in rooms or enclosed areas: treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, etc. ¥

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CORH, Office of Device Evaluation (ODE)

(Optional Format 3-10-98)

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 ( 8
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Science &
T

echnology, Inc. FACSIMILE

3525 Kennesaw N, Industrial Pkwy. Kennesaw, GA 30144 « PHONE (800) 6274913 ¢ FAX (770) 425-0837 » www kesmist.com

Company: FDA Date: January 31, 2003

Attn: Ms. Feli Marshall From: John J, Hayman, Jr,
Page: 1 of 5

Ref: Your tel call January 31, 2003

Fax #: (301) 4B0-3002

Dear Ms, Marthall,

As you requested please find attached aur 501 (k} Notification letter revised per your instructions.

Best regards,

Johh J. Hay®an, Jr.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Food and Drug Administration

Center for Devices and Radictogical Health

(HFZ-308)

Office of Compliance

information Processing and Office Automation Branch

9200 Corperate Boulevard

Rockyille, MD 20850-4015

501(k) Notification

Dear SirfMadam,

We understand that if we (KES Science & Technology, Inc.) are to make claims that our Air

purifying system (“AiroCide TiO; “- for phota catalytic rernoval of airbome pathogens) is suitable

for many applications, including heiping to protect people in medical settings, then we are

required to complete the 510k process. We believe the AiroCide System will list as follows:

Device Purifier. Air, Ultraviolet, Medical

Product Code FRA

Device Class 2

510(k) exempt NO

Reguiation Number 880.6500
AiroCide TiQ; INTENDED USE: Potential applications include removing and
mineralizing airborne contaminations of pathogens and/or harmful molds and
volatile organic compounds present i1 rooms or enclosed areas: treatment
rooms, hospital wards, intensive care hospital wards, holding areas in jails,
operating rooms, homeless shelters, pediatric waiting areas, command and
control vehicles, embalming rooms in funeral homes, postal facilities, etc.
AiroCide CURRENT FIELD TESTING: In addition previously completed laboratory
testing, we will be testing an AiroCide unit at the Fuiton County, Georgia, Department of
Health, in their sputum collection room. We have units currently in place in Erie, PA at
the Hamol Medical Center in one of their operating reoms {to see if there is 3 reduction
of CFU’s during procedures). We have tested AiroCide in a mold-condemned residence,
with positive results (see attached.) We have a registration number from EPA,
HOW THE AiroCide UNIT WORKS:;
A} UVGI photons
B} Hydroxy! radicals

20

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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The unit pulls in air from the room and passes it through a reactor bed, which contains
UVG! (Ultra Violet Germicidal irradiation) plus Titanium Dioxide (TiOy), which is a
semiconductor photocatalyst. When the catalyst is imadiated with photons of less than
385 nm (the UVC light), the band gap energy is exceeded and an electron is promoted
from the valence band o the conduction band. This process generates Hytdroxyl
radicals. Hydroxyl radicals and super-oxide ions are highly reactive species that
oxidize volatile organic compounds (VOCs) adsorbed on the catalyst surface. They will
also kil and decompose adsorbed bicaerosols. The process is referred to as
heterogeneous photocatalysis or, more specifically, photocatalytic oxidation (PCO). in
our test the carbon atoms in the pathogens were radioisotope tagged. The Mydroxy!
radicals mineralized the organisms (reduced the urganics to nen organic forms such as
H.O and CO,). The CO, was found to contain the tagged Carbon (this also demonstrates
that the catalyst is self cleaning)

Organisms That AiroCide Removes, Kills and/or Mineralizes:

AiroCide has been praven to kill 99.99998 % of Racilus Thuringiensis spores in one pass
through its reactor. (Bacilus Thuringiensis is the most simiiar spore-forming bacterium to
Bacilus Anthracis on the phylogenic tree.) It scientifically follows that AiroCide will
easily kill weaker or similar spores as well as the vegetative states of most all bactena
found in the areas of proposed application of AiroCide (as noted above in the section of
this dovument “AiroCide INTENDED USE:")

To substantiate our above statement we note the following: According to Pennsylvania
State University (W.J. Kowalski, PhD), highly regarded in the US as an expert in hio-
terrorism “... To put this in perspective, this organism, in spore form, would require about
50 times the UV dose required to disinfect smallpox, tuberculosis, and Legionells. .. "

AiroCide System Description:

Ve believe there are many uses for our systemn as it currently is engineered {for reducihg
airborne pathogens). We have been working with the researchers at the University of Wisconsin
and with NASA (it is their fechnology) to quantify other potential prophylactic applications for our

system

SUBJECT: AiroCide TiQ,

Synopsis: AiroCide TiQO; utilizes two well-established scientific mechanisins lo kill bacteria,
moid, fungi, virus, spaores, and to break down volatite organic compounds (VOCs). The first
killing meachanism is 245 nm UVGI light. Fifty-two, 245 nm UVG] 8-watl lamps produce this light.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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These lamps produce bilions of UVGI photons. The second kiling mechanism is &
photocatalytic reaction with TiO,. This reaction occurs when photocatalytlc TiO-, coated rings are
placed around and excited by the UVGI lamps This photocatalytic reaction Frog‘.gces mﬂllor_;s of
hydroxyl radicals, which kilt and/er mineralize bacieria, etc. These twa sc@nhﬂc mechamsms
have been proven to be effective pathogen killers by the University of Wisconsin and other
University taboratories. in University of Wisconsin testing these two mechanisms demonstrated
a 99.99998 % effective kill rate of B. thuringiensis spores (the very robust brother of B. anthrax
spores). AiroCide TiO2 reduces the concentration of bacteria, mold, fungi, spores, etc. in the arr.
A mold test was conducted in an abandoned trailer in Austin, Texas on May 27, 2002 by
Michael A. Bokenkamp Certified Mold Inspector. The test results indicate an 85% reducfion in
mold spores with only one air turn with an AiroCide TiO, Unit.

Please find attached the following:
#1 FDA 2891 and a 2892 application for a new device dated October 29, 2002,

#7 A cover letter to the Tetra Tech EMI group that is evaluating systems for the EPA of Dr.
Dean Thompkins, PhD, PE University of Wisconsin Environmental Chemistry & Technology
Program dated May 3, 2002,

#3 A cover letter to the Tetra Tech EMI group that is evaluating systems for the EPA of Dr.
Dean Thompkins, PhD, PE University of Wisconsin Environmental Chemisiry & Technology
Program dated August 1, 2002.

#4 A cover letter with supporting laboratory test resylts to John J. Hayman, Jr. - President KES
Science & Technology, Inc. from Or. Dean Thompkins, PhD, PE University of Wisconsin
Environmental Chemistry & Technology Program dated September 20, 2002 reperting the
laboratory testing of AiroCide using gas chromatography/mass spectrometry (GC/MS) by the
University of Wisconsin Ocgcupational Health Labaratory indication that the AiroCide system
does NOT generate any ozone (Oz} gas nor any other harmiul bi-products.

#5 AproCide’s ETL listing of certified products,
#6 An AjroCide Device Description and Specification sheet.

#7 A letter and test results directed to John J, Hayman, Jr. - President KES Science &
Technology, Inc, from Dr, Dean Thompkins, PRD, PE University of wisconsin Enviconmental
Chemistry & Technology Program and Terry Kurzynski, MS Advanced Microbiclegist University
of Wisconsin dated August 14, 2002 reporting the laboratory testing of AiroCide reflecting
60 865 spores entered the reactor and ONLY 5 CFU’s were cultured. A 99.993982% kiil rate.

#8 A summary mema written by John J. Hayman, Jr. - President KES Science & Technology,
inc. regarding the attached mold test results gconducted in an abandoned trailer in Austin, Texas
on May 27, 2002 by Michael A. Bokenkamp Certified Mold Inspector. This test shows an 85%
reduction in mold spares with only one air turn with an AiroCide.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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#9 Pennsylvania State University Professor Dr. W. J. Kowalski PhD statemenits regarding that
“To put this in perspective, this organism, in spore form,” B. anthrax “would require about 50
times more UV dose required to disinfect smallpox, tuberculosis and Legionella.” Dated Anthrax
January 14, 2002 NewsRx.com & NewsRx net, From
hitp://www.obgyn.net/newsmx/general health-Anthrax-20020114-2.asp

#10 Publication from the National Renewable Energy |aboratory Mineralization of Bactena Cell
Mass on a Photocatalytic Surface in Air from Vo! 32 NO. 17 1988 / Environmental Science &
Technology showing that E. coli was mineralized by TiO2 to CO; and H;O.

#11 Overview of Photocatalysis Chemistry
#12 National Renewable Energy Laboratory - Chemistry for Bioenergy Systems Outlines what

science researchers have demonstrated regarding photeocatalytic reactions, From
http //www nrel.gov/chemistry bicenergy/chemistry htmi

#13 Summary intemet document of Dr. Michael Leung’s testing in a hosgpital operating room
.. For comparison, the same test was performed with the photocatalytic converer
disconnected. This showed filtration using only the HEPA filter reduced the bacterial ccunt by
just 5.4 per cent, Therefore, the immediate disinfection effect of the titanium dioxide filter led to
the destruction of 46.6 per cent of airbome bacteria in one pass of air through the air purifier. ...”
From hitp:/fwww Fhki arg. hk/Mhkids.htm

#14 Summary of test data of an AiroCide TiQ, conducted at the Hamot Medical Center Erie, PA
on September 24, 2002 before the AiraCide TiO, was turned on and October 15, 2002 when the
AiraCide TiO, was operating.

Please call or email me with any questions you may have.

Best regards,

Jolh J. Hayman, Jr.

KES Science & Technelogy, Inc
Chairman ‘
KES Science & Technology, Inc.

Phone: 770-427-8500
Email: chairmangkesmist.com

www kes-pro.com  PODF files about the testing and operation of the Airocide are
available at this site.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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SC !\I FNIING ( HECKRLIST
I: OR AI L PRFMARI\l T NOTIFICA” I ION ['310([{)] SUBMISSIONS

' -.-_.510(k) Nurnbcr Ke;,gg 20

' The cover letter clearly 1dent1ﬁes the type of 5 10(1{) subrmssmn as (Chc %k thc
_appropnatc box)

o '_ Spec1a1 510(k) . - Do Sections 1 and 2
0 Abbreviated 51b(1{) .. Do Sections I;3and 4 -
U/- T'raditional 510(k) or no idendfication provided - Do Sections 1.:m<-:{ 4

Scction 1: Required Elements for All Types of 510(k) submissions:

Present or 1 Missing or
_Adcquate Ill}(iiquate

| Cover letter, (onnmmg the elements fisted o pagg ¢ 32 of the
Premarket Notification [510)) Manual.
l’tbc ol Contents.
| Truthful and Accurate Stacement. -

"Device’s Trade Name, Device’s 25 Classification Name and

Establishment Registration Number,
‘Device Classificarion Regulation Number and Regulatory Status

{Class I, Clag§ 11, Class 111 or Unclassified).
Proposed [ a‘bel'mg including the material fisted o 1 pagc 3-4 of the
Prexnarkec_NQE{ELa_@i [i@LMamnl

Statement. of indications for Use that is on a separate page 1n the
premarket submissior. ‘

Substantial Equivalence Comparison, including companisons of
the new device with the predicate in areas that are listed on page

| 34 of the Premarket Notification [510)] Manual.
510(k) Summary or 510(k) Statement,
Description of the device {or modification of the dewce) including
“diagrams, gngmec:mg_drawmgé,_}zhot%_@ or service manuals.
Identification of legally nmi\cmd_prcdlcatc device.

(Dmplnnc(‘ with performance standards. * “[See Section 514 of

thc Aa and 21 C I { 807. B7L{)

noufl(, aLons w 1L!1 a dm_lcﬂ s_Lu_y g [Su, 21 ( 'R 8 807 87 (1)

SIO(]) I\r{ (Jui-zfu ation FFE

- May ot be applicable for Special 510(k)s.
- Required for Class T dL vices, only.
- See pages 3-12 and 3-13 1 the Premarket Noulicauon [510)] Manual and the
Converence RKis l,m rim Begulatory Guidance.
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 Zq
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wrihriesian;

Present

_ln’adcquzuc

Name and 510(1() number of the submlttcr s own, unmochﬁed
predicate deviee.

ot Miss_ing

A description of the modified: devlce and a companson to the
sponsor’s predicate device. :

A statement that the intended usc(s) and md.tcatlons ofthe =
modified device, as described in its labeling are the same as the
intended uses and indications for the ubrmtter $ unmochﬁed
prcdlcate device. :

Reviewer’s confirmation that. the modification’ has not altcred the -
fundamental scientfic tcchnology of the submittet’s predicate
dcv1cc

A De sion C ontrol \Cll\’ltl(‘w Sumnnm - that 1nc1udcs the follnwmy

dcm(n ts (2 ()

Tdentification of Risk 1\{111 sls muhodks) ased 10 assess the
unpnct of the modification on the device and its components, and

the results of the Aﬂdi\'\l\,

Hh. 13 wed on the ]xlsl\ Ans ll\“l\ an 2 sdentif fcation of the 1e qumd

verification and validation activigies, imcluding the methods or

Lests use d And thc acceplance cr cmmm to bc ¢ applic lied.

A Declaration ol C onforminy with de s ((mll()ls that includes

thc following statements:

A statement that, as I(q\lli( ed b\ the risk ‘mAl\ 518, Lall
verification and validation activities were performed by the
designared individual(s) and the results of the acavities
demonstrated that the predetermined acceptance criteria were

met. This statement 1s signed by the individual responsible

({)1 [h()‘w( m[llCU] I A(.U'\ 1[1(‘;

A statement that the m,uqucmmw facility 1s in umfmmamc
with the design control pmccduu, rCqQuITeIMents as spectfied
in 21 CIFR 820.30 and the records are available for review.
This statement 1s signed by the individual responsible for

those pa rticular activites.

Section 3: Required Elements for an ABBREVIATED 510(k)* submission:

For a submission, which relies on a guidance document and/or

spectal control{s). a summary report that descnbes how the
guatdance and/or spectal control(s) was used to address the risks
associued with the partcular device npe. (If a manufacturer
clects to use an alternate approach 1o address a parucular risk,
sufficient detail should be provided o jusufy that approachy =

For a submission, which relies on a recognized standard, a

declaraton of confornuy [For a histing of the requiced elements

of 5 decluaation of confornuny, SEE Required Elenents for a

Declaration of Conformity to a Recognized Standard, which

Pregent

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

Inadequate
or Missing

-orMissiog

o
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l or asubnussion, which refies on e uuwm/ui sl md ad without a
declaration of: confommy, a statement that the manufacturer -

'intends to conform 10 a recognized standard and-that suppomng

data will be available before marketin the device.

Tor a submission, which relies on a non-recognized standard that
has been historically accepted by FDA, a statement that the -}
‘manufacturer intends to conformto'a recognized standard and

“that supporting data will be available before marketing the device,
For a submission, which relies on 2 non-recognizéd standard that -
has not been historically accepted by FDA; a statement that the

| manufacturer intends to conform to 2 recognized standard and
{ that supporting data will be available before marketing the device .

and any additional information requested by the reviewer n order

1o determine substantial cqu;valemc

Any additional information, which 1s not covered by the guidance |
document, special control, recognized standard and/or non- |
1u,ogjmzcd standard, in order to determine substanti al J

| equivalence.

- When completing the review of an abbreviated 510(k), please fill out an
Abbreviated Standards Data Form (located on the I'1 drive) and list alf the guidance
documents, special controls, recognized standards and/or non-recognized
standards, which were noted by the sponsor.

Section 4: Additional Requirements for ABBREVIATED and TRADITIONAL
510(k) submissions (1f Applicable):

Present Inadequate
=5 ot b1 orMissing |
4) Biocompatibitity data for all patient-contacting materials, OR | .

certification of 1dentical material/formulaton:

b) Stenlization and expiratio dating informauon:

__ 1) stenlizanon process
MWM@W&'

e — - ——

‘x_u)ﬂdmuomdm;_ . T
vit) A raditional Method or or Non-Toditond Method

[ ) Software Documentation:

Jtems with checks in the “Present or Adequate” colimn do not require ¢ additional
information from the sponsor. ltems with checks in the “ Missing or Inadequate™
coliomn must be submitted before substantive review of the docunient.

Passed Screening Vs ~ No

Reviewer: i 1A%

Concurrence by Review Brs

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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[ pate: .,

- The deﬁcxencmes ldenuﬁed above represent the 1ssues that we beheve need 1o be re_.olvcd
before our réviewof your 510(k) ‘submission can be successfully completed In dcve[opmg
the deficiendies, we carefully considered the statutory critetia as’ defined in Section 513 () of
thé Federal Food, Drug, and Cosmetic Act for determiriing substantial eqmvalenoe of your
device. We also considered the burden that may be incurred in your attempt to respond to
~ thé deficiencies. We beheve that we have considered the least burden,some approach to
resolving theseissues. If, however, you believe that information is being requcsted thatis
not relevant to the regulatory decision or that there is a less burdensome way to resolve the
issucs, you should follow the procedurcs outlined in the “A Suggested Approach to
Rcsolx ing Least Burdensome Issues” document. It 1s available on our Center web page at
lmp://\\'\a’\.‘c.fdA.gov/cd:'h/modnu/Iu.mlmrdm150111(?.1111111

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118 1 7





