Antimicrobial coated ventilation filters
for the control of Legionella bacteria
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Legion bug in West End
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Background AR

American Legion Convention 1976 pmg

Philadelphia, Belle Vue-Stratford
hotel

182 cases with 29 deaths
Discovered by Dr Joseph McDade
Bacteria common in water and soll

L
er protec
ionnaires’ disease in Philadelphia. As news spread of
29 dead and nearly 200 taken ill, reporters named the
disease after stricken Legion members. w
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What is Legionella?

e A naturally occurring bacterium
e Found in most water systems
e Often present in mains water

e Easily colonises most domestic
water systems — hot and cold

L. pneumophila is a Gram negative, non-encapsulated,
aerobic bacillus with a single, polar flagellum. The organism is
approximately 2 ym in length and 0.3-0.9 ym in width, but In
nutrient-deficient media, it may become long and filamentous.

oL Uy,
\ /
S Lo

=
L,

O,

¥

-

®
@(5 ..Sabanc1 .
*Tas Universitesi



Requirements for Growth?

e Optimum temperature range of
20 - 45 °C

e Food source (other bacteria &
sediments)

e Prefers stagnant conditions

S P
S, N
@ -
o@n‘l ..Sabanc1 .
¥ £ : ;
* 7253 % Universitesi



oL Uy,
O 4

Typical Systems at Risk

e Cooling Towers

e Domestic hot & cold water systems

e Water features incl. ornamental fountains

e Equipment producing aerosols, mists or droplets
from stored water sources including showers &
humidifiers

e Equipment holding / circulating water at 20 — 45°C
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® Misting equipment
® Dentistry tools,

® Mobile AC equipment with water
® Oil / water emulsions for lubricating lathes
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Infection and
symptoms
Inhalation of Bacteria, size is
important
Incubation Period 2-10 Days

Can be diagnosed but difficult to

— severe pneumonia: dry cough,
diarrhoea, vomiting, breathing
difficulty, high fever, chills,

— headache, some become confused
or delirious

Fatality rate is about 12%

Can be treated effectively with
antibiotics

Susceptibility of

Individuals

Increasing age,
especially over 45

Men, Smokers,
alcoholics

Chronic respiratory
or kidney disease

 Diabetics, cancer

sufferers
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Alkyl Alkoxysilane Quarternary Ammonium Salt utilizes a sol gel chemistry, to 7
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adhere on surface, and carry a positive charge which creates an ,
"electromagnetic” attraction between the negative charged microorganisms. * 1453 *
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Antimic Characterizatiion (N3 Si2-NMR and TGA)
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Determination of Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC)

« A- ASTM E645 - 13 (Standard Practice for Evaluation of Microbicides
Used in Cooling Water Systems) Test Method

50 and 40 ppm Antimic provide > 99.999 % kill Legionella pneumophila ATCC
33152 at zero contact time.

30 and 20 ppm Antimic provide > 99.999 % kill Legionella pneumophila ATCC

33152 at 1 hour contact time.
10 ppm > 99.999 % kill Legionella pneumophila ATCC 33152 at 3 hours
contact time

« B-BS EN 13623:2010 Test Method

According to EN 13623 (2008), when Antimic®, diluted at 50, 40, 30, 20 and
10 mg/l in both hard water and sterile tap water, possesses bactericidal

activity against the referenced strain of Legionella pneumophila, serogroup 1,
ATCC 33152.




v" Highly effective against pathogenic + Has a permanent antimicrobial

bacteria, effect,

v Virucidal and fungicidal,  Helps reduce transfer of bacteria

v |s effective with Gram(+)/Gram(-)  * Inhibits the growth of bacteria on
bacteria, fungi, molds and mildew, and in surfaces

v" Offers greater protection against * Stops microbial formation of odours
infections, in surfaces,

v" Rapid absorbency, high absorbent « Eliminates fungi that cause foot
capacity, fungus and mildew.

v" Hemostatic effect, » Eliminates bacteria that cause food/

v Launderable, body odors,
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Antimic®, Non Toxic and Biodegradable

Docket Numbers EPA-HQ-OPP-2013-0095; EPA-HQ-OPP-2013-0096; EPA-HQ-OPP-2013 -
0085
www.regulations.gov

Appendix A Toxicology Profile

Acute Toxicity for Product Labeling

As listed in Table 9, acute toxicity data for a 50% formulation of 3-(trimethoxysilyl) propyl
dimethyl octadecyl ammonium chloride show low acute toxicity for single exposures by the oral,

Trimethoxysilyl Quaternary dermal, and inhalation routes (Categories IV, III, and IV respectively). However, severe acute

Ammonium Chloride Preliminary Work Plan toxicity is observed with respect to skin and eye irritation of this active ingredient.
Registration Review: Initial Docket Table 9 - Acute Toxicity Studies for Trimethoxysilyl QACs
Case Numbers 3148, 5100, 5113
Guideline No./ Study MRID No.  [Results Toxicity
Type : Category
March 2013 8?3.11_ g)o 40385201 Oral LD > 5000 mglke v
Toxicity Class I-most toxic Yy 085201 Dermal LDyy >2000 mgkg I
Class | materials are estimated to be fatal to :
870.1300 Not Inhalation LCsp > 2.0 mg/L IV
an adult human at a dose of less than 5 (81-3) Available (1 Hour)
gram.s (IGSS than a teasp OOH) ’ . 822121?0 403385201 Severe irritant to ocular tissue |
Toxicity Class ll-moderately toxic .
. . t .. .
Class Il materials are estimated to be fatal to Szgfggo Availible Severe iritant to skin I
an adult human at a dose of 5 to 30 grams. 8703250 | 41339403 | Dermal and Systemic NOAEL > 1000 mg/kg/day | Acceptable
Toxicity Class lll-slightly toxic 8703100 |46280411 NOAEL > 240 mg/kg/day (HDT) Acceptable
Class Il materials are estimated to be fatal 8703700 | 41438003 | Matemaland De"g;igi’:;‘ NOAEL 21000 | certable
to an adult human at some dose in excess of 8705100 | 46280412 No evidence of mutagenicity Acceptable
30 grams. 870.5300 46280413 No evidence of mutagenicity Acceptable
Toxicity Class IV_ractica” nontoxic 870.5375 46280414 No association with the inductior} of structural ,,Acceptable
. ) . chromosomal aberration 12
no Slgnal Word reqwred since 2002 41296803 | No evidence of compound inducted cytotoxicity | Acceptable




Atmospheric Air filters

MPS COARSE FILTERS

- POCKET FILTERS WITH 100% POLYESTER MEDIA

- HIGH DUST LOADING CAPACITY

- AVAILABLE IN GALVANIZED AND PLASTIC FRAME

EFFICIENCY: G3-G4

MMP FILTERS

- DISPOSABLE MINI PLEATED FILTERS

WITH WATER RESISTANT CARDBOARD FRAME

- HIGH EFFICENCY LOW RESISTANT

- MICROGLASS FIBER MEDIA
EFFICIENCY: M5-F9
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Test Fractional Efficiency y L.l Test Fractional Efficiency Y Lo
Filter Sample AT, GAS & LIOUID PURIFICATION Filter Sample AR, GAS & LIQUID PURIFICATION
Title: Pocket filter sample Sample-No.: 00 00 06 98 Title: Pocket filter sample Sample-No.: 00 00 06 98
Manufacturer: Test-No.: 00 00 49 92 Manufacturer: Test-No.: 00 00 49 94
Part-No: Serial-No: S-698 Part-No: Serial-No: S-698
Face Area: 0.0000m?* Filter Area: 0.0000m?* Face Area: 0.0000m? Filter Area: 0.0000m?
Flowrate: 2250.0m%h Status: Flowrate: 2250.0m%h Status:
Comment: Comment:
Test . Test
Filename Antimic Hegza 1 pocket star Operator op Filename Antimic Hegza 1 pocket fina Operator op
Date: 18/06/15 Temperature: 22.9°C +/-0.0°C Date: 18/06/15 Temperature: 23.2°C +/-0.0°C
Time: 11:55:10 Humidity: 56.6% +/-0.1% Time: 12:34:26 Humidity: 56.1% +/- 0.2%
Atm. Pressure: 917.0hPa +/- 0.0hPa Atm. Pressure: 916.6hPa +/- 0.0hPa
Flowrate: 2249.81m%h Flowrate: 2250.32m%h
Dust: DEHS Dust: DEHS
Concentration: 1.0mg/m? Concentration: 1.0mg/m?*
Tare Pressure: Tare Pressure:
Time Duration dP1 dP2 WG Time Duration dP1 dP2 WG
[hh:mm:ss] [hh:mm:ss] [Pa] [Pa] [%] [hh:mm:ss] [hh:mm:ss] [Pa] [Pa] [%]
11:55:10 AM 00:03:02 95 96 91.1 12:34:26 PM 00:03:02 94 94 78.8
100
p
o o 98 /
/ N r
97 / /
o //
f /
= MPS COARSE FILTERS
& / - POCKET FILTERS WITH 100% POLYESTER MEDIA
o
5, - HIGH DUST LOADING CAPACITY
b / - AVAILABLE IN GALVANIZED AND PLASTIC FRAME /
/ EFFICIENCY: G3-G4 #
87
j ‘/
85 & r P H /
05 1 0.2 0.5 1 2 5 10
Particle Size [um] Particle Size [um]
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Test Fractional Efficiency

n%%{ Test Fractional Efficiency
w J/ J |

MIKROPOR
Filter Samp|e AIR, GAS & LIQUID PURIFICATION .

. . AR, GAS & LIQUID PURIFICATION
Title: V Filter Sample Sample-No.: 0000 10 38 ;‘J;‘_” V Fiter Sample g:::ﬂﬁuo _ 00,00 10 3
Manufacturer: Mikropor (Material Control) Test-No.: 0000 49 88 Manufacturer: Mikropor (Material Control) Test-No.. 00 00 49 90
PartNo: MyFo-03 SerialNo: | S 1038 Part-No: MV-F9-03 Serial-No: 5-1038
Face Area: 0.3500m Filter Area: 18.0000m Face Area: 0.3500m? Filter Area: 18.0000m2
Flowrate: 4250.0m%h Status: Fiace t’?a- 4250 0m3/h Slt ?r wrea: . m

Comment: owrate: -om C:n:Jrz'ent'
Test Test
Filename Antimic Hegza 1start.tfg Operator op Filename Antimic Hegza 1V final 15dk Operator op
Date: 18/06/15 Temperature: 21.7°C +/- 0.0°C Date: 18/06/15 Temperature: 22.7°C +/- 0.0°C
Time: 10:56:25 Humidity: 60.0% +/- 0.3% Time: 11:38:21 Humidity: 57.6% +/- 0.1%
Atm. Pressure: 917.5hPa +/- 0.0hPa ’ o Atm. Pressure: 917.1hPa +/- 0.0hPa
Flowrate: 4251.78m%h . 3
oo i Fowale 20
Concentration: 1.0mg/m? Conéentration' 1.0mg/m?
Tare Pressure: Tare Pressure.: ’

VD DT o el e Time Duration aP1 P2 WG

[hh:mm:ss] [hh:mm:ss] [Pa] [Pa] [%] [hh:mm:ss] [hh:mm:ss] [Pa] [Pa] [%]

10:56:25 AM 00:08:02 159 159 83.0 11:38:21 AM 00:03:02 156 156 83.1

100 100
99 / 99 P
/ - //
93 / 93
90 / 920 /
IS S

g 87 / = 8 /

2
é f MMP FILTERS
W g - DISPOSABLE MINI PLEATED FILTERS

/ WITH WATER RESISTANT CARDBOARD FRAME
/ - HIGH EFFICENCY LOW RESISTANT /
81 - MICROGLASS FIBER MEDIA
EFFICIENCY: M5-F9 /
78 ' | /
/ | /
/ /!
75 / /
|
72k = 05 > 0.2 05 1 2 5 10

1
Particle Size [um] Particle Size [um]

is GmbH
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Test Fractional Efficiency N~ Test Fractional Efficiency MIKROPOR
Filter Sample IR, GAS & LIQUID PURIFICATION Filter Sample IR, GAS & LIQUID PURIFICATION
Title: Hepa Filter Sample Sample-No.: 00 00 06 85 Title: Hepa Filter Sample Sample-No.: 00 00 06 85
Manufacturer: Mikropor Test-No.: 00 00 49 89 Manufacturer: Mikropor Test-No.: 00 00 49 93
Part-No: Serial-No: S-685 Part-No: Serial-No: S-685
Face Area: 0.0000m? Filter Area: 0.0000m? Face Area: 0.0000m? Filter Area: 0.0000m?
Flowrate: 1100.0m%¥h Status: Flowrate: 1100.0m%h Status:
Comment: Comment:
Test Test
Filename Antimic Hegza 1 Hepa start. Operator op Filename Antimic Hegza 1 Hepa final.t Operator op
Date: 18/06/15 Temperature: 22.5°C +/- 0.0°C Date: 18/06/15 Temperature: 23.0°C +/-0.0°C
Time: 11:23:13 Humidity: 57.6% +/-0.1% Time: 12:11:22 Humidity: 55.9% +/-0.1%
Atm. Pressure: 917.2hPa +/- 0.0hPa Atm. Pressure: 916.8hPa +/- 0.0hPa
Flowrate: 603.23m%h Flowrate: 604.14m?/h
Dust: DEHS Dust: DEHS
Concentration: 1.0mg/m? Concentration: 1.0mg/m?*
Tare Pressure: Tare Pressure:
Time Duration dP1 dP2 WG Time Duration dP1 dP2 e
[hh:mm:ss] [hh:mm:ss] [Pa] [Pa] %] [hh:mm:ss] [hh:mm:ss] [Pa] [Pa] [%]
11:23:13 AM 00:03:02 133 132 100.0 12:11:22 PM 00:03:02 133 131 100.0
99.998 99.995
»
99.997 ? Al 99.904
I / N\ e
I s
99.996 I \ / 99.994 /
99.995 I V 99.993 / \\ /
99.992 /
99.994 / /
5 | S / N
99.993
2 | HFM/HFN FILTERS 4 \ N\
= - FINAL FILTERS IN CLEANROOMS, OPERATING THEATRES, / \ /
49,993 A LAMINAR FLOW UNITS etc.
r \ | - HALF ROUND, FLAT OR U-PROFILE GASKET OPTIONS / \ /
/ | - HFM: 25 mm DEPT PLEAT PACK, HFN: 50 mm DEPT PLEAT PACK |/ \ /
99.992 - AVAILABLE IN MDF AND ALUMINUM FRAME P \/
/ EFFICIENCY: E10 - U15 \
99.991 ./
99.99

0.5

99.989
1

1
0.5 Particle Size [pum]

1
Particle Size [um]
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k TEST SONUC RAPORU
DOKUMAN NO YURURLUK TARIHI | SAYFA NO [ REVIZYON NO
FR-8.2.4-06 02.01.2003 [ 7 [ 00
TEST EDILEN URUN FILTRE NUMUNELERI
MUSTERI/TEDARIKCI Yusuf Menceloglu (Sabanci Universitesi)
TEST TARiH{ 18.06.2015
TEST SIRA NO 15-51
TEST EDEN Ali ALTUNBAS
TEST SONUCLARI:

Numune gelen Antimic Hegza 1 kodlu (Bakteri, Viriis, Kiif ve Mantarlara karsi koruyucu)
spreyin filtre materyalleri lizerindeki verim ve fark basing etkilesim testleri yapildi.

Test sonuglari tablodaki gibidir.

e T e EN 1822

(m3/h) 0,4Mic. Fark sonrasi sonrasi
Filtre Verimi (%) | Basinci (pa) 0,4Mic. Fark
Verimi (%) | Basinci (pa)
MV-F9-03-18m2
V-F9-03-18m. 4250 798 159 80,2 156
HFN-610/610/70-14GD
600 1 132 t 132

MPS-8-8-600-03G

2250 89,7 o5 75.8 94

Test sonuglarina gére cam elyaf filtrelerin (V ,Hepa) verim ve fark basing degerlerinde
uygulama sonrasi degisiklik goriilmemistir.

Ancak sentetik esasli filtrenin (pocket) fark basincinda uygulama sonrasi degisiklik
goriilmezken, verim degerinde diisme goriilmiistiir.

Testlerle ilgili grafikler eklerdedir.

HAZIRLAYAN ONAY

Ali ALTUNBAS M
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Antibacterial Activity of Air Filters
Tested with Modified Techniques

« AATCC Test Method 147-2004

— Antibacterial Activity Assesment of Textile Materials: Parallel
Streak Methods

 |.S. ENISO 20645:2005

— Textile Fabrics-Determination of Antibacterial Activity-Agar
Difusion Plate Test

« AATCC Test Method 100-2004

— Antibacterial Finishes on Textile Materials:Assesment of

* Fluorescence Staining (DAPI/CTC)
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AATCC Test Method 147-2004, Antibacterial Activity S
Assesment of Textile Materials: Parallel Streak Methods!

e

<O IS74
SS.L!S‘X)

/

¥ 1453¥

Control

Sample T/ mm D/mm T-D/ mm (T-D/2) mm Average W/mm  Growth Under

Sample
42 25 17 8,5
47 25 22 11,0
1 48 25 23 11,5 LY None
49 25 24 12.0
50 25 25 12,5
45 25 20 10,0
47 25 22 11,0
2 47 25 22 11,0 12,30 None
55 25 30 15,0
56 25 31 15,5
41 25 16 8,0
41 25 16 8,0
3 45 25 20 10,0 9,20 None . Sabzanci
w1 & 20 10,0 Universitesi

45 25 20 10,0



.S. EN ISO 20645:2005,Textile Fabrics-Determination o g&sa%
Antibacterial Activity-Agar Difusion Plate Test

L4
Control -

7
o3

g

-~

m
&

Sample D/mm d/mm D-d/mm (D-d/2)=H Growth Under
mm Sample
1 31,75 25 6,7 3,37 None
2 30,50 25 5,5 2,75 None
3 32.00 25 7,0 3,50

None . SelomyieEl |

Universitesi



Sample

Control

Bacterial

% reduction of Legionella pneumophila

Kill Rate

number %

Polyester (0. hour contact with L. pneumophila) 4.75x10° 5.33x104 88.76

4.75x10° <100
4.75x10° <100

Polyester (1 hour contact with L. pneumophila) > 99.978

Polyester (24 hour contact with L. pneumophila) > 99.978

Glass fiber (0. hour contact with L. pneumophila) 5.25x10° 6.85x104 86.94
Glass fiber (1 hour contact with L. pneumophila) 5.25x10° <100 >99.98
Glass fiber (24 hour contact with L. pneumophila) 5.25x10° <100 >99.98

' ..Sabana1 .
550> Universitesi



Fluorescence Staining (DAPI/CTC)

Control LR Antimic Treated Filter

97,54% viable 1,88% viable
2,46% dead 98,12% dead

. Sabanc1 .
Kirmizi sinyaller canli, mavi sinyaller olii bakterileri gostermektedir | Universitesi




No pressure drop and effective air filtration

Permanently bonds to the filter fibers to form a new
durable antimicrobial surface.

Non-migrating. It will not leach, off-gas or volatize.

Long-term, effective control of microorganisms which are
commonly associated with building health problems.

Controls the growth of microorganisms on the air filter

surface and has been shown in laboratory testing to lower
microbial contamination in recirculated air.

Does not exhibit significant loss of activity over the normal
lifecycle of the filter.
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