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1980}, Although ozone has been used as an anti-fungal fumigant applied to stored cereal crops (Allener — | -

~ sterilants, or their equivalents, will be considered: Ozone (American Air Liquide - proprietary on-site 1] __I_

| References 1 ]

[ | | | Contaminated with Bacillus Spores (2007). T (s

| | |
NCFPD Owverall Project Plan

~ Abstract/Executive Summary: The proposed continuation of this project aims to optimize the cleaning
————— process by comparison of existing methods with different cleaning agents (product and process specific)
in conjunction with high-power ultrasound, to further facilitate removal of food residues to improve
sanitizer/sterilant efficiency. Further steps will be taken to scale-up the application of the S
vaporized/gaseous sterilants (vaporized hydrogen peroxide, ozone, chlorine dioxide and formaldehyde) to
eliminate remaining spores in food residues attached to processing surfaces after cleaning treatments. |
Optimization of this potential non-invasive cleaning-sanitizing strategy for removal and
inactivation of B. anthracis {Sterne strain) could provide a less destructive alternative for decontamination | | |
of food processing equipment in the event of a biological threat in food processing facilities. This !
application could potentially save both time for remediation and offset the potential financial impact ' _| |
caused by the loss of critical capital items. | | .

Primary Goal: To validate the effects of various cleaning and liquid/gaseous sanitizing protocols for |
decontamination of food processing equipment and facilities with spores of several potential surrogate 3 ==
Bacillus species including B. anthracis Sterne strains. | |

Objectives: To compare the effects of various vaporized and gaseous sterilants to sanitize cleaned
surfaces in scaled-up, simulated but near-real world situations. L 1

Introduction and Highlights: In a previous NCFPD-funded project, we investigated: (1) the formation ' |
of “biofilms” consisting of Bacillus spores (B. cereus ATCC 21281 and B. thuringiensis ATCC 33680) - e
embedded in complex food matrices on different food contact surfaces and the ability of cleaning |
regimens to remove spores in food (Xie ef al., 2007); and (2) the effects of liquid and gaseous/vaporized
sanitizers {or sterilants) to inactivate spores on clean and non-clean surfaces (Oh et af., 2007). T T e
Sanitizing technologies to be included in this phase of the study include: vaporized hydrogen _|_

peroxide (Heckert et al., 1997; Rogers ef al., 2003), ozone (Kim e/ al., 1999; Aydogan and Gurol, 2006), |
chlorine dioxide (Kreske et ., 2006b; Ryu and Beuchat, 2003), and paraformaldehyde (Ackland et al., =

al., 2003: Wu ef al., 2006), its use for facility fumigation has been rarely reported. Pan et al. (1992)
reported that application of 600ppm ozone for 6 hours might be effective for routine sterilization of cages. |
bedding, clothing, and other materials in laboratory animal facilities. Khadre and Yousef (2001)
compared the sporicidal actions of hydrogen peroxide and ozone, and found the former to be less =
effective against Bacillus spores even at 10,000x higher concentration. /

]
Sanitizer challenge e 18
All gaseous sterilants will be prepared and applied to simulated food contact surfaces according to

manufacturer’s instructions. Various concentrations and contact/application times will be assessed to
determine appropriate end points and limits for detection (as described below). The following gaseous = =

generation)

| Peter J. Slade, Ph.D. Year 4 Project Proposal for: Validation of Methods for ' I
Decontamination of Food Processing Equipment and Facilities Deliberately TR

Funding: National Center for Food Safety and Protection (NCI'PD)
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Project Description

1 In2001 a terrorist attack of distributing anthrax through the mail brought attention to the country

|| that the use of spores as a weapon was feasible and the realization that steps have not been added

| in response to these possibilities. The food industry as a result began taking great strides in order

to put methods in place that would allow for fast and easy response if any of these attacks were
" to ever affect their facilities. Anthrax which is the bacterial spore Bacillus anthracis can cause
| | serious harm and even be deadly upon exposure. In case of any attacks within the food industry
- | _I_ it is important to be prepared with steps such as a cleaning and sanitization process to quickly
| and efficiently eliminate the anthrax from any surfaces that it may come in contact with the
| to simulate the contact surfaces, coupons made of stainless steel 316, glazed tile,
Teflon, polypropylene, and rubber will be used as representatives of food contact surfaces. Due

to Bacillus anthracts " extremely virulent nature, surrogate strains will be used in this study that

— spores. In order

may be similar to Bacillus anthracis. These strains are Bacillus cereus ATCC 21281, Bacillus
thuringiencis ATCC 33680 , and Bacillus anthracis (Steme strain). Food matrices that wil

— used are pancake mix, peanut butter, infant formula, vegetable oil, and a sucrose solution.

" The use of ozone as a sanitizer for inactivation of Bacillus spores has been explored using
different surfaces, but few studies have explored how it affects spores embedded in different

1 be <
>
5\""

_ food matrices. This is important because in most real world applications food matrices come in
| contact with many of the surfaces in the facilities and have

| the potential to become hardened and

| difficult to remove. Therefore a determination of the parameters, such as the contact time and
ozone concentration required to inactivate the spores embedded in the food are very important in ——
~ ganitizing. In order to determine this, an ozone delivery system must be designed to safely

__ deliver and destroy the ozone.

" Due to ozone’s instability and potential deadly affect if inhaled at a high dosage, it is important
" to construct a process to safely deliver and destroy the ozone. A system must be built for

B _ controlled delivery and destruction of the ozone to the spores inoculated on the coupons.
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| | | Title: Author: |
~{—,—, — Optimizing Ozone Gas Treatment on spores: Varying  Kerri C. Cooper
' __![ | concentrations and contact times ]
T 7| Document No.: MC-QA-105-SOP114-V01 Effective Date:
b1 _ March 2009 | A -
[T
i_ | 1.0 Purpose:

- To determine the most effective concentrations in the most efficient time that will
sanitize stainless steel coupons spotted with Bacillus spores.

2.0 Responsibility
. The scientific personnel that carries out the experiment,

—————— 3.0 Hazards and Safety Considerations

*  Operator must follow all safety instructions for the Ozone Delivery System -'L
* Spores of Bacillus anthracis (stern) strain were used

; — 4.0 Equipment and Supplies
. O I I * Sterile Conical tubes containing 10 glass beads (diameter 2mm) N
Sterile forceps |

Sterile de-ionized water (dH,0) ——

Tryptic soy agar (TSA) : ‘

Buffered Peptone Water (BPW) (9mL/tube and 10mL/tube)

Shaking water bath (Thermo Haake/SWB25) B

1S I N I Incubator (Imperial I11) os I
| Bacillus anthracis (steme strain) suspension (solved in 50% ethanol) :

* 10 mm coupons (stainless steel 316)

¢ 1 N NaOH Solution

* Sanitizer (8% calculated ozone gas)

Bio-safety cabinet (BSC)

*  Ozone Delivery System =

NEERE

i | 5.0 Operational Procedures

* ——1— 5.1 Preparation of coupons:

O 5.1.1 Place stainless steel coupons in a sterile petri dish -
| _ 5.1.2  Load the coupons with 0.1mL of Spores —

i ‘ 3.1.3  Place the coupons in the refrigerator to dry for dhrs

5.2 Analysis of Control Coupons

|
J | __|___ 5.2.1  Place each coupon in a conical tube filled with 10 sterilized glass
| beads and 10mL of BPW
1 522 Vortex the sample for 1min

— | : — 5.2.3  Heat shock the conical tubes in a water bath at 80°C for 20min
| - | 5.2.4  Remove conical tubes from water bath and place them in ice i
- H>O for 2min

1 ' 5.2.5  Conduct microbiology analysis and plate on TSA
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526 Incubate for 24hrs at 32°C

MOFFETT CENTER Page 2 of 3

Title:

Ozone Gas Treatment at Various concentrations and contact
times on Bacillus anthracs (stern) strains inoculated on

Author: ‘ |
Kerri C. Cooper }

stainless steel 316 coupons

- | Document No.:

Effective Date:
March 5, 2000

5.3 Day 1: Analysis for Ozone Treated Coupons

5.3.1 Place the coupons in the Anaerobic Reaction Tank |
53.1 Be sure to follow the flushing Anaerobic Reaction tank guidelines AL
in SOP: MC-SA-105-SOP001-V01
5.3.2 Remove coupons after the predetermined contact time
5.3.3 Place coupons in 10mL of BPW with 10 sterilized glass beads e
5.3.4 Vortex for lmin | =
53.5 Heat shock samples in water bath at 80°C for 20min '
53.6 Remove [rom water bath and place in ice H>O for 2Zmin |
5.3.7 Conduct microbiological analysis and plate on TSA o
5.3.8 Incubate plates for 18-24hrs at 32°C -
5.4 Day 2
5.4.1 Rerove plates from incubator
542 Count colonies
5.4.3 Record data in lab notebook
6.0 References and Supporting Documents 3
Buranov, S.N., V.I. Karelin, V.D. Selemir, O.N. Vorobieva, A.S. Tsareva, V.V.

1.

Shkarin. “Sterilizing Effect of Ozone on Live Spores of Anthrax Bacillus.” Pulsed |
Power Conference, 2005 IEEE. June. 1416-1417. |

2. Cooper, Kerri. Ozone Delivery System P&ID (Draft 11). December 2008. ‘—|—
3. Oxygen Material Safety Data Sheet (MSDS). Bl
_ 4. Ozone Material Safety Data Sheet (MSDS). — 1
i =T <http://www.ozoneapplications.com/info/ozone msds.htm=.
| 5. Ozone Safe Working Practices. Work SafeBC. ‘A
<http:/iwww. worksafebe.com/publicationsfhealth_and safety/by topic/assets/pdt/ |_'
ozone bk47.pdf=. ——==
6. Rice, R.G. “Ozone and Anthrax-Knowns and Unknowns.” (Ozone Science & IR
, Engineering. 2002, 24: 151-158
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IR 2] [ opuakinl gt o) [ b d o Juseborlmdi by | | 1
Initial Sodium [Final Sodium Molar
SEBRION | e in) | Thicsulkate | Thiosulfate | moiilly | melk | mol 0, | Volume | VolUme | o o
Rate {L/min) 0,
Volume (ml} | Volume (ml) 0,
2.0 0.43 49.9 41.6 1.38E-03 | 4.15E-04 | 4.15E-04 | 163 | 6.76E-02 | 7.80
S| I e O I
! =L | et 7] R, | |
) | Pow Deda rRund | | | | | | | {3
| Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain wnth a 80min exposure time i
Coupon Type: stainless steel 3156
i Ozone Concentration: 8% (calculated) Tede: 5] )05 -
B Contact Times: 80min il
I =Samples 2 3 4 5 6 7 8 9 ¥
Contral 2 2 =
R L (@] L]
A 94 ¥ 0 &
— g4 s O (6] ¥
) B k| [4 2 O 2
107 1] | 6]
ik c [ 83 7% 5 )
= 233 27 49 e o] —
D & 1 ! {3 r.
ISY N J 3
=== | I | = | | : e e Oy O«
| | B |
]IV ! | B ! | | ! | ! . | _I _____ SN TR MU M
=5 Determination of the Effect of B% Ozone on Bacﬂ!us anthracis (sterne) Strain with a 90min expasure time
Coupon Type: stainless steel 316
B Ozane Concentration: 8% (calculated)
21‘%‘ Contact Times: 90min
— [Samples 2 3 4 5 5 7 8 9 [avg count
L | Control 3 2 1.50E+09
" 7 0
A 94 8 0 0 1 44E+04
= 54 B 0 0
g B 109 14 2 0 3.83E+04
107 11 1 0 i
= 185 78 5 0 1.39E+05
= 233 48 B 4]
D 110 9 1 0 3.12E+04
= 154 7 1 0
Samples | log (control) | log (samples) | log reduction | "i — e
A 9.18 416 5.02 T | | | |
B 8.18 4,58 4,59
D 918 ¥/ 449 468 i _E.e Mmihmﬁ_ﬁr am,umj ! L | 1.8
e | . | | 03 (conrendrobion Clladddad) 7.90% | To Page No.
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 Dederrwinsion oS sthe Bk of 7. ﬁmmmm Shrain with
o J0rain . Expodure Time . |
Procedwre: Referdo pgs. . ' i

N . . ODzong Flow Redei 20 0min .
Time! O.40min

If"-r'ha-l 5@.#%‘”115&1}:&:"& Vﬂ'} 50 Oml
Firod Vol 42.3ml
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wli Ll ;Z‘;" _ Tidrobion Dada (cdesdclel)

~Final -
. : Sodium
Ozone Flow " r“ﬂlai Sodium Thiﬂﬁulfﬂ Molar g
| Rate (Limin) me (min) | Thiosulfate t mollLl, | moll, | molO, | Volume | YOlume %0,
Volume (ml) 0 0,
Volume 3
{ml)
20 0.40 50.0 423 1.28E-03 | 3.85E-04 | 3 85E-04 163 6.27E-02 7.64
. ’?cm Dtﬂﬁ' Runﬁ -
Daturminattnn nf the Effect of 8% Ozone on Bacillus anthracis (sterne) Straln WIth a Bumln exposure time
Coupon Type: stainless steel 316
Ozone Concentration: 8% (calculated) TDade: S/22)e
Contact Times: 90min ! J 9
Samples 2 3 4 5 6 7 8 9
Contral i
g7 FC
A 104 S 3 o) =
14 31 ! 6
B 213 a5 £ 0
257 (el 5 O
2 22\ 83 1 1 |
23 fo3 Lo a )
D 157 1% | G J
14) 0 | 6] =
Cﬂculdni mu. 'Eu.r! 5 L 1

Datarmlnatinn nf the Effect of 8% Dmne on Bacillus anthracis (sterne) Strain with a Brﬂmln axpusurﬂ Hm
Coupon Type: stainless steel 316
Czone Concentration: 8% (calculated)

Contact Times: 30min
S
Samples 2 3 4 5 6 7 8 9 Javgcou
Control 7 B 4 BOE+
g 2
A 104 29 3 0 6.39E+
114 37 1 0
B 273 68 8 0 1.59E+(
257 66 5 0
G 221 83 8 1 31158
212 63 5] 2
D 157 18 1 0 3 BIEL
141 10 1 0
-| Samples | log (control) | log (samples)]| log reduction _ﬁmq- L | 1 o
A 9.68 481 4.88 . rad “ﬂ |
B 9.68 5.20 4.48 Hl@ Ja‘?a an s q fal’n [T T .
c 9.68 550 4.18 » The Os coraerdrohon iS 7.84/ud | | mE
| D 9.68 4.59 5.09 —ﬂB 103 raduchons &rgf concerdrechon ll'ﬂ'h %!'1
hme m@:ﬁnm 4.36 -4.64 To Page No. —
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| Delerming¥ion of the Effect of ?meemManiﬂL(shm)S-}mnw%q
L 120min ExpoSwreTTime ||

_?mﬁgctﬂe%_byﬁ-s. | I

EEEETSY

- Ozone FlwRate: 2.0L/min
. ~Time: 0-5amin | |
| InkclVe): 50m) |
- Fina) Vo): 41.0m]
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Lded 1] | laibted Coone Gnel | 1o | | ] )] #gl
Final ‘
s . Sodium
Initial Sodium
Ozone Flow . Thi Molar
" Rate (Liminy | Time (min) Thiosulfate ‘::“"“ moliL12 | moll2 | mol 03 | Volume ”“t';'a"“ % 03
Volume (ml) 03
Volume
(ml)
2 0.52 50.0 41.0 1.50E-03 | 4.50E-04 | 4 50E-04 163 7.33E-02 ?.Q’Q_f
Lt L] R Oa-Run2 fiapmin,72) | [ | | (o) | 1
T Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 120min exposure time
Coupon Type: stainless steel 316
Ozone Concentration; 7% (calculated) Date: EHES
Contact Times: 120min b/2)o4
Samples 2 3 4 5 6 7 8 9
Control . 7 1 .
Heoo L1 | =
= A 90 13 c -
45 1S |
= B 172 4§ 1
132 25 S
C 2| 5 Q :
A | |
D 49 1 d
s [ Jo [ 2 1! |
Ll ] Ra Dedar Emgfwm'nf.iz._)_. S O O O OB T j
Determination of the Effect of 7% Ozone on Bacillus anthracis {sterne) Strain with a 60min exposure time
Coupen Type: stainless steel 316
Ozone Concentration: 7% (calculated) hie!
Contact Times: 60min G/2]og
Samples 2 3 4 5 6 7 8 9
Control
1 2
x 11 |
IS3 38 1 O
. 172 30 o !
L 1 14 b |
= < & 140 31 0
106 7 ! )
%7 9 I G
D g3 le ! a
102 13 | 0
T
e ! L8
| . , | | | To Page No. —
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Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 120min exposure time il
Coupon Type: stainless steel 316
/ Ozone Concentration: 7% (calculated)
( Contact Times: 120min
' Samples 2 3 4 5 (] 7 8 9 avg count
~Control 7 2 40E+09
11 1
A 90 13 0 233E+04 |~
95 15 1
i B 172 48 7 8.49E+04
132 25 5
C 7 i 5 0 1.13E+04
24 3 1
D 45 12 2 3.67E+04
i 65 10 2
Summor
:Samples log (control) | log (samples) | log reduction A Joﬂ.n reduch'on ﬁ .90
A 9.38 437 5.01 - ‘ﬁaewrgin}es }o pos} experimend of 5.1
B 9.38 4.93 4.45 : el re For +hird +me
C 8.38 4.05 5.33 -
D Q38 4 56 4 82 - O'b CUT{CE‘-H“]’I’&}F&“ ?' ﬂq j'

Calowlode) - Run 1 LeOmin, 77

il Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time
Coupon Type: stainless steel 316
=4 Ozone Concentration: 7% (calculated)
Contact Times: 60min
| Samples LS 4 5 3 7 8 9 avg count|-
il Control 7 2 2 40E+09]
11 1

A 153 38 7 0 1.65E+08 |+
| 172 30 6 1 |
| s T 142 26 1 5 06E+08

T 140 a7 0 i
C 106 7 1 0 2TTE+QT |,
B7 9 1 1]

D 83 B 1 0 2.83E+07|]

53 102 12 1 0
D wmmar
Samples | log (control) | log (samples) | log reduction 5 'I’Eld }on ‘,f_”

A 9.38 8.02 1.16 a0een. N Og0 eque 3

B 0 38 B.78 0.60 -pid; 1 I‘ERQ.} oL meve HMES
1 C 9.38 7.44 1.04 or accuacy
| D 9.38 7.45 1.93
itnessed & Understood by me, Date InvEnted by: Date
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L NVorious Coneck Times.

?mtperl:m ?&(—‘a«l-o fES . L )
L | I:hn&.f.m.IL&t B I | 3
= _._Hommt :lDJ.,tmh I - 1 | 1
a || Time:083mn | | | L i}
_.____Im-!-mj Vﬂi S0m) | 4 1 | |
_ Frad Vel 40.7Tm) |
1
|
|
| |

%M&\t Eiaibor 70 Gaie e Fobillles aﬂh@&m@ Smin %«

| Dule: 4/2)08
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Ozone Concerdrahion Colewahion
Ozone Initial Sodium | Final Sodium Molar Volume
- |Flow Rate| Time (min) Thiosulfate Thiosulfate | mol/L 12 | mol 12 mol 03 | Volume 03 % 03
|| (Limin) Volume (ml) Volume (mil) 03
2 0.53 50.0 40.7 1.55E-03 | 4.65E-04 | 4 65E-04 163 7.58E-02 7.10
_ - | | Raw Dodo.- Bun 2/90min, 7/))
| Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 30min exposure time
Coupon Type: stainless steel 316
Ozone Concentration: 7% (calculated) :
e Contact Times: 90min G/3)cA
- 'Lgamples 723 Hz 43 | #c 86 6 7 8 9
Control 222 |
13 &
A 196 7 1O I
- 15F 73 Ll ey
L B T 173 2 4
i 152 e 3
C _ 0| 4 L 0
1 19 as 13 I
D 168 (7 5 Q
il 143 e 4 I
| Lt 1L R | Dadar Run/ 2 (edmin, 74) | | |
Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time
Coupon Type: stainless steel 316 .
Ozone Concentration: 7% (calculated) Tate: ""gﬁ‘
Contact Times: 60min @/3/09
L
T—Samples 2 3 4 5 6 3 8 9
Control A2 ] |
1.3 <2
A T i 21 (a2 S
3 g 1£3 lole S
B 2 T 1S 40 1
= _l'T: T 131 54 1S
T g - | - 4
T =T 13 27 )
D T T 8 L | 14
T e _20) 57 9
To Page No, —
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TITLE

From Page No. 1S |

Cnlalln}tl U\:ﬂ'n.-hn ?-f ﬂﬂmn, ?f )

Cn.b.dn&a&?q&n. Run 20kOmin, 72)

- Datannlnarhon n’f the Eﬂect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 90min exposure time |-
Coupon Type: stainless steel 316
f Ozone Concentration: 7% (calculated) i
)4 - Contact Times: 90min 1
Samples 3 4 5 6 7 8 g avg count

Contraol 22 1 3.25E+09|
13 2 d

B A 180 87 10 1 3.16E+06
| | 158 73 11 2 F
= B T 173 28 < B.78E+08 | -

T 182 41 3

- C 201 42 5 0 2.04E+06]|
189 a5 13 1 H

b 168 67 5 ] 1.87E+06
— 142 86 4 1 U]
| | Samples | log (control) | log (samples) | log reduction _& I
A - {9_51 :l . I:G.EUP : ; 3.01‘“ Aﬁ ! e Feduction: 3.01 y
B 951 6.94 257 "y ” "fPs-"-'} for aeuracy. Frevious -

i c 9.51 6.31 3.20 N precluced 3.3( 63,0 reduckion

D 9.51 6.27 3.24 ( Bock# 107, pg ‘13) ' >

Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time |
Coupon Type: stainless steel 316
T 1= Ozone Concentration: 7% (calculated) |
jZ{/ Contact Times: 60min .
—
[ Samples 3 4 5 6 7 8 9 |avg count]
=l Control 22 1 3.25E+09 |-
13 2
A T T 212 62 5 1.08E+08
T T 183 66 5 .
B T T 156 40 7 1.71E+08 |
T i 131 54 15
C T T 118 27 2 5.36E+07 |
T T 113 27 1 i
D T T 215 68 14 214E+08 |
T T 211 87 8 R
__?““L‘].
Samples [ log (control) | log (samples) | log reduction | 1429163 ° F"ﬁ log reduehon -4 3 :
A 951 8.04 1.47 wih Previous o
B 9.51 8.23 1.28 oJ'-‘ y H‘l (P 13) pre reduchpy, _
c 951 7.13 1.78 ‘ )0 -
D 951 8.33 1.18 ' Oy corcendradion 7. -
| | i | |
| To Page No
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e Rl oy 5

- Flow Ra¥e: R.0L/min
L | Time: O.Homin | |
. | | - Trhic) Vo)t Som) |
— Final Vol: 43.0m)
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FromPageNo. 42| | | | | | [ | | | | [ | | |
el TTitvavon Glewlahon .
Ozone Initial Sedium | Final Sodium Molar o 4
Flow Rate| Time (min) | Thiosulfate | Thiosulfate | moliL12 | moli2 | mol 03 | Volume 03 % 03
(L/min) Volume (ml) | Volume (mi) 03
s 0.40 50.0 43.0 1.17E-03 | 3.50E-04 | 3.50E-04 163 5.70E-02 793
%) 1 | Rauk Do Ruan":’Omn,?fJ 1
Daterminatinn of the Effact nf T% Ozone on Bacillus anthracis (sterne) Strain with a 90min exposure time |
Coupon Type: stainless steel 316 A&
Ozone Concentration: 7% (calculated) Dade: ‘2"'37!‘04
Contact Times: 80min i
Samples 2 3 4 5 6 7 8 8 :
Control |2 3 J
2 Z 25
A T na 35 ]
i i 17 |2 =
B 2 d 122 17 |
T o2 12
C T 168 t =3
3 i 1S3 % A
D S 190 ﬁ :
T 13t .
3 i I 1
aREan Rowi Dude. - Run 3(4omin, 77.) !
Dntaminatmn of the Eﬂ"el:t of 7% Ozone on Bacillus anthrac{s [stame] Strain with a 60min axpmm timn 1
Coupon Type: stainless steel 316
Ozone Concentration: 7% (calculated) Vede: W
Contact Times: 60min /4109
Samples 2 3 4 5 6 7 8 g 8
Control .9 3 N
Il 2
A i 5 T 172 i1
i /1 1417 ¥
B L v i 199 B
T T |89 34 |
C T = 315 1S ,
T i 7 273 43 )
D 5 T 233 81 :
T T 210 104 4_
| S = — .i -
To Page No. -
Witnessed & Understood by me, Date Invented by: Date
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L Calewladed Dade- Run 3(3omin, 77D
. D&tenntnnﬂun of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 90min exposure time
| Coupon Type: stainless steel 316
-t Ozone Concentration: 7% (calculated)
— Contact Times: 90min
| Samples 3 4 5 6 7 '
8 8 avg count
B 1| Control 12 3 3.70E+09 |1
| 12 2
A T 112 35
- T e i 3.50E+06
B T 122 17
- 257 |
= T 102 12 -
— T, 158 13
[ = = B 2 60E+06
D T 190 38
i > = = 4 48E+06
_. 5ummn.r§[_
- | Sﬂmples |ug [cﬂntml} _ﬂﬂ{samplEﬁ} .ug rEdUCti'Dn n‘ﬂ iu’&lﬂ I'Eduﬂh&ﬂ ? aﬁ‘
- A 8.57 6.54 3.02 * Correlateswith pPrevious olede,
h | g gg; 641 316 3063204  PQ- /0.
: 6.41 3.15 neen '
L D 9.57 6.65 2.92 Ry Oameerivin Ha
- | Calewlated Dada- Run 3(60min, 77.)
— | Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time
- Coupon Type: stainless steel 316
Ozone Concentration: 7% (calculated)
— Contact Times: 80min
~ [Samples 3 4 5 6 7 8 9 |avg count]
Control 12 3 3. 70E+09 [
| 12 2 .
A T T 172 86 8.70E+07
- T T 187 52 !
= B T T 199 58 6.54E+07 | |
T T 189 34
C T T 315 115 1.34E+08 |1
- T T 283 53 .
D T T 233 BY 1.1BE+08
T T 210 104 '
on©oF .88
Samples | log (control) | log (samples) | log reduction HU& hﬁ“’ redushon
- A 957 794 163 1580147 Cﬂ#eln}es to previous
3 B 9.57 7.82 1.75 Pg. 16
C B.57 B.13 1.44
D 8.57 8.07 1.50
' | To Page No. —
essed & Understood by me, Date Invgnted by: Date
& " -
k/4jo
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_ | _Time_ OGQmm | | | |
I __I _::nadsodmﬁh usuﬂfa}e J.!a] ﬁo Om)

“ [ [ | Foar—
N F'|ml um-#h..@dﬁe ml‘__.?:‘i ?m'l - L] /

| HF T QMMM T

[ |
Pl || | || | o ‘ || | 1.
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i
jlom Page No. | | I Y I S
B Calewlaled Ozone Concendredion ||
;-L
' Ozone Initial Sodium | Final Sodium Molar | volume |
Ftaw Rate| Time (min) Thiosulfate Thiosulfate | moliL 12 | mol 12 mol O3 | Volume 03 % O3
 (Limin) Volume {ml} Volume {ml) 03
2 0.60 50.0 39.9 1.68E-03 | 5.05E-04 | 5.05E-04 1683 8.23E-02 5.86
| || ?aw "Da:}a. IZ-:.m 3(J2¢mm, ?J)
| Determmatlon of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 120min exposure time
Coupon Type: stainless steel 316 AC
1 % Ozone Concentration: 7% (calculated) | T
% C Contact Times: 120min &/ /09
- | Samples 2 3 4 5 5 7 8 9
Bl Control T -y
A Il
A ] Lo = :
2 115 B @
1 B 9% o2 i
I & Fast =
1 c Ha g o
| 5l 4z I
D £3 oo fe
- 4] zl 9
| i —
| Celewlabad Dede~ Bun 3 [120min, 77.)
Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 120min exposure time
Coupon Type; stainless steel 316
7 Ozone Concentration: 7% (calculated)
- Contact Times: 120min
F— E
amples 2 3 4 5 6 7 8 9 avg count
“Control T 2 2.40E+09
11 1
A 101 10 2 2.95E+04
115 3 0
B 198 53 ) 1.05E+05
146 32 3
C 42 ] 2 2. 72E+D4
51 7 1
C 8.3 22 B 1. 10E+05
i 81 3 g
Stuunaor s
amples | | lo i : ¥
Ap og {;ggtrni] g [iagples} log ridgt;-::tmn . Ay - Ia 3”’ reduckon 1S 4.64
B 9.38 5.02 436 *This correlades fo Fhe previcus fults
C 9.38 4.43 4.95 "Os concendrohon 15 b &
D 938 5.04 4.34
tnessed & Understood by me, Date Invented _by: Date
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From Page No. ™ MOFFETT CENTER Page 1 of 3
| || | | [ Title: Authaor;

Determining the Effect of 7% Ozone on Bacillus spores | Kerri Cooper
Embedded in Sucrose on Various Coupon Surfaces

- 4.0 Equipment and Supplies

I T — 5.0 Operational Procedures
1

Document MNo.: | Effective Date:
June 2009

1.0 Purpose:

To determine the effect of 7% ozone on Bacillus spores that are embedded in sucrose on glazed
tile, stainless steel 316, and Teflon surfaces.

2.0 Responsibility
The scientific personnel that carries out the experiment.

3.0 Hazards and Safety Considerations L
e Operator must follow all safety instructions for the Ozone Delivery System
» Spores of Bacillus anthracis (stern) strain were used

e Sterile Conical tubes containing 10 glass beads (diameter 2mm) -
Sterile forceps

Sucrose

Sterile de-1onized water (dH;0)
Tryptic soy agar (TSA)
Buffered Peptone Water (BPW) (9mL/tube and [ DmL/tube) =
Shaking water bath (Thermo Haake/SWB25) =
Incubator (Imperial I11)

Bacillus spores suspension (BA, BC, BT solved in 50% ethanol)
10 mm coupons (stainless steel 316)

1 N NaOH Solution 3
Sanitizer (8% calculated ozone gas) —
Bio-safety cabinet (BSC)
Ozone Delivery System

*® 2 @& & °2 B * & @ ® © B B

5.1 Preparation of coupons: —
5.1.1  Dissolve 2g of sucrose in 2ml of dIH,0
5.1.2  Obtain 3 coupons for each surface type
5.1.3  Load the coupons with 0.1mL of sucrose solution
3.1.4  Place the coupons in the oven at 180°C (10min for stainless steel, 20min for
Teflon and glazed tile) =
Remove coupons and allow to cool
Inoculate coupons with 0.05ml of spores (BA. BC, or BT)
Place in the refrigerator to dry for 2hrs =

LhoLn n
e
~1 O~ LA

5.2 Analysis of Control Coupons —

By

Witnessed & Understood by me, Date

Inv nte::l by: Date
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rom Page No. _22 | | ‘ | | | | | ' | | | ]
| 0P R 07 A O 1 EL L ELT T ]
1 MOFFETT CENTER : Page 2 of 3 B e
B 'Fifle: Author: _l_
| Determining the Effect of 7% Ozone on Bacillus spores | Kerri Cooper _
|| Embedded in Sucrose on Various Coupon Surfaces | | N
||| Document No.: Effective Date: _J_______l._ |
B | June 2009 ' .
il | HEERE

5.2.1 Place one coupon per surface type in a conical tube filled with 10 sterilized ——t——1—
olass = 1
beads and 10mL of BPW S .

, 5.2.2 Vortex the sample for 1min i T
b 5.2.3  Heat shock the conical tubes in a water bath at 80°C for 20min i

T 524 Remove conical tubes from water bath and place them in ice L1 [ 1 |
P (" H,0 for 2min RN
| - 5 T |

3.2.5  Conduct microbiology analysis and plate on TSA |
5.2.6 Incubate for 24hrs at 32°C | ——i “

. 5.3 Day I: Analysis for Ozone Treated Coupons L]
| _ 5.3.1 Place 2 coupons per surface type in the Anacrobic Reaction Tank | ]
5.3.2 Set generator parameters to produce 7% ozone and follow SOP: MC i
SA-105-SOP001-VO1 p——t—t—a—
Remove coupons after 120min L 1] |
Place coupons in 10mL of BFW with 10 sterilized glass beads ||
Vortex for 1min ]
Heat shock samples in water bath at 80°C for 20min ' T
Remove from water bath and place in ice H;O for 2min S Pl I
Conduct microbiological analysis and plate on TSA 1
Incubate plates for 18-24hrs at 32°C

|— 5.4 Day 2 I

— 5.4.1 Remove plates from incubator
5.4.2 Count colonies
543 Fecord data in lab notebook

TRT RV R
I;.p.l' E.JJ _LIJ 'S.JJ
o L L (N N

Wh Ln Ln
LIS I S R
WD SO =)

'l— 6.0 References and Supporting Documents | |
| 1. Buranov, S.N., V.I. Karelin, V.D. Selemir, O.N. Vorobieva, A.S. Tsareva, V.V. Shkarin. [ | |

| | “Sterilizing Effect of Ozone on Live Spores of Anthrax Bacillus.” Pulsed Power B ]
| Conference, 2005 IEEE. June. 1416-1417. |

s o N A (O
I,—- 2. Cooper, Kerri. Ozone Delivery System P&ID (Draft 1 1). December 2008, i L3 _l

L]

Oxygen Material Safety Data Sheet (MSDS). | _|_i_
|

B 4. Ozone Material Safety Data Sheet (MSDS).
| <http:/fwww ozoneapplications.com/info/ozone msds.him>.

| I i | | | | I T I i ‘ : e .
|| I ! | ] | | | ] BEEER ' | | ToPage No. ___
tnessed & Understood by me, Date Invented by: Date

Recorded by:




| — T

i 24 :
Project No.
Book No. TITLE |
From Page No. ____ | N B B | M| 1' [
! ) — | || - Pode: b)igjos
_ . | | Ffler ]ﬁ 74102 ,..nn%ﬂuj.._@iﬂsmdshrn' Ejrmr] _‘juﬁbi
L Procedure: Referdo.pe.2z | I i |
| ]
| /
| | 10
| I / B
] bl
/ :
| | 7
L /./ |
/___. ; | ]
| N ;/
bl L/ .
T
/]
b 7l |
| // '
}"//
I | A1
:/
T J// 3
/ .
| ,// ]
BEa
i | | ; || || To Page No.
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om Page No. .24 | 1] ]
Lo Ewba}a_&mi__’ﬂmedm Eeremlap& 23

| | |
i | Effect nf ?% Dznne on Bacrﬂus Anthracrs l[steme} Embedded in Sucrose | i
Coupons: Stainless Steel 316, Glazed Tile, Teflon O
PA Contact Time: 120mins Dode s/ 11)09 |
é’/‘ ]
J [ e Samples 3 4 5 B Fi g 9 _I_
Control - 55 Fie Il |
&7 L] 3
Control - TF o3 = L
[ 3 3 4]
Contral - GT 53 4 G
47 S o)
Ll 881 et 15 T = 1O} 14 £y
bl T g 1M 1§ |
| 552 qr T T 130 21 o
T o -t 136 17 I
TF1 3 5 T i 163 q0 [O
| 2 T 2 7l 205 H43 1 B B
=1 TF2 g T T. 1S5 2 3
| T T T 132 22 | |
| GT 1 T T T et | 23 3
A T T 1 |44 2.9 | T T
E GT2 T T [T gof | o2 | | iNEN
; 11-'-'_ a2 o | !
Ll | || ediediatediDitel 2ol | | | | | | | |
.{ l: Effect of 7% Ozone on Bacillus Anthracis (sterne) Embedded in Sucruse
Coupons: Stainless Steel 316, Glazed Tile, Teflon
Contact Time: 120mins
Samples 3 4 5 B 7 8 8 avg count
Control - SS 76 11 1 3.82E+09
| 67 11 3
Control - TF B3 5 2 2.03E+08
53 3 0
Confrol - GT 53 4 a 5.50E+03
| 47 5 0
551 T T T 101 14 4 5. 18E+(08
3 T T il 114 18 1
i 552 T T i 130 21 0 3.73E+08
T T T 136 17 1
TF1 T i T 163 40 10 1.45E+09
L T T T 205 43 7
B TF2 T il T 155 27 3 5.89E+08
T K T 132 22 1
il GT 1 T = - S oo by E TnCing
1 —— o e e ! et (] T S [=alas] | | To Page No. —
itnessed & Understood by me, Date Invented by: Date
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Book No. HILE i
T I ] '
Fr?m Page i\llu. — | | | I | Date: ) 105 |
Efect of 7. Ozene on Borillu ﬂmﬁumsfsiﬂme'z)Emhaﬂsﬂ&m
'Fmad;_uﬂ_%%p\?&;___ ] N L
"TT-'l-r't.L n | - ] -I
F lalit‘ Eﬂﬁ:iﬂgmhh
Time: 0.6 mjn | ! =
hih[ﬁl_; 0B E:Lf Vol 50.0m) e |
Final Ve 1 J ]
// :
[ 17
I /
. | | ]
P
i i | B 1
P
Fa ‘
| AT |
.' | L7 ' |
: - L
_ P : T T
: /!
_/. —
7
f |
. | | | To Page No.
Witnessed & Understood by me, Date Invented by: Date |
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om Page No. .24 |

| | |
2lculater Ozone Corventrakion

| | | =1 A{Lf& ! { ) .
F- ,L_}-Jlnitilal Sodium | Final Sodium Molar |\, 1ime e
t (min) Thiosulfate Thiosulfate | mollL 12 | mol 12 mol 03 Vu(l;xame 03 o
1 | Volume (ml)
55 = usrgi:l[m} 38.5 1.92E-03 | 5.75E-04 5.?554:'4| 163 93?E-|02 :«',21I
| I | | | | | | |
T A
T | I ! IrEcuu fl?aiw;:x- R;g\_.?.!__ | ! ! .__I i
1 T | | | | | | |
- Effect of 7% Ozone on Bacillus Anthracis (sterne) Embedded in Sucrose =} =
| Coupons: Stainless Steel 316, Glazed Tile, Teflon | -
Tl = Contact Time: 120mins }
). 1/\ [ 1
| / (___ Samples 3 3 5 6 7 3 9 | ||
B — Control - 88 56 7 _! . |
—— £3 | 3 |
! Control - TF 5 9 2 I |
a3 b |
Control - GT G4 g
§7 K ]
551 el 10| G [»]
T 253 79 12 |
I | 552 25 | 125 19 |
| 231 1y 2l o T
| | TE1 T )67 a6 o _
.| T 140 37 ]
| TF2 T 123 27 3 o |
| T |58 3T 3 L]
E | GT 1 g 144 Ll <
T 157 30 o
GT2 154 o7 o] 7
T T L
| | 3 | | | /I
| !_ ¥ ' A -""./I ]
| | e acteeettr] L 6
| N '__,l__,..-"'"...' A O ’ ! _! — 1
I = . L
A1 A
i | , | . |
|
) o |
| - | | | To Page No. ——
Date Invented by: Date
q - le)12)0g
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Effect of 7% Ozone on Bacillus Anthracis {sterne) Embedded in Sucrose
Coupons: Stainless Steal 316, Glazed Tile, Teflon

Contact Time: 120mins

ﬁg

Tha

w0 reduckion Fur 3[&29:1 hle: 0.4

1o reduchons Jor'all sufaces are <1.0
hle ond Yeflon Susfoces showed o differend hEncJ with

reduchion +Hen in Bun 11‘])3615)

ment will be rEPGﬁ'Ed o,&cf;n for a_ceumﬂ)!

ﬂvﬁ !cﬁ reduchon for 3‘3&:!’#\@5 ﬁ'lﬂ’-] IRl o ?7
vﬁj !oam reduckion for Teflon: 0. Y

Wi
n
S

l
Samples 5 ] 7 8 9 avg count
Control - 3§ 50 3] 1 2.07E+D9
53 3 1
Control - TF 52 g a 1.33E+09
| 53 5] 3]
Control - GT 84 8 1 2 71E+08
a7 a 1
3351 221 101 16 0 2.91E+DA
253 78 12 1
552 215 128 19 1 4. 18E+08
231 114 26 0
TF1 T 167 a0 2 7 A4E+08
T 140 38 1
TF2 T 123 P 3 7.71E+D8
T 158 39 3
GT 1 T 144 26 2 5.31E+08
T 157 ap 2
GT2 154 67 27 7 7.00E+08
163 48 18 1
Sample log (avg control) | log {sample) | log reduction
551 9.31 B 46 0.85 AT
552 8.31 Bg2 0.69
T 8912 8.87 0.25 0.24
TF2 8,12 8.89 0.24
GT 1 .43 B.80 063 061
GT 2 | 9,43 8.85 .59
¢

| Slazec! hle .Fmrf;:j
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| From Page No. | ’ | | | | | | | |||
P ] [ @ sdsdbdind alsdaalad | | e
Initial Sedium | Final Sodium
Ozone Flow Rate (L/min) Time (min) Thiosulfate Thiosulfate molilL 12 mol
Volume (ml) Volume {ml)
s =iel 2 Q.50 50.0 40.7 1.55E-03 | 4.65E
0 || .||'.|1|':|__.|!
I. L[] ‘ ‘ ‘ Doda- Rumﬁ_l__| X | || B
| ' |- ] . | '
S— i i ! l = ! . | .
' Effect of 7% Dznne on Bac.d.'us Anthracis {sterne} Embedded in Sucrose __i
S Coupons: Stainless Steel 316, Glazed Tile, Teflon
Contact Time: 120mins Vade: bl1ofo4 ==
; Samples Tzl | Hck1 | #BTF 6 7 8 9 | |
/ Contral - S Y <. '
o ] o i
—— Control - TF ol o |
(o 1
Conirol - GT s} 2 | W
. S : I |
581 11§ 13 3 | |/l
95 al L3 !
552 128 23 9 NEEE
115 15 L _ |
Tk 103 1 2
Iss__| 23 0 i
£ ~ TF2 189 3.3 o |
140 37 = J'
GT 1 231 37 (e |
152 4% S d|
. GT 2 194 o 3
' 1Es 3l b N
| 3
D —
: | = 3 -
— I_“_,,...-"f
| | I f —
i I
|
T |
/ - | | | | | | | To Page No. —
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fomPegeNo. | | | | | | | EENEEEEEE ]
S 0 S S TO; LI OO [ | | : N
I R Y edDaiaJ,:E IHNE BEE
. L] I | | | CT T T 11 =
Eﬂ'e-::t of 7% Ozone on Bacillus Anthracis {sterne} Emhedded in Sucrose e —
Coupons: Stainless Steel 316, Glazed Tile, Teflon e I ¢
Contact Time; 120mins J_
I 1
7 Samples 6 7 8 9 avgeount || |
_?< [ Confrol - 55 L 5 2 z 20E+09
£ 3] 1
Control - TF 5 0 1.75E+08
10 2
Contrel - GT 10 2 2.45E+09
- g 1
551 118 13 3 5.28E+08
BE 1 o5 21 2 =
852 128 23 5 5.64E+08 poe—
118 15 2 | 1 |
TF1 103 27 2 5 29E+08 | |
B 155 33 0 ' | ==
TF2 188 33 )] JAQOE+0E |1 |
190 37 4
GT 1 251 37 5] 148E+08 |71 T
_ 152 48 5 =
T GT 2 196 41 3 9.81E+08 | |
145 31 6 ‘
Sample log (avg control) | log (sample) log reduction | )
| SS 1 9.34 8.72 0.62 0.57 i
- 352 9.34 8.82 0.52 —
| TF 1 9.24 872 0.52 0.45
i1 TF 2 9.24 8.87 0.37 .
|- GT 1 9.39 9.07 0.32 0.36 .
BT 2 9.39 §.89 0.40 |_|__
S e e s T T Y A
([ | | - o i i ol
| 5:@_1&?' | | T T
Py o&:u_tiﬂm:}mn'i"ur_&&n)ﬁﬁ E}eel 0. 51 LT T LT |
----- Jsaﬂ:aw reduekion oy Teflonios
L | "ﬁfa__qaw re:lu;':h;u's_-ij ’to-za&_hla 0-36 | | | T T T 1]
| g}mnjaﬁ ﬁhowa ~}he e g}r_laﬁm re u;:-imn |
| lozed Hlle + ' ol
| ___Td’!pn arf_ﬂicﬁe J.u;{H\ 61&1&1 de_h.qua_.-k_l\e lower veducdion |__
i.
lr‘weEted by:
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mPageNo. 32 | | | | | Nl | ! HER DEREE
b ] FREEFnErE™ ) . L] N
i Ome e Gallgdon | | | | || L[ [ ]
Initial Sodium | Final Sodium Molar Volume |
ne (min) Thiosulfate Thiosulfate | mol/L12 | moll2 | mol O3 Votl:;lame 03 % 03
Volume (ml Volume (ml)
0.42 = UEID_?:I{ } 42.7 1,22E-03 | 3.65E-04 | 3.65E-04 163 5.95E-02 7.14
T N W | 11 L ] S S L | SRR e
A e A Rou Dode Rund R NEN
| SN
| | Ji == — [ ] | | 1 1 I ' |
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Effect of 7% Ozone on Bacillus Spores Embedded in Sucrose on Various Food Contact
Surfaces for a 120min Exposure Time

| Book N

Table 2: BA Embedded in Sucrose

e

Bacillus Anthracis (sterne)
Concentration fuerage Log
Date Coupon Type (%) Reduction
{cfu/ml)
6/11/2009 Stainless Steel 7.05 0.94
6/112/2008 316 7.21 Q.77
6/16/2009 758 Q.57
B/11/2008 7.05 0.34
6/112/2009 Teflon 7.21 024
B/16/2008 7.58 .45
6/11/2009 705 0.18
6/112/2009 Glazed Tile 7.21 0.61
B6/16/200% 7.58 .36

The average log reduction of BA embedded in sucrose is < 1.0. The breakdown for each coupon |

is as follows:

Stamless Steel 316: 0.76 cfml

- Teflon: 0.34 cfu/ml
- Glazed Tile: 0.38 cfu/ml

" Table 3: BC Embedded in Sucrose

E - Bacillus Cereus
[ : Average Log
" Date Coupaon Type Conc{eggmtlon Raduction
b i {cfu/ml)
|| 8/17/2009 : 7.14 1.04
[ 6182009 Sw'“'g?g Stee) 7.05 1.05
6/20/2009 | 7.64 1.02
3
L I
| B/17/2009 ' 7.14 0.64
—| B/18/2009 Teflon 7.05 0.74
6/20/2009 7.64 0.35
| 81712009 714 0.62
—| B/18/2009 Glazed Tile 7.05 0.17
| | 8202009 7.64 0.16

"

- The average log reduction for the samples on Teflon and Glazed Tile are 0.58 and 0.32 cfu/ml —
~ respectively. The Stainless Steel samples show an average log reduction of 1.04 cfu/ml.
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Table 4: BT Embedded iln Sucrose

From Page No. .§1 | |

min_Bxposure Time
ST

m_ﬁ_awe on Vasiass Food Corduel
| | |
[ | | N | ! | R | EA PS8 |

[ | ’ '

Bacillus Thuringiencis
' £ Average Log
Date C]qupgn Cnnc;?tjratmn Reduction
P ; (cfu/mi)
6/23/2009 ; 7.1 132
amamnna | Stainless  —
6/24/2009 | S~ 7.15 1.21
6/25/2000 | 7.06 0.9
6/23/200 | 7.1 0.53
6/24/2009 Teflon 7.5 078
| 6/25/2009 7.06 1.05 -
6/23/2009 | 7y 0.79
6/24/2008 | Glazed Tile Fia il 0.91
| 6/25/2009 [ 708 1.13

The average log reduction for stainless steel 316: 1.14 cfu/ml

The average log reduction for Teflon: 0.79 cfu/ml

The average log reduction for Glazed Tile: 0.94 cfu/ml

Summary

The log reductions for BA, BC and BT
sanitizers than the other two strains. Al
coupons also show that stainless stee| 3
surlace to sterilize due to its
on sucrose embedded with the spores does not produce a high
- incorporated before the sanitizing step to hel

show the same trend of BA being more resistant to

50, the average log reductions for all the spores on the

16 has a higher log reduction and glazed tile is the harder
texture, except for the BT spores. Since the effect of ozone directly
log reduction, a wash step will be
p increase ozone’s effect.
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" Effect of 7% Ozone on Bacillus Cereus Embedded in Sucrose After a Previous V
Coupons: Stainless Steel 316, Glazed Tile, Teflon
Ceontact Time: 120mins

2 3 4 5 [ T 8
= |
G _
5]
5]
14 =
11
a2 29 10 1 =
a2 37 8 1 -
41 10 1
a5 5] 0
o2 21 5
111 52 4
36 19 3
50 17 1 —|
18 8 1 |
25 3 ]
105 23 4
93 33 3
69 22 i
a1 10 2
118 28 1
145 26 3
17 4] 0 0
22 4] 4] 0
52 0 0 0 B
31 0 1) 0
T 122 31 4
T 116 25 5 =
T 152 56 ]
15 136 24 g
. | L I | S I 1 |
log{avg control) | log (avg count) | log reduction | | | | | i
950 6.36 313 : l f—wv ! - | | i |
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Effect of 7% Ozone on Bacillus Thuringiencis Embedded in Sucmse After a Previous Wash Step
Coupons: Stainless Steel 316, Glazed Tile, Teflon
Contact Time: 120mins
Samples 2 3 4 5 6 7 8 9 avg reduction
Control - TF 8 0 3. 10E+08
10 1
Conrol - 55 11 4 3.58E+07
10 1
Control - GT 5 0 550E+06
6 0
R-GT1 10 1 1450
9 0
R-551 5 1 9 50E+02
4 0
R-GT1 15 2 3A4A0E+03
13 2
D-TF1 [ 1 1.25E+03
7 0
D-SS1 2 0
6 0 4.00E+02
D-GT1 o 3 4,00E+03
19 1 =
O-TF1 0 0 0 5.00E+01
i 1 0 0
O-TF2 ] 0 0 6.02E+04
0 0 0
0-551 0 0 0 0 0.00E+00
0 0 0 0
0-552 0 0 0 0 0.00E+00
0 0 0 0
[ O-GT1 15 1 0 0 2.95E+03
14 2 0 0
Q-GT2 3 0 0 0 0 9.50E+02
8 1 0 0 0
L log{avg log (avg | = i = W e =) I e | | S S I
Samples control) count) |log reduction | |
“[R-Tf1 8.49 3.16 5.33 T 0 T ™1 T T | T T
R-551 7.55 2.98 4.57 e =Sk S5 ST T | - =
|R-GT1 £.74 3.53 3.21 |
D-TF1 8.49 3.10 5.39 I R T T S F R
_ |D-GT1 6.74 3.60 3.14 § .
O-TF1 849 1.70 5.79 i ic
- [O-TF2 8.43 3.47 5.02 I i = —i—
 [D0-551 7.55 #FNUM! #NUM! |1 . i i
0-5S2 7.55 #NUM! #NUMI | i
56T 574 W 357 —t—t——— 1| _f!
| [0-GT2 6.74 2.08 3.76 | | | | To Page No. —
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Effect of 7% Ozone on Bacillus Anthracis (sterne) Embedded in Sucrose After a Previou
Coupons: Stainless Steel 316, Glazed Tile, Teflon
Contact Time: 120mins T
ples 2 3 4 5 6 8
nirol - TF 6
5 =
ol - SS 5 L]
b 4
Control - GT 22 |
"D-TF1 63 7 I
3 63 9 1
D-TF2 53 7
59 B T
D-551 44 < +
3 48 0 |
D552 18 2 | I
E] 5
Dot 244 32 [*
B 215 29
D-GT2 156 31 —
149 35 -
_O-TF1 42 8 iV
25 7
O-TF2 34 1
] 20 4 il
0-381 1 0 =
1] 0
0 0 B
3 0 0 =
0-GT1 222 48 =
155 44
178 a7 P
3 156 33 ey
imples | log(avg control) | log (avg count) | log reduction | | =
j 9.02 5.16 3.87 T - 2
TF2 9.02 5.00 303 | : |
551 870 482 3.88 | |
-852 8.70 4,64 4.05 |
T1 10.38 5.73 4.65 !
5 10.38 588 4.70 L]
9.02 404 499
9.02 372 5.31 '
8.70 1.70 7.00 | == it
8.70 #NUM) #NUMI | | | fiE: |
10.38 4.51 5.57 | || | _L—_
G | 10.38 4.71 5.67 = ‘ . e
' | | ] [ ] = | | To Page No. ——
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Effect of 7% Ozone on Bacillus Anthracis (sterne) Embedded in Sucrose After a Prawnus Wash Step
Coupcns,; Stainless Steel 316, Glazed Tile, Teflon
Contact Time: 120mins
Samples | 2 3 4 5 3 [ g avg count
—Lontrol - TF 4 1 9. 50E+08
[ 5 0
Conrol - 55 7 a 1.05E+09
- | 4 1
_Control - GT 7 ] 1.25E+08
8 1
b= 7 5 1.40E+05
64 7
D-TFZ2 84 7 1.37E+05
L 60 g 3
D-351 &1 3] 1.10E+05
58 4
—| D-882 28 1 3.890E+D4
= 20 2 |
D-GT1 253 85 1.28E+06
273 109
D-GT2 212 a7 1.01E+0B
208 63
O-TF1 il 0 1.50E+02
2 0
| O-TF2 12 2 3 15E+03
11 2
0-551 1 0 5 0DE+01
0 0
{)-582 i 0 0.00E+00
= 0 0
O-GT1 156 30 4.2 Rt
o 121 28
| O-GTZ 297 103 1.96E+05
316 228
log (avg log
Samples | log(avg control) count) reduction —- L
| | D-TF1 8.98 5.15 3.83 3,84 - 3
D-TF2 3.98 514 3.84
D-551 8.02 5.04 3.98 4.21
D-S52 902 459 443 — —
D-GT1 9.10 6.11 2.99 3.04
D-GT2 5.10 5.00 3.09 BN T 8
O-TF2 5.98 3.50 548 —
0-551 8.02 1.70 7.32 #NUM!
0-S52 9.02 #NUM! #NUMI T
0-GT1 9.10 4.63 4.46 413 PR S A .
Q-G:TE __ 910 _ 5.29 3.80 l To Page No. —
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Effect of 7% Qzone on Baciflus Cereus Embedded in Sucrose After a Previous Wash Step
Coupons: Stainless Steel 318, Glazed Tile, Teflon
Contact Time: 120mins
ples | 2 3 4 5 6 7 8 9 avg count
ol - TF 13 0 7.35E+09
| 10 T I
ol- 53 17 5 5. 30E+0D9
] | 20 2
trol - GT 19 i 3.70E+09
i 15 2
TFE 43 7 1.08E+05
3 43 g
D-TF2 22 1 J.00E+04
. 18 1
D-551 30 4 5.40E+04 |
. 23 3
D-552 29 3] 8.10E+04
23 5
- D-GT1 282 53 1.12E+06
214 92
D-GT2 222 83 8.57E+05 | —
] 212 - Y e e D . B
O-TF1 0 0 0.00E+00| —— -
0 0
O-TF2 0 0 0.00E+00
. ad ]
3-551 0 0 0.00E+00 |
0 0
)-552 Q 0 0.00E+0Q| |
0 0 |
O-GTH 10 1 1.35E+03
K 0
T2 11 2 2.55E+03|——
10 1
E log(avg log (avg | | :
mples |  control) count) |log reduction| | i ' |
D-TF1 987 5.03 . S T I S S
T2 9.87 4.48 5.39 | |
S51 9,73 4.73 5.00 || i I Y (
'552 973 491 4 52 i = et B =S Lz !
LT 9.57 6.05 352 b | | Ll eyl
-GT2 957 5.93 3.64 . | L | |
TF1 9.87 #NUM! #NUMT [ i Pt
DTF2 9.87 ENUM! #NUM| | 1 : I I I
S51 973 ZNUM! #NUM! | | || | |
GT1 957 3.13 6.44 | I [ -
T2 957 3.41 6.16 | | B L]
| | _ . | ! . I | _ | To Page No. —
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& Effect of 7% Ozone on Bacillus Cereps Embedded in Sucrose After 3 Previous Wash Step [
Coupons: Stainless Steel 316, Glazed Tile, Teflon -
3 Contact Time: 120mins E
| Samples 2 3 4 5 6 8 9 |avgcount] —
" | Control- TF 6 0 140E+09| | |
12 1
Conrol - 58 10 4 3.90E+09 =
g 2 > | .
Control - GT 11 2 2.50E+09
g 1 i
D-TF1 40 5 B.70E+04 | |
34 8 3
D-TF= 53 16 2.27E+05
g 51 18 .
b-551 24 = 9.85E+04
I 25 2
D-852 28 p 4.65E+04 |
25 2
D-GT1 283 99 1.34E+06 —1
283 112
D-GT2 235 g2 1.09E+08
212 81 ]
i O-TF1 4] 0 0.00E+00
L ] 0
O-TF2 0 0 0.00E+00
0 0
J-551 0 1] 0.00E+00
0 4] -
0-552 0 0 0.00E+00D
0 1]
O-GTH 127 52 S.53E+04 | — >
139 32 i
O-GT2 145 25 4.31E+04
4 157 31
B IS e i
leg(avg log (avg log = =
Samples | control) count) | reduction =% i
L D-TF1 9.15 4.83 432 | —t—t ¥
D-TF2 9.15 536 3.79 i -
D-551 89.59 477 4.82 5
D-3352 8.50 4 67 4.92 3
D-G3T1 .40 613 3.27 -
D-GT2 5.40 8,04 3.36
O-TF1 8.15 ENLIM! #NUM! ] X
O-TFz2 815 #NUM! #MNUM! e — —
0-551 9.55 #NUM| #M LM [ ] B SN |
0-552 9.59 #NUM! [ #NUM] T
0-GT1 9.40 474 4.66 == oSS . S SR I S |
0-GT2 940 463 476 | | || 10 Page No. —
Witnessed & Understood by me, Date [I"l"'»%‘_‘tl’&d_ by: ate ‘
Recorded by: | J




Project No.
LE Book No.
N Page No. || Qun 4 BC w) w‘mh s%epﬁ-ﬁmm'_ _..__l_____ L il @!um
Effect n:-f T"r’u Ozone on Bamﬂus Cereus Embedded in Sucrose After a Previous Wash Step
Coupons: Stainless Steel 316, Glazed Tile, Teflon il |"'_-
Contact Time: 120mins |—'—

| Samples 2 3 4 5 6 7 8 9 avg count| |

‘Control - TF 10 0 1T.00E+09 |———

10 0 |

Conrol - 55 B i 2.10E+09
14 2 IR
Control - GT 10 3 385E+09| | |
7 3 !
O-TF1 23 3 4 40E+0D4 |-
25 1
O-TF2 g 3 1.65E+04| | |
4 1 .
D551 a4 3 Bi0E04] | |
38 5 | E
D-352 29 3 4, 75E+04 st
26 1 _| =
D-GT1 39 3 526E+04| |
50 8 O
D-GT2 73 15 1.92E+05 i
80 3]
O-TF1 0 0 0.00E+00 |
O - BN
Q-TF2 0 0 0.00E-+00 [
[] G ———
0-551 0 v 0.00E+00 -
0 4]
0-552 0 a 0.00E+00 | '
0 0 | N
0-GT1 4 1 9.50E+02
5 1] il
D-GT2 g 1 2 45E+03 |-
10 2
loglavg | log (avg log ! - ! l ! — i -

__Samples | control) | count) | reduction | E <[l | . |
D-TF1 0.00 4.64 436 s | | || I | || |
D-TF2 3,00 4.22 478 t—t— i =t — = ,
D851 5.3 491 T L | i | i
D-S52 g 32 468 4.65 || | ' | ||
0-GT1 9,59 472 4.87 [ R ._ | | | | [ |
D-GT2 | 959 | 528 4.30 1| LU -
O-TF1 500 | #NUMI | #NUM! | | L ‘ e
O-TF2 9.00 #NUM! #ENUM! i | i | T 0w
0-S51 g.32 #NUMI #NUMI | - e | + R U
0552 | 932 | #NUMI | #NUMI HERER' | | i
0-GT1 9.59 2.98 6.61 | | | :
0-GT2 9.59 3.39 6.20 — T | =2 — it
] | I | = : I | To Page No. —
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Effect of ?% Clzcme on Bacillus Thuringiencis Embedded in Sucrose After a Previous Wash Step i
! Coupons: Stainless Steel 316, Glazed Tile, Teflon ]
Contact Time: 120mins ]
~ | Samples | 2 3 4 5 6 9 avg count —
 Eontrol - TF 60 8 T71E+07| | |
| 62 14 1
[ Conrgl - 85 51 a 1.832E+07 | ——
[ | 63 7 B
Control - GT 63 14 1.47E+07 I
§ 50 4 [l
D-TF1 4] 0 5.00E+071|_1 |
1 4]
5 D-TF2 1 0 1.O0E+02| T
1 0 L
D-551 2 0 2.00E+02
2 4]
D-552 1 0 1.00E+02 |——
S 1 0
D-GT1 4 1 8.00E+02
5 5 |-
D-GT2 1 1l 9.00E+02|_ | |
7 1
0-TEA 4] 8] 0.00E+D0
0] 1] =
O-TF2 0 0 0.00E+00Q
0 0
0-551 a 0 0.00E+00
0 0 i
0-552 0 0 0.00E+00
B 0 4] 3
= 0-GT1 1 0 2.00E+D1 —_
. 0 0
[— 1| _O-GT2 2 0 1.00E+02
0 4]
de -
log(avg | log (avg log T = )
Samples | control) count) | reduction | — F—T—— —
D-TF1 7.23 1.70 5.53 I S T 1
D-TF2 7.23 2.00 523
= D-551 712 2.30 4.82 i = = = i
| [ D382 7.12 200 5.12 55 OO ) A - B | |
D-GGT1 TAT 2.90 4.26 ! | |
D-GT2 .17 2.95 4.21 I s e e F =F= i
O-TFA1 23 #NUNM! EMLIMI o e — ——
OTF2 | 723 | #NUMI | #NUMI ' ! B
[ [ |_O-S51 117 ENUM! #NUM! R 3 T T T
R 7.12 FNUM] #ENUM] . N N S —r 1
O-GT1 | 717 1.70 547 ' =
B S e 5 IEEEET
o =g ! £ i , To Page No.
Witnessed &Understood by me, Date Invented b}: Date
& i W/



J,a

Project No.
Book No.
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Eﬁect of 7% Dzone on Bac:ﬁus Thuringiencis Embedded in Sucrose After a Previous Wash Step
Coupons: Stainless Steel 316, Glazed Tile, Teflon -
Contact Time: 120mins R
Samples 2 3 4 5 ] 7 9 avg count| |
ontrol - TF 47 8 1 A3E+H07 | ——
49 5 _
Conrol - 55 83 15 1.90E+07
56 2] =1
Control - GT 50 g 1.20E+07
39 5
D-TF1 1 0 S5.00E+01 | |
. 0 0
ED-TE 1 0 500E+01|
] 0 0 I
D-351 1 0 5.00E+01 [
0 0
0-552 2 0 1.05E+02
0 0 s
? D-GT1 18 0 2.30E+03
j 18 1 —
i D-GT2 13 1 4.70E+03
L 1 7
- |
____O-TF1 0 0 0.00E+00 ||
i 0 0
0-TF2 0 0 0.0DE+00 |
0 0 —_—
0-551 0 0 0.00E+Q0
0 0
0-352 0 0 0.00E+00
0 0 |
0-GT1 1 0 5.00E+01
G 0 =L
0-6GT2 0 0 0.00E+00
0 0 3
log [avg log (avg log
Samples control) count) | reduction et} e
D-TF1 7.05 1.70 5.35 | | -
D-TF2 7.05 1.70 5.35 N | [
D-251 728 1.70 G 58 Y S S S EE
D-552 7.28 2.02 526 | -| | | | [k [ [ [ |
D-GT1 7.08 3.36 3.72 ' | | '
D_,GT2 ?03 367 341 1 P - 1 ] , { = __i_____.i —}
O-TF1 7.05 H#NUM! #NUM! LS [ I Y o S '_| |
O-TF2 7.05 #NUM!_|_#NUM! | | | || |
0-851 7.28 #NUML | #NOML_ [ T T 1 1 1 | | =
0-552 728 #NUM! #Nom |1 | | | LR ] | L
0-GT1 7.08 170 5.38 | | L B
0-GT2Z 7.08 #NUML | gNOMI | | | i N '
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i Effect of 7% Ozone on Bacillus Thuringiensis Embedded in Sucrose After a Previous Wash Step
Coupons: Stainless Steel 316, Glazed Tile, Teflon i
Contact Time; 120mins -
Samples 2 3 4 5 6 7 8 9  lavgcount|
Control - GT 50 14 1.58E+07 |
46 8
D-GT1 14 1 2.95E+03 |
25 1 I
D-GT2 16 1 2. 90E+03
22 i
O-GT1 1 1] 5.00E+01
0 0 I
0-GT2 2 1] 2 00E+02
E = 4] It
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Comparison Tables of Ozone Gas’ Effect on Various Food Contact Surfaces
Embedded Containing Sucrose Embedded with Bacillus Spores

O Bacillus Cereus

B Bacillus Anthracis Sterne

M Bacillus Thuringiensis

1.40

1.20
1.00 +

0.80 1

0.60 1

0.40 1

0.20 1

Average Log Reduction (cfu/ml)

0.00 . T . .

Stainless Steel Teflon Glazed Tile
316

Contact Surfaces

Figure 4.5. Logio Reduction of 7%w: Ozone on B. anthracis sterne, B. cereus, and B.
thuringiensis Embedded in Sucrose on Stainless Steel 316, Glazed Tile, and Teflon



B Spores Suniving After EnforceTM Exposure
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—a— Initial Spore Count

12.00
~ 10.00 + A A A A
E
=}
5 8.00 +
3
= 6.00 +
>
z
o 4.00 T
[@2]
ht
2.00 +
0.00 :
Teflon Coupon with Teflon Coupon with Glazed Tile coupon Glazed Tile Coupon
120min Contact 48min O3 flow  with 120min Contact with 48min O3 flow
Time through and 20min time through and 20min
N2 flush N2 flush

Figure 4.6. Logio number of Surviving B. anthracis sterne 34F2 Embedded In Sucrose
on Teflon and Glazed Tile Coupons after Enforce™ and 120min O3 Exposure or
48min Ozone Flow Time and 20min Nitrogen Flush



B Suniving Spores after EnforceTM Wash Step
[ Sunviving Spores after Ozone Treatment
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Figure 4.7. Logio number of Surviving B. cereus ATCC 21281 Spores Embedded in
Sucrose on Glazed Tile Coupons after Enforce™ and 120min O3 Exposure or 48min
Ozone Flow Time and 20min Nitrogen Flush



B Suniving Spores After EnforceTM Wash Step
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Figure 4.8. Logio number of Surviving B. thuringiensis ATCC 33680 Spores Embedded
in Sucrose on Glazed Tile Coupons after Enforce™ and 120min O3 Exposure or 48min
Ozone Flow Time and 20min Nitrogen Flush
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