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1 ) - : NCFPD Overall 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 T %

vaporized/gaseous sterilants (vaparized hydrogen peroxide, ozone, chlorine dioxide and formaldehyde) to ||

eliminate remaining spores in food residues attached to processing surfaces atter cleaning treatments.

Optimization of this potential non-invasive cleaning-sanitizing strategy for removal and

inactivation of B. anthracis (Sternce 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 itemns, T 1=

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

[ | - Objectives: To compare the effects of various vaporized and gaseous sterilants to sanitize cleaned
-—I— ! surfaces in scaled-up, simulated but near-real world situations, :
I

£ e

‘ ' 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) | _|_
— embedded in complex food matrices on different food contact surfaces and the ability of cleaning

regimens (o remove spores in food (Xie e 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 al., 2007).
o Sanitizing technologies to be included in this phase of the study include: vaporized hydrogen
| | | peroxide (Heckert e al., 1997; Rogers ¢t al., 2005), ozone (Kim et al., 1999: Aydogan and Gurel, 2006),

| | chlorine dioxide (Kreske e al., 2006b; Ryu and Beuchat, 2005), and paraformaldehyde (Ackland ef al.,
T 1980). Although ozone has been used as an anti-fungal fumigant applied to stored cereal crops (Allener — ||
— | al, 2003; Wu et al,, 2006), its use for facility fumigation has been rarely reported. Pan et al. (1992}

: reported that application of 600pprm 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 =t
effective against Bacillus spores even at 10,000x% higher concentration. |

— Sanitizer challenge T I
1 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 | |

sterilants, or their equivalents, will be considered: Ozone (American Air Liquide - proprietary on-site —i—-
generation) .

References =

I Peter J. Slade, Ph.D. Year 4 Project Proposal for: Validation of Methods for
' ~ Decontamination of Food Processing Equipment and Facilities Deliberately
—1 i —— Contaminated with Bacillus Spores (2007), =

| i | Funding: National Center for Food Safety and Protection (NCFPD) _ | |
| | | T 7 T : - : - - ..
L] I . ! L] | _ | | = - | | To Page No.
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| I 1 I i 1 | i i 3 i i i i | [ | I
- In 2001 a terrorist attack of distributing anthrax through the mail brought atu-‘lzmism to the country
- that the use of spores as a weapon was feasible and the realization that steps have not been added
. inresponse to these possibilities. The food industry as a result began taking great strides in order 1
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 T
__ 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
spores. In order 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 anthracis’ extremely virulent nature, surrogate strains will be used in this study that
__ | may be similar o Bacillus anthracis. These strains are Bacillus cereus ATCC 21281, Bacillus Ll
___| thuringiencis ATCC 33680 , and Bacillus anthracis (Sterne strain). Food matrices that will be ’;“' ™
i used are pancake mix, peanut butter, infant formula, vegetable oil, and a sucrose solution. [

E| B
_{ The use of ozone as a sanitizer for inactivation of Bacillus spores has been explored using b do o
| different surfaces, but few studies have explored how it affects spores embedded in different

- | 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 ¥ S
— 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 VEery important in

| san_itizing. In order to determine this, an ozone delivery system must be designed to safely
—[dehver and destroy the ozone.

_ Due to ozone’s instability and potential deadly affect if inhaled at a high dosage, it is important

| foconstructa process (o 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, . - I
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i 1
1.0 Purpose and Scope

2.0 Responsibility

3.0 Hazards and Safety Considerations L

4.0 Equipment and Supplies

*® @ @ & @ o @ »

omféﬁLﬂWLM@ww 1]

1.1 To safely startup and shutdown the ozone system for delivery and destruction to the |
anaerobic reaction tank

2.1 The scientific personnel that carries out this procedure L

3.1 Ozone is toxic to humans and should be contained and destroyed effectively T
3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxyegen
cleaned

3.3 Oxygen analyzer should be used to ensure less than 23% is being released into the
atmosphere

Oxygen tank

Nitrogen tank

Ozone Generator (Ozonia/CFS-1 A)

Buffer tank (10gal pressure vessel)

Ozone Analyzer (IN USA/H )

Ambient Ozone Analyzer (IN USA/IN2000L2-1.C) |
Anaerobic Reaction Tank (Schiitt Labortechnik/stainless steel) f 1|8
MnO; Destruction tank ]

Humidity tank, excess water tank, and destruction tank (Ace Glass/500ml Gas washing |
bottle)

* Stainless Steel piping (Valex 316L, Specification 301, % in) | |__
| e Ball Valves (Swagelok/SS-42GS4-SC'1 1) N
- ®  Needle Valves (Swagelok/SS-4MG-SL-SC] 1)
7 Pressure Release Valve (Swagelok/SS-R1.384/SC1 1t _| [
| ® Pressure Gauge (Blue Ribbon Sales & Service Corp/BR4001-4LD, oxygen cleaned) -|—|—|
L | | | | = PVDF Tubing (McMaster-Carr/5390K 342, 3-A sanitary tubing) e
* Butterfly Valve (McMaster-Carr/4682K 74, % in connections) 4 - .|._
¢ Check Valve (Swagelok/SS-4C-1-SC11 ) | [ |
* Flowmeter (Memaster-Carr/8051K17) ||
* Nylon Tubing (McMaster-Carr/5112K653, 3/8in OD) [T .
¢ (Oxygen Detector (McMaster-Carr/18995714) | | I—
*  Vaneometer . : | D
S O O i o !'_:‘_\__
| | , EEEENEN
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5.0 Operational Parameters L —t 1 | —— Tt e N N I i—l—
| * Humidity tank volume: 250m] .
P < KIDestruction Tank volume: 300mL Ki solution (40g/L) NN
| o 12g KI/250ml H.O L]
_l_ | - | |_ i

6.0 Operational Procedure —
—— | 6.1 Turn on the following: smilbosd |
. | 6.1.1 Fume Hood || ]

o —|I 2. Refer to vaneometer to ensure that air is flowing upward into the fume hood _'| T _| i
|' 0.1.2 Ambient ozone analyzer N e =

T 6.1.3 In-line ozone analyzer B N
|

- -

S 6.2 Ensure needle valves are set correctly according to SOP: MC-SA-SOPO0S-V0] _|_J_ |I |
N ———

T i 6.3 Calculating the Volume of Gas in the 07 and N3 Cylinders UGN (-

3 |_ = 6.3.1 Determine pressure within the cylinder by referring to the gauge connectedto | |

2 [ the cylinder |

Bl 6.3.2 Calculate the volume of the cylinder using this ratio by solving for x: ] __| I" T
| ,. ——i— —— —I|— -

|_ I 2600 psi _ gauge pressure (psi) ———1

| _.' ) 300 /#° x ft° : ==

6.3.3 Record the gas cylinder volumes in the log book located in Lab 105 o
| A 6.3.4 If volume is not sufficient for experimental run then refer to the e
[ ] disconnecting 0; and N, cylinders SOP (MC-SA-105-SOP003-VO1) |
——
—

[
; *This should be done before every experimental run

e L

| 6.4 Flushing the Anaerobic Reaction Tank ] |'
6.4.1 Ensure the following valves are closed T
T a. PR1-2and BV 1-11 —t—f—
= 6.4.2 Open BV6 ——— =

— 6.4.3 Open BV3 L]
L | ] a. Switch the orange lever to the open position 11
| 6.4.4 Set PR2 to 10 psi s

I. a. Flow rate: 5 L/min

| 6.4.5 Allow nitrogen to flow through the Anaerobic Reaction Tank into the K1 =273 (N [

— { Destruction Tank A4 |'
1. 6.4.6 Verify flush time with ambient ozone analyzer by placing tubing Bk 5T
' perpendicular to the exit port of the KI Destruction Tank !
a. Ozone concentration should be zero i
—- =t 6.4.7 Stop nitmgﬁ:nlﬂow by setting PR2 10 zero

IREE eSS '_.'_f_i”_i'*'*iL:]'_

SRR NN

bl | oS |||.|—||TI|.|[.|||Ii|7_||ITOPEQ?N;_____
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6.4.8 Close valve BV3
a. Switch the orange lever to the shut position

6.4.9 Close valve BV6

— 6.5 Setting Parameters for the Ozone Generator
6.5.1 Turn water supply on
a. Constraints:

Flow: 1.5 Limin
Pressure: not to exceed 50psi
Butterfly valve open to 40°

a. Screen should read: MAINS ON-» SYSTEM CHECK
6.5.3 Select desired language (English, German, Latin, French, Italian, Spanish)

a. Continually press SET POINT until desired language is displayed

6.5.4 Wait 5 seconds to allow the ozone generator to set the language
6.5.5 Ensure SET POINT is set to LOCAL
a. Screen should read 0% LOCAL., PSU OFF
6.5.6 Open oxygen cylinder
6.3.7 Set PRI to 50psi by turning the regulator knob
6.3.8 Open valves (located under table)
a. BY2

b. BV]

6.5.9 Set pressure on the generator to 1.5bar using the PCV 201 dial
a. Refer to PI 201 pressure gauge

0.5.10 Turn power supply on by switching PSU ON (located on ozone generator)
a. Screen should read PSU ON

6.5.11 Set gas flow by adjusting the HCV 201 dial located on the front of the

generator
6.5.12 Adjust pressure and gas flow to desired parameters

6.5.13 Increase %PSU by pressing the SET POINT button.

6.6 Checking MnO; Effectiveness
6.6.1 Ensure BV2 is open
6.6.2 Follow ozone generator startup procedure

perpendicular to flow to the exit port of the MnO- destruction column

a. The analyzer should read 0.05ppm or less
6.6.4 Record concentration in the log book

6.6.5 Using temperature probe determine temperature of the gas at the exit port
a. Do not touch column — it may be hot

6.6.6 Record information in the log book

6.5.2 Switch on (MAIN-ON) ozone generator and wait until the screen turns green Ml

6.6.3 Place tubing connected to the ambient ozone analyzer (Model INZ000L2-LCYy |

i ! — | A R I LS < A e
! L1 ) el | ‘ L] |
| i1 | | | || ToPage No.
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N T 1 1 1T 1 | | L | |
| | | ' | - . ! ' | i 1 1 | S -
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I — 6.6.7 If concentration exceeds 0.05ppm immediately switch ozone generator I | | |
- S MAINS OFF. If the concentration is below 0.05ppm continue with the T 1 | 1
EL | | following steps — ]
| 5 a. DO NOT OPEN COLUMN -> MnO; requires special handling L | .
| 6.6.7.1  Notify Ed Steiner (NCFST Director of Facilities and Pilog | |
— Plant) and Vaushi Rasanayagam (Air-Liguide) '_i' '|_' |
| 6.6.8 Open BV7 and allow ozone to flow into the Buffer Tank ——t —|—
| | | 6.6.9 Close BV2 I T 1
| 6.6.10 Pressurize tank to 5 psi i |_| l 1
T 6.6.11 Open BV2 ' | ] |
o 6.6.12 Close BV7 SERR D
[ _J[_ S B Sl
_| |67 Checking KI Destryct Tank Effectiveness N L
7 I 6.7.1 Open BV6 || |
_i i 6.7.2 Open Bv4 1 |_|
g | | 0.7.3 Open BV10 — 1 | —=
| 6.7.4 Open BVS _| S =515
| i 6.7.5 Allow ozone to flow through the K1 Destruction Tank b ‘_
| 6.7.6 Place tubing connected to the ambient ozone analyzer (Maode] IN2000L2-L.C) j [ |
_%_ [ | at the exit port of the KI destruction tank —F |_| |_
| | a. The analyzer should read 0.05ppm (o G e
T 6.7.7 Close BVS f"”””’"rf_}'f | !
| i i 6.7.8 Close BV10 e l_! |_
- 6.7.9 Close BV4 e
| || 6.7.10 Close BV6 e
|| 6.7.11 Record effluent ozone concentration in log book - - -
N1 | 6.7.12 Tf ozone limits exceed 0.05ppm follow the next steps otherwise skiptostep | _i_ | N
o 6.7.18
_!_ |_| 6.7.13 Remove KI Destruction Tank from the system —|_ | N | =
£l | 6.7.14 Dispose of the KI according to safety procedures —— i |— B
Il | 6.7.15 Refill with new K1 solution | S I -
T 6.7.16 Reattach KI Destruction Tank to system || | |
| R | 6.7.17 Follow the Flushing the Anaerobic Reaction Tank procedure T T 1
i 0.8 Achicving Desired Concentration — |_ | —l
ET 6.8.1 Open BV3 414
—+— 6.8.2 Open BV11 ]
e 6.8.3 Open BV T T
_SENp 6.8.4 Open BV7 S
' 6.8.5 Close BV?2 . | ___| S L
L G [T T T T a | T NN
IREE NN EEE L T
B ! | B fi]| | ] B | | ToPageNo.
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! 6.8.6 Allow ozone to flow through the H1 analyzer at 0.5L/min until desire
' concentration is achieved

— a. Adjust %PSU and flow rates as needed

- b. Monitor the flow rate on the analyzer to ensure it is exactly 0.5L/min. You
o may have to adjust NV2 and BV3

| | i ¢ Monitor G1 on the buffer tank to make sure it remains Zero

L L b 6.8.7 Close valve BVS 18
1 6.8.8 Close valve BV11 .
il 6.8.9 Close valve BV3

| 6.8.10 Pressurize buffer tank to 5psi |

i} £ a. Refer to G1
T i 6.8.11 Open valve BV2

A /I L 1T £.8.12 Close valve BV7

i | 6.9 Stopping Gas Flow
1 | | 6.9.1 Reduce power supply to 0% LOCAL by pressing the down button for SET
+— POINT
6.9.2 Tum off ozone generator power supply by switching to PSU OFF
4. Screen should indicate: PSU OFF and PURGING time

1 1 1 b. The screen background should be orange .:
‘_‘__ and remove the :

6.9.3 Allow for the equipment to purge the system with the feedgas
residual ozone in the generator

a. This process runs for 90s !
6.9.4 Once this is completed the screen will turn green and read; PSU OFF and [ |-
POWER 00000kw
£.9.5 Set ozone generator pressure 1o zero
a. Adjust by turning PCV 201 dial
6.9.6 Stop oxygen flow into the ozone generator
[ a. Set PR1 to zero
—i- b. Close valve BV1
6.9.7 Close valve BV2

1 1 6.10 Experimental Run
S—p—t= 6.10.1 Once desired concentration is achieved open valve BV6
6.10.2 Open valve BV4
| 6.10.3 Open valve BV 10
_ l 6.10.4 Open valve BV
il i i T il 6.10.5 Allow ozone to flow through the anaerobic tank
i T e o o 6.10.6 Close valve BV6
6.10.7 Pressurize anaerobic tank to 1.4psi (0.1bar)
a. Refer to G2

—

T

1 | | — - Qo b3
. . = ] ] | | | | | : [ |
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6.10.8 Close valve BVS - IR =
6.10.9 Close valve BV10

6.10.10 Close valve BV4

6.10.11 Perform experimental run

6.10.12 Refer to Step 6.4 for flushing the Anaerobic Reaction Tank
6.10.13 Remove samples replace lid securely

6.11  Flushing the System
6.11.1 Open valves
a. BV3
b. BVE
6.11.2 Depressurize buffer tank by allowing the ozone to flow out of the tank
a. (31 should read Opsi before continuing
6.11.3 Set PR2 to 25psi
6.11.4 Open valves
+ a. BVI11
. | b.BV9
6.11.5 Allow nitrogen to flush through the system
6.11.6 Monitor the H1 in-line analyzer until the %wt reads 0%
6.11.7 Close valves
- a. BVE
b. BVII
c. BV3
6.11.8 Pressurize buffer tank to 10psi
6.11.9 Close BV9

- 6.11.10 Open valves (in the following order) /

aBV6 - S
| b. BV4 ii‘
1 ¢.BV10 Q +
! d.BVS g
6.11.11 Allow nitrogen to flush through system
a. Monitor ozone concentration released from the K1 column using the
ambient ozone analyzer ensuring that 1t does not exceed 0.05ppm

e — b. If the concentration does not exceeds 0.05ppm continue with Step 6.11.17
6.11.12 If concentration exceeds 0.05ppm immediately close the following valves:

a. BV8
b. BVID

= c.BV4

- d.BVé6

6.11.13 Remove both KI destruct columns from the system

6.11.14 Transfer the KI waste into the designated waste container

e | ' To Page No. —

essed & Unhderstood by me, Date Invented by: Date
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L[] e L | | N | L] |.__‘
ST T 11 ] | NEEEEN
| ' ol S T R I R R = T | I I =
S e ST 6.11.15 Fill the bottles with new KI solution and then continue with Step6.11.18 |
el 6.11.16 Open BV3 -
| | 6.11.17 Close valves (in the following order)
| aBV10 |—| [
1 | 1 S bRV LAl B .
—e=== 6.11.18 Allow remainder of nitrogen to flow out of tank ) [ .
7 gl a. Make sure G1 reads Opsi ]
' 6.11.19 Close L
a. BV8 |_| B S
= b. BV3 —
6.11.20 Set PR2 to 10psi L
|

a. Flow rate: 5 L/min |_ !

[ 6.11.21 Open valve BV to remove humidity in the anaerobic reaction tank S I
a. Switch orange lever to open = | e

I 1 6.11.22 Allow nitrogen to flush through the tank for at least 1.5min

| | 6.11.23 Set PR2 to zero

]
| 6.11.24 Close valve BV3 I |
e ( a. Switch orange lever to shut position —| |—

6.11.25 Allow Anaerobic Reaction Tank pressure to reach Opsi i1
a. Refer to G2
6.11.26 Close valve BV6

| 6.2 If performing another experimental run return to Step 6.5.5. If the experimentation is ——— | B =
=i done for the day, continue with step 6.13 | o

i 6.13  Shut Down Procedure (ance all experimental runs are completed) i
! 6.13.1 Switch MAINS OFF ==
— 6.13.2 Turn off water supply |
__| b, a. Close butterfly valve
| 6.13.3 Close gas cylinders by turning the valve

| ' a. Nitrogen : N
]

b. Oxygen S ' |

. 6.13.4 Turn off analyzers

I a. H1 (in-line) INEE
' a. Ambient analyzer BB

6.13.5 Turn off fume hood ;4 T T3

| I i P P (| = P4 S N PR R [ R IS S R

1 : T T I ] |

T N P

e | ‘ i o g NN - BN 1|

|n|IJ | - |||
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BTLE _ Rronl Aa
om Pag MOFFETT CENTER o Page 1 of 3
i | | Title: Author:
Determining the effect of Nitrogen Gas on spores dried on Kerri C. Cooper
1 various food contact surfaces
i Document No.: MC-QA-105-50P-012-V01 Effective Date:
| March 5, 2009 B
_| 1.0 Purpose:
To determine the effect of nitrogen gas, if any, on the inactivation of dried Bacillus
. spores on various food contact surfaces.
' 2.0 Responsibility
T The scientific personnel that carries out the experiment.
it 3.0 Hazards and Safety Considerations
¢ Operator must follow all safety instructions for the Ozone Delivery System
e Spores of Bacillus anthracis (sterne) strain will be used
-+ 4.0 Equipment and Supplies
# Sterile Conical tubes containing 10 glass beads (diameter 2mm)
e Sterile forceps
R e Sterile de-ionized water (dH,0)
i s Trvptic soy agar (TSA)
- ¢ Buffered Peptone Water (BPW) (9mL/tube and 10mL/tube)
il # Shaking water bath ( Thermo Haake/SWB25)
5 e Incubator (Imperial 111)
o Bacillus anthracis (sterne strain) suspension (solved in 50% ethanol)
R | ¢ 10 mm coupons (stainless steel 316, Teflon, glazed tile)
| « | N NaOH Solutipn -
- e Nitrogen Gas (99.9%) il
¢ Bio-safety cabinet (BSC) i i
R | e (Ozone Delivery System ke
7 5.0 Operational Procedures
— 5.1 Preparation of coupons:
R | 5.1.1 Place 4 coupons of each type in a sterile petri dish
5.1.2 Load the coupons with 0.1mL of spores
[ 5.1.3 Place the coupons in the refrigerator to dry for 4hrs
5.2 Analysis of Control Coupons (6 stainless steel coupons)
. 5.2.1 Place each coupon in a conical tube filled with 10 sterilized glass
N beads and 10mL of BPW
= 5.2.2 Vortex the sample for Imin
k| 5.2.3 Heat shock the conical tubes in a water bath at 80°C for 20min
5.24 Remove conical tubes from water bath and place them in ice
H;0O for 2min
I 525 Conduct microbiology analysis and plate on TSA :
| . L | 10 rage No. —
’Jndersta me, Date Invan%fd by: Date
o
' i Recorded by: /%3
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R

=it PRSI |

525 -]ncuhaﬁ: for 24hrs at jE”C

i MOFFETT CENTER _ | Page 2 of 3

'[ Title: - Author:
Nitrogen Gas Effects on Bacillus anthracis (sterne) strains | Kerri C. Cooper

inoculated on various coupon surfaces

Document No.: _ Effective Date:

March 5, 2009

AET
f(‘/ 5.4 Day2
. _hQ

= 5.3 Analysis for Nitrogen Exposed Coupons

—— 5.3.1 Place the coupons in the Anaerobic Reaction Tank (2 coupons for each

coupon type)

3.1 Pressunize the tank with nitrogen to 0.15bar

3.1 Allow the coupons to be exposed to the nitrogen for 1hr

3.2 Remove coupons from the Anaerobic Reaction Tank

3.3 Place each coupon in 10mL of BPW with 10 sterilized glass beads
5.3.4 Vortex for Imin

5.3.5 Heat shock samples in water bath at 80°C for 20min

5.3.6 Remove from water bath and place in ice H;O for 2min

5.3.7 Conduct microbiological analysis and plate on TSA

5.3.8 Incubate plates for 18-24hrs at 32°C

54.1 Remove plates from incubator
54.2 Count colonies
543 Record data in lab notebook

- 6.0 References and Supporting Documents
1 I. Cooper, Kerri. Ozone Delivery System P&ID (Draft 11). December 2008.

2. Nitrogen Material Safety and Data Sheet (MSDS).
< http://awisco.net/ MSDS/Nitrogen.pdf=.

3. Oxygen Material Safety Data Sheet (MSDS). <
http://www.rsbs.anu.edu.aw/O2/pdf/Air%20Liquide%20MSDS8%2002.pdf>.

4. Ozone Material Safety Data Sheet (MSDS).
<http://www.ozoneapplications.com/info/ozone_msds.htm>.

5. Ozone Safe Working Practices. Work SafeBC.
<http://www.worksafebc.com/publications/health_and_safety/by_topic/assets/pdf/

| - - pzone bk47.pdf=,
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Nitrogen Gas Effects on Bacillus anthracis (stern) strains

inoculated on various coupon surfaces

Kerri C. Cooper ! - :

Document No.: Effective Date: ! ' —
_ March 35, 2009 ; I -

6. Xie. P. 2007. The Effectiveness of Cleaning Procedures to Remove Food |

Matrices Containing Bacillus Spores on Food Contact Surfaces Before Sanitizer gt |
Application. M.S thesis, IIT, Chicago. ,://Qu | |

Media Recipes & SOP’s .
MC-QA-314-RCP08-V01 [ T
MC-QA-314-RCP012-V01 | -
MC-SA-105-SOP001-VO1 |
MC-SA-105-SOP002-VO01
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L e e T R

Determination of Nitrogen Effect on Bacillus Spores
Inoculation Parameters: Bacillus anthracis (sterne) strain
' Coupons: stainless steel 316, Teflon, Glazed tile Date! 3!‘5‘;-'0‘1
Food matrix: sucrose Contact Time: 30min
Samples 3 4 5 6 7 8 ]
C-GT-A 72 15 -,
(s 2 1O 3
C-GT-B a5 E; ¢
| [ &
C-TF-A S | |
59 1l 2
C-TF-B 7l |7 3
74 |2 ]
C-S&-A 71 L9 2
(/] 2l I
C-55-8 o 14 ]
49 (2 I
GT-A M T T a3 Lol oo 2
- 1. I ! 25 7. L0 I
GT-B T = 1 305 162 8 {2
E 5, T T 252 (115 29 |
TF-A = B T T 152 (o 2 fi L
1 T i | L4 2 5V 1 1
TF-B T T T 134 732 a |
s =k 2 3 e | 0 |
SS-A 7 il T T 2%0 e X 1
s 5/ 1 T 235 g2 L 0
SS-B X 1 ] {3 21 9 |
T T = i j2) (rk ,';? J
To Page No. =
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Run 1 Calepledons | 44
Determination of Nitrogen Effect on Bacillus Spores —i—
Inoculation Parameters: Bacillus anthracis (sterne) strain N |
o Coupons: stainless steel 316, Teflon, Glazed tile
B | | Food matrix: sucrose Contact Time: 30min _ i |
_/<~.§amglgs _ 3 _ 4 | 5 6 7 | 8 | 9 avg count| |
C-GT-A | _ _ _ 72 15 2 442E+09 |
1 _ _ 62 10 3 | .
C-GT-B | 58 [ 13 4  582E+09| |
_ 69 | 1 4 ——
C-TF-A ' | 8 | 12 1 3.19E+09 _|_
' _ _' 85 | 11 2 _
C-TF-B | 71 17 3 | 416E+08 |——
' _' ' LT 12 1 ,
1| C-88-A | _ | T 19 2 | 4.1BE+09
| | | L8 21 |
C-SS-B | _ 62 | 14 1 2.86E+09 |, | |
- _ _ _ 49 12 1
E || GTA T T ' T 223 | 87 = 22 2 4.03E+09 i
T T i 251 7210 1 |
GT-B T T T 305 | 162 8 0 ' 403E+09| |
. T T T 282 | 115 29 T | .
TF-A T T T 152 62 7 2 | 31ME+09 | +—1+—
1 T T T 142 50 | 1 1
——| TF-B T T T 13 | 72 | 9 1 2.78E+09
F T T 121 89 10 ; T
SS-A T T T 280 110 11 1 | 235E+09 || 1=
T T T 285 82 | 11 0 |
1 SS-B T T T 123 | & 1 | 265E+09 | T |
T T T 11 | 82 | 8 1 3
Samples _ log (control) log(samples) = log reduction | | | Loy
GT-A 965 | 961 0.04 _ ' _ !
- GT-B 976 961 | 0.16 _ _ _ | T
TF-A | 950 | 9.49 0.01 e
1 TF-B 962 9.44 0.17 | |
= SS-A | 962 937 0.25 |
i Ss-B 9.46 9.42 0.03 — T
L || Fom théobove cda it dan be concludad there | s ne ap;hfdrttgf effepr| | 14
L | | of Mf'ﬂﬁm_an%m Spres This experiment, wiill be repected fir accwaey. ||
i To Page No. ——
Witnessed & Ugderstood by me, Date Invented by: Date
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Determination of Nitrogen Effect on Bacillus Spores
Inoculation Parameters: Bacillus anthracis (sterne) strain

Coupons: stainless steel 316, Teflon, Glazed tile
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%’ Food matrix: sucrose Contact Time: 30min
/ Samples 3 4 5 6 7 8 9
C-GT-A (o 0 1] 7
(o 2 X 9
C-GT-B o100 |2 3
o3 |8 -
| | CTF-A 5 H q 0
: Gl 1l i |
| C-TF-B (o4 10 [
' 721 g I
C-SS-A 75 24 O
(9 L& |
C-S5-B E:; \ ;}i [
2 &
GT-A E T 5 319 (e £ 3
1 T 1 239 71 1S L
| GTB T = T 2.52 133 e @]
T 1 1 211 [0 6 al 2
TF-A T T i 134 57 (7 l
: 5 T 5, 142 4] 10 |
TF-B < i ) = 1 1S (3 | d |
28 I ¢ 5 £} 102 (0 12 & |
SS-A T P e 7 2LS S 1 O
T T g i 294 50 149 s
=8 1 1 1 i TG (] q 0
- 3 T T 14922 |  63 5 !

No. —
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L | - _ Kun & (alewdadons
1 Determination of Nitrogen Effect on Bacillus Spores
Inoculation Parameters: Bacillus anthracis (sterne) strain
Coupons: stainless steel 316, Teflon, Glazed tile
Food matrix: sucrose Contact Time: 30min
Samples | 3 4 5 B 7 8 9  avgcount
C-GT-A _ 60 11 2 5.06E+09 |
_ | . B2 8 5
C-GT-B | _ _ | 57 | 12 3 5.60E+09
——| C-TF-A | _ _ . 54 9 0 2 61E+09
R | _ . 67 11 2
C-TF-B _ _ . B4 | 10 1 2.58E+09
1 _ _ | T 8 1
| | c-S5-A _ _ | 75 24 0  286E+09
| _ 69 18 Y
| css-B | _ 77 12 1 2.83E+09
| 58 | o 0o
GT-A T ¥ T 315 | 62 _ 18 2 | 4.14E+09
i T T T 338 | MM | 15 1
- GT-B T T T 252 | 138 s 0 3.B3E+09
T T T 271 | 106 | 21 2
TF-A T T T 134 | 57 _ B 1 2.46E+08
T T T 142 47 | 10 1|
| TF-B T T T 115 63 12 1 | 2.42E+09
T T T 102 &0 12 0
1 58-A T T T 265 105 7 0 . 2.60E+09
: T T T 294 | 50 | 14 |
55-B T T T 115 B4 _ 8 o 2.36E+09
I T T T 142 43 15 1
| | | . 3
Samples log (control) log(samples) log reduction _ _ _ _ ik
| GT-A  g70 9.62 009 —
GT-B 8.75 8.58 0.18 T
TF-A | 942 939 | 003
— TFB | 941 = 938 | 003
1 SS-A = 946 | 942 0.04
55-B 9.45 8.37 0.08
b | Thig Dlo:}'qi d|56 8haws ro Nitrooen f#fr:% an beﬁ Thewhote 145
| conCluded +hat Hhel Aitrogen ol n.emf be_taken| into| account- |
|| in+he +f.(,w“~j &ﬁr;m&mls I | I
: . To Page No. —
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| MOFFETT CENTER Page 2 of 6
Title: Author:
Calculating Parameters for the Ozone Generator to | Kerri Cooper
Achieve Ozone Concentrations L8

Document No.: Effective Date:
March 2009

! 5.0 Operational Procedure

' 5.1 Determined the ozone concentration for the experimental run.
[ (i a. Knowing the concentration that should be achieved for the experimental run
use the following graph to determine the humidified concentration; I
('Jraph 1: Relationship Between Humidified Ozone and Calculated Dzone

Validation of Relationship Between Humidified Ozone and
Calculated Ozone

.
s
i

y = 1.3541x + 0.063 . |
R = 0,0843 | .

-
L8]

iy
L]

=]

Caleulated Concentration (%wt)

| ;( 0 & : - p
{ = 0 = 4 8 a 10

‘ Humidified Concentration (%wt) Ul

F—fr=—t— Using this the equation formulated from the graph: y = 1.3541x + 0.063, where x = —
humidified ozone concentration (Yewt) and v = calculated concentration (%owt). T hv:
known concentration is the calculated concentration so put it in the equation and solve for

the value of x. i

To Page No. .
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b. Use the following graph to find the initial concentration of ozone.

~—— Graph 2: Relationship Between the Initial Ozone Concentration and Humidified
Ozone Concentration

— S ——

- ! Validation of Initial Ozone Concentration and Humidified ~|
Bl | | Ozone Concentration Relationship

10 B

a ) . ¥=1 U..mz"_“ 0.2001
R2 =p.0082

Humidified Ozone Concentration {Yawt)
F-%

| _ Initial Ozone Concentration (%wt) |

Using the value found in step 5.3b, put it into the equation found in Graph 2:
¥ = 1.0002x — 0.2001, where x = initial ozone concentration (*owt) and v = humidified
. 0zone concentration (%ewt). Solve for the value of x.

Note: This concentration is the concentration that will be used in the next steps and will
be the value reading for the in-line ozone analyzer.

il _ | To Page No. —
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5.2 Determining the Electrical Power
5.2.1 Using Graph 3 below, determine the electrical power setting (kW) on the ozone
generator based upon the desired concentration

1 Graph 3: Ozone Generator Power Supply | |

Ozone Generator Power Supply Determination { | B

| o ) ' |‘ 4

e
y =4.7357x +7.1237
R = 0 9884 - | |

40

oy

04— -

Pawer Supply (%)

0 1 2 3 4 5 G T B ] 10
‘ Ozone Concentration (%wt)

. Using the equation: y = 4.7357x + 7.1 237. where x = ozone concentration (Yawt) and y = power
~ supply (%). solve for the value of v.

EEFESdilEEEEEEEEEEEE AR

' - | .| 4 W I T — —_— - 5 L $- 4
s N ' - Ce—
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5.3 Determining the Ozone Generator’s Flow Meter Scale
5.3.3 Using the already determined ozone concentration find the gas flow rate
from the generator

Graph 4: Gas Flow Rate Determination

Ozone Generator Flow Rate Determintion |
I
45 - -
il i y=-1354Ln(x) +4.254 i
35l RE =0 0815 g
E 34—
E
Jda2s5}
2
€ 2
z 1
[=]
2 15
1 |
05 | = =
[
0 - : ! —
i ] 1 2 3 4 5 B 7 B 9 10 |
i Concentration (%) [
Using the equation from the graph above: y = -1.354In(x) +4.254, where x = ozone

concentration (Yewt) and y = flow rate (L/min), solve for the value you y.

5.5 Record all parameters in the Ozone Delivery Svstem Startup Notebook
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T
| Ui?%f $0US Concentredions

] - ln. IR | @ | | v | 4
| |G Hel: Qf.f)_ﬁﬂ'\‘]zlfﬁﬂﬂ%ﬁ@ﬁ;_l mtﬁméﬂé“ d?ﬁﬁmes -
. ol n'[ Mg S | | = e | !
- | _ m | 1 | T ] |

— | : | ——t—t—t—— ! = 1 i | i i
1.0 Purpose: ' il ~
To determine the most effective concentrations in the most efficient time that will Ml
- sanitize stainless steel coupons spotted with Bacillus spores. '

. 2.0 Responsibility T_I o
| The scientific personnel that carries out the experiment.

3.0 Hazards and Safety Considerations |
=t * Operator must follow all safety instructions for the Ozone Delivery System =
i ¢ Spores of Bacillus anthracis (stern) strain were used I_ {1

- 4.0 Equipment and Supplies

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

Sterile de-ionized water (dH20) e ———————
Tryptic soy agar (TSA) |
Buffered Peptone Water (BPW) (9mL/tube and 10mL/tube)

Shaking water bath (Thermo Haake/SWB23)

Incubator (Imperial 111)

Baciilus anthracis (sterne strain) suspension (solved in 50% ethanol)
10 mm coupons (stainless steel 3 16) b
1 N NaOH Solution |
Sanitizer (6% ozone gas)
Bio-safety cabinet (BSC)
{ | * Ozone Delivery System

|

| 5.0 Operational Procedures

T I 3.1 Preparation of coupons:

‘ | 5.1.1  Put 6 stainless steel coupons in a sterile petri dish
| 3.1.2  Load the coupons with 0.1mL of spores

5.1.3  Place the coupons in the refrigerator to dry for 4hrs == S |

e ..lL__I— 5.2 Analysis of Control Coupons (2 stainless steel coupons)

P 3.2.1  Place each coupon in a conical tube filled with 10 sterilized glass T

; beads and 10mL of BPW —
| | 3.2.2 Vortex the sample for 1min |

T 5.2.3  Heat shock the conical tubes in a water bath at 80°C for 20min

E 5.2.4  Remove conical tubes from water bath and place them in ice |

H-0 for 2min ol R S T e

525 Conduct microbiology analysis and plate on TSA 1 ] |

| i ' ] | | ‘ ' | N To Page No. —_
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k- .
5.3 Analysis for Ozone Treated C

|
5.3.1
i

533
534
53.5
5.3.6
5.3.7
5.3.8
5.3.9

3.4 Day 2
5.4.1
5.4.2
5.4.3
| |

Place the coupons in
concentration and cach time limit)

Be sure to follow the flushi
n SOP: MC-SA-105-SOp
Remove 2 coupons per concentration at |
Place coupons in 10mI. of

Vortex for 1min

Heat shock samp
Remove from
Conduct micr

Incubate plates for 18-24hrs ar JARE

Remove plates from incubator
Count colonies

Record data in lab note

L

book

oupons (4 stainless steel coupons)
the Anaerobic Reaction

Tank (2 coupons for each

ng Anaerobic Reaction tank guidelines
001-V01

Omin and 30min contact time
BPW with 10 sterilized glass beads

les in water bath at 80°C for 20min
water bath and place in ice H20 for 2min
obiological analysis and plate on TSA

—r—

L~

o

.~

]
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—._ — il = Determination of Ozone's Effe-::t onlsacmus anthracis (sterne) strain D 3;;5};@ o
- ] - Coupon Type: stainless steel 316 Soanple: fap | T T
| Ozone Concentration: 8% s S|
—| |_ Contact Times: 10min, 30min T
A Jl_'i Samples 3 4 5 [ 7 8 9 j__q
il C-A 13 10 6
| : 71 f i T
C-B ;
T . il [ [::I o D
L | - = 15 - T L |
A 10-A _r’ jr 3 f;g 54 lo 0O é,z i |
i = ; 13 g A =
IR 10-B °F 25 3 4o 7 o e O T“Jr'_
T S J__ ﬂ'e.&.l _ﬁﬁv ,5 ) ) T
N = <t 107 e 45 I q | T i
| | =E [ Lo 4 38 [, r o
Wi il ef 5% _251 56 4 O
: i i i ™ & 262 ) A | T

’{ HEEE 1 0 O O
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|

o'
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Coupon Ty
Ozone

pe: stainless steel 316
Concentration: 8%

Contact Times: 10, 20min

Determination of Ozone's Effect on Bacillus anthracis (sterne)

v ! | |
_I_Duﬁ_f}o ‘HWE \}m odons o

__I.-in.:!'ilﬂ_ibf’_' re?aebc}@d

3 4 5 6 7 8 9 Javg
73 10 0 2.‘3!
—— 77 11 1
o 87 10 0 26
75 7 2 E
T i T 262 54 B 0 1.9
L T T T 285 48 8 1 1
T 253 42 8 = 0 0 2.4
T 221 66 5 0 0 0 N
= T 107 66 45 11 4 1 9.3
L T 110 64 38 18 1 0
T T 73 251 50 4 TR
—1 i T T 262 41 6 i =
- = )g (control) | log (samples) | log reduction
| L] 9.36 9.30 0.06
942 7.39 2.04
9.36 8.97 0.39
9.42 623 0.19

i

r both 1‘(\6 | Sﬁmﬂ‘l ~ JémL.a:n_cnn%ac}; 41 Trt.é]. ‘}‘ii-S ex Iﬁﬁﬁm‘ nt

B
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Determination of Ozone's Effect on Bacillus anthracis {sterne) strain 1 =
Coupon Type: stainless steel 316 i Tw’.ﬁe : ;rﬁnj
: Ozone Concentration: 8% Soreples gadti 8
: Contact Times; 10min, 30min =
| Samples 3 4 5 6 7 8 9
| 2ol 7 g )
— : g7 7 |
- e (07 G 1 i
| 105 [ !
| 10-A i - el L4G 24 ol < 0. —
L —L i 2.4 2 o] | ~
| i 10-B & i o 204 47 e o O
| ot =T T <213 20 3 ] 8] B
5 30-A el 2065 H3 | #, o) (8]
T 250 4l 0 0 0 0
30-B i 0 g 3035 Sal ) ¢ () T
- 21 =5 297 iy 5] 0 O L
|
T C: Control | .
. I L | |
| e | | | ] |
l ! | o l . - ___i | | ...-"'ff-'
| | ’f__,.
— i { e e
|
...... | i e —— =T — 1 _I :
L | -
| il | |
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Determination of Ozone's Effect on Bacillus anthracis (sterne)

Coupon Type: stainless steel 316
Ozone Concentration: 8%
Contact Times: 10, 30min

| achieved.

Samples 3 4 5 6 7 8 9 l|avgl
I C-A &7 3 1 2.52;
87 9 i d
C-B 107 10 1 1.28
B 105 14 1 |
10-4 T T 240 34 2 0 0 1.-2§
[l T i 254 26 2 1 0 |
10-B T T 204 47 5] 0 4] 141
2 ) gl T 213 30 3 1l 0 -3
30-A T 265 43 1 0 0 0| 7.6
T 280 46 0 3] a 0 ‘
30-B T 5 305 o2 1 0 0 9.4°
T i, 297 48 2 o] ] 3
& Samples log (control) | log (samples) | log reduction
10-4 9.42 §.10 1.32
10-B 10.11 815 1.96
30-A 9.42 6.89 253
30-B 1011 7.97 213
| C: Contral
T: Too numerous to count
NN ERENEEEENE | .
154 ! | | | |
TThe dat. cmral fowls Hhat {31 he Jomin_condock hnte &7 logio recluc
_ﬁ Jifm._be_ﬁzbm{ﬁﬂ_a f&ﬁ@x'ﬁﬂ.ﬁ?‘ﬁ 2.35 lopio |1 @m_cqm E achieved Wi
Ouﬁﬁrrll ot MH' Hme. Since "H'If WZEIL‘} on|of 5. . i _i’ﬂc;x;ma%f the current S8
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etermination of Ozone's Effect on Bacillus anthracis (sterne) strain Tpl. 1 3(27/04 _[ | ]

Coupon Type: stainless steel 316 % “m‘P e i) ||

Ozone Concentration: 8% - =
Contact Times: 1hr B

|
Samples 3 4 5 ] 7. 8 0 |__|_
C-A G2 ) ¢ sl

il ! I |
B 168 A ﬁ? -
L% 1 } S I —

A =T =R 195 3l = o o ]

=E i 1 4.3 24 | ¢, a '

B i 3 0 () 0O ] a = T
FEY 2 0 () 0 o} 9i 1 1
C:{fontml M T
i | || | | B S A
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Procedum: See Fa 47 |

Determination of Ozone's Effect on Bacillus anthracis (sterne)

Coupon Type: stainless steel 316
il Ozone Concentration: 8%
= Contact Times: 1hr
Samples 3 4 5 ] 7 B 9 avg
i) S 82 12 T
= 96 15 1 .
C-B 108 16 0 2.5
108 11 1
ol A T i 195 31 7 0 0 |84
T F 143 24 1 0 0 q
B 17 3 0 0 0 0 0 4.4
— 22 2 0 4] a 0 0
F— Samples log (control) | log (samples) | log reduction
| A 9.44 7493 1.51
B .47 465 4,82
C: Control

T; Too numerous to count

—H‘}E 2hr conlec} Lime [5 &howmj 3
|| E{P&ﬂfﬂﬁn{r will bfrE,ﬂft&ﬂ“l ard —H\&L’Dufw&iu]lbi inerased 4o 4.
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L Determination of Ozone's Effe-::t on Bacrﬂ'us anthracis (sterne) strain )

Coupon Type: stainless steel 316 Dede. 3{;"3”'5":{ )
1 Ozone Concentration: 8% (calculated) Seanple A0 & A2)

i Contact Times: 1hr I
L =
Samples HE 3 4 5 6 7 8 9

b C-A SH£C (e ( i
— HrT#C || D] || :
Gh 49 T o
N Tl [ [
C-C 12 b =t =
i [ [5 pe| |
C-D i1 71 |
- [ (9 i 3 T
| A T A3 3 929 = 0 0 & () -
i § A1 S4 £ | 0 v, 0
s B 1 215 A% 7 O @] 0 o)
b 297 4 L 6] 0] O a —
C = °F 2 33 0 &) ) d ol
' 5 = & Lt 3% C 4 () 4
4 D 7 o G 0 8 0 O o —
e 6] ) v @] C 0 G ]
| C: Control "W _ .
' || ! || || _ AC LEL )0
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Determmatmn of Dz-::-ne s Effeu:t on Bacillus anthracls (sterne)
"3 Coupon Type: stainless steel 316
Ozane Concentration: 8% (calculated)
Contact Times: 1hr
—| Samples 2 3 a4 5 6 7 8 9 avg count
C-A 895 9 3 4 49E+09
101 11 2 B
—| CB 99 1 4 4.48E+09
86 10 1
C-C 112 Fi 2 4 26E+09
120 15 2 3
—| G-D 111 5 1 3.80E+09
1 109 g 3 |
A T 223 59 3 0 0. 0 0 1.63E+08
— T 212 54 4 1 0 0 0 |
4 B T 215 58 7 0 0 0 0 1.23E+06
T 297 46 2 0 0 0 0
o T T 212 33 0 2] 0 0 5. 44E+08
1l T 166 38 0 1] ] 0
O 2 0 0 0 0 0 0 0 6.50E+02
g 0 4] 0 0 Q Q 1]
| Samples | log (control) log (samples) | log reduction
e A 9.65 6.21 3.44
B 89.85 6.09 356
C 8.83 6.74 2.89
D 8,58 2.81 B.77
~ C: Control -

— T Toe numerols to count

"_m;&ﬂﬂam D Pl vk ]

AN AVErag
Therelore e ned Eﬁc[:tnr?‘“&rt? pitll use o 9omin C*Grﬂn:f“’l Hme.

o i T
61 r{dac};gnJ Yhe. other amﬂfs (A,8,0) ﬁrcducﬁ:!
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Determination of Ozone's Effect on Bacillus anthracis (sterne) strain

Coupan Type: stainless steel 316 Dede: 41105
— Qzone Concentration: 8% (calculated) Sainple A
N Contact Times: 30min [ ]
TR Samples 3 4 g B 7 3 g i |_
L C-A 14 3 -
] o i
T Cc-B 17 O
B 10 0 -
! C-C 13 1 " ‘
b T 15 J |
b | : £0 7 =t .
I A 0O G O @ @) O ()
- 8 G 4] 0 0 8 0 8] e
Q Q ) 0 @) 0 O Tl
1 c 0 0 0 @] ( dJ o) '
. 0 0 0 d @l 0 8] ——
D 6 g 0 0 4 Q 0
h N [ 0 W) %) ] v 0

I. = i_T-o Péqe NO. —
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] Determination of Ozone's Effer.:t on Bacillus anthracis [sterne] F

— Coupon Type: stainless steel 316

m Ozone Concentration: 8% (calculated) L9
. Contact Times; 90min

B | | Samples 3 4 5 (] 7 8 9 avg count |

C-A 14 2 1.95E+09
N 5 0

I C-B 17 0 1.30E+09 | —
| 10 0

1 c-C 13 1 240E+08 |

== 15 1 s
| G-D 75 14 1.83E+10 E

=3l 80 7
L A 0 0 0 0 0 ~ 0 0 0.00E+00 | —

2] 0 ] 0 1] 0 4] L3
. B 0 0 0 0 0 4] ] 0.00E+00

= | Y 0 0 0 0 0 0 '

L, C 0 0 ] 0 0 ] D 0.00E+00 | —
| 0 1] ] 2] 0 0 0

S D 0 0 0 0 0 0 0 5.00E+01 |

1 0 0 0 0 0 0
" Samples | log {control) | log (samples) [ log reduction —
A 9.28 #NUM! #FNUM!
! B 9.13 #NUM! #NUM!

— c 9.38 #NLM! FHNURM! —
| D 10,26 1.70 8.56 | 19
|
— C: Control ’~

T: Too numerous to count = m |
|| L I ESERNN

— i | | =1 | | | | | ‘ [ i |
ﬁm%m.u ] | |— __- | _| ,&:‘]ﬂ _—|_ |—_
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Determination of Ozone's Effect on Bacillus anthracis (sterne) strain | '
| Coupon Type: stainless steel 316 Dete. H(I 04
= Ozone Concentration: 8% (calculated) Emﬁpiﬁ- 2
' Constraints: 45min O3 flow time, 20min nitrogen flush B
|
il Samples 3 4 5 6 7 8 9
| C-A (4 o
s 0
C-B 17 4]
- /0 O -
| G-C 13 |
R L5 /
- C-D 73 g | —1—
i : g0 B |
A T Zahaan] 54 10 0 )
R T 5 il S5 %l 3 ¥
} B T 3 T (ot 3 6]
0 ui = 40 e 0
k C T T 21 A0 0 0
N | 4T 53 | £7 A 0 O -
D T Al | 54 9 ¢ 0 [ |
R T 212 £S5 [ d 0 N
:“ C: Control | | |
R ,|_____ = |
]
|
L .- Loiel L | s e
] | ! | | To Page No. —
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| Determination of Ozone's Effect on Bacillus anthracis (sterne)
5 Coupon Type: stainless steel 316 3
' Ozone Concentration: 8% (calculated)
Constraints: 45min Oy flow time, 20min nitrogen flush E
Samples 3 4 5 & 7 8 9 avg count
C-A 14 2 1.95E+089
i C-B 17 0 1.35E+09
10 0
C-C 13 1 2AQE+09 | T
L {15] 1
C-D ri 14 1.83E+10
[= 80 7
= A i 295 B4 10 ] 0 3.03E+07 | —
qE T 282 81 3 0
B T F T G4 3 1] 9. 40E+07
2k F T 40 G 0 Tl
C T T 211 20 0 0 400E+07| |
T T 187 22 0 0 |
= D £l 221 84 g 4] 4] TO8E+07 | [ |
i T 212 85 7 g 0 !_
Samples log (contirol) | log (samples) | log reduction
A 9,28 790 1.38
B 9.13 7.97 1.16
= o 038 761 13T =
D 10.26 7.19 3.07
C: Control

Scmpfflﬂﬁfﬁ ociuced_ahétt};& L.: o n,p§

| T I5

o

wirll b

T: Too numerous to count
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L Determmatlnn of Ozone's Effect on Bacillus anthracis (sterne) stram |2 }{J q
E Coupon Type: stainless steel 316 U s naa |1
16 Ozone Concentration: 8% (calculated) éo.r"uFﬁf’ |
R | Contact Times: 20min
| Samples 2 3 4 5 [5 7 8 9 |
g C-A [0 ! | _
[0 0 I
| : Il 3|
| C-B X .I 1
B ' 9 ) '
il G o -
A= C'D ' |'Ilf‘.l‘} |'
- [2 [
A O+ 2+ o
N 0 @)
B B @) 0 a
o o
W C o 0
=— 0 0 L.
- D Oyt O
i 40 +{) D L
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 Procedure : Leak forword 4o pg 47

Determination of Ozone's Effect on Bacillus anthracis (sterne) |
Coupon Type: stainless steel 316 |
Ozone Concentration: 8% (calculated) M i
S U Contact Times: 80min |
|
| Samples 2 3 4 5 6 7 8 9 |avg count |
— C-A 10 1 1.50E+09 =L
10 0
i C-B 11 3 [8B0E+09|
e 18 i N |
i R 9 0 1.25E+09 ,
| 6 1 '
i C-D 16 1 2A0E+09 | — L
L - 12 1
A J+2+1 0 1.50E+02 —
- ad D
_ B a Q (0.00E+00
[T 0 0
—— C 0 0 0.00E+0D ;
| 0 0
| C O+d+4 1] 40002 T 75 3
—i— 2+0+0 0 R
| |
' Samples pg (controby (samplepg reduction =
N 9.18 2.18 7.00 | [
| B 9.54 | #NUM! | #NUM! [Tl
] C 9.10 #NUN! #MNUM! 1
—! D 9.38 2.60 B.78 | |4
~ C: Control o | 5
T: Too numerous to count . /(C/ = i
| - ' I 9 ' | '
i | ! E | | ‘ . r | ; ; ! |
| < | . ! l | | | | | . | || : l
m_f_! —t+—1 ——
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. Determination of Ozone's Effect on Bacillus anthrac!s (sterne) strain i
Coupon Type: stainless steel 316 Dote’ qf'r;')ﬁq
Ozone Concentration: 8% (calculated) 5‘“‘“}" et p22 '
Constraints: 45min O3 flow time, 20min nitrogen flush —
5 Samples ¥ 4 5 6 7 8 % | |
— £A /o |
41 [o 8] W .
C-B [ =
- ; 14 !
G-t 9 @
- & /
W &b : I I
Il | [2 ! i -
A I7] 56 ¥ 6 ;.4
; 14 & H 4 k) J | ]
1. B LR 35 g I
B I3K oY ¢ |
B 149 2 0 8]
: 204 Ho 2 0
L D 2AE0 [0 i3 O
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B | Determination of Ozone's Effect on Bacillus anthracis (sterne) ' 3
—— T ' Coupon Type: stainless steel 316 Tate! 42 f{]'q_ M
_l__ : Ozone Concentration: 8% (calculated) fm.mph’ L A2 | .
| ] Canstraints: 45min O flow time, 20min nitrogen flush -
| |__ Samples 4 5 6 7 8 2] avgcount{ | 1 U
[ -4, 10 1 1.50E+09
| 10 0 T e
R R C-B 11 3 3.50E+09 3
[ | 19 1
|| C-C g 0 1.25E+09) | _IP
1 5] 1 ——n
- C-D 18 1 2 40E+09 | |
12 1
| A 171 36 ] 4] 1.41E+07 | S
148 44 2 1 | IS
B 187 a5 ] 1 1.89E+07 | | '
138 24 4 i | F
S S E 148 29 0 0 G.21E+06
202 40 2 0
| (8] 280 100 13 0 2.08E+07 1
——l— 224 7a & 0 =1 I
— | Samples | log (control) |log (samples)| log reduction e
A 0 N Y e~ 9.18 745 505 |
| | B 9.54 7.28 2o7
T_ = 910 6.79 2.30
- D 9.38 7.32 2.06 !
[ | G:Control =
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ITLE Book No. ;

fom Page No. MOFFETT CENTER Page 1 of 3 |
I | | Title: Author: _T—I_

| Optimizing Ozone Gas Treatment on spores: Varying Kerri C. Cooper : :

=1 . concentrations and contact times b
Document No.: MC-QA-105-SOP114-V01 | Effective Date: 5 .

March 2009 0l -~

1.0 Purpose: |
il To determine the most effective concentrations in the most efficient time that will | i
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
s Operator must follow all safety instructions for the Ozone Delivery System .
s Spores of Bacillus anthracis (stern) strain were used _L
|
|

4.0 Equipment and Supplies

- | ¢ Sterile Conical tubes containing 10 glass beads (diameter 2mm)

' 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)

Incubator {(Imperial I11)

Bacillus anthracis (sterne strain) suspension (solved in 30% ethanol)
10 mum coupons (stainless steel 316)

1 N NaOH Solution

Sanitizer (8% calculated ozone gas) 1
Bio-safety cabinet (BSC) | |
Ozone Delivery System

| " 5.0 Operational Procedures

i 5.1 Preparation of coupons:

_! L 5.1.1 Place stainless steel coupons in a sterile petri dish Ll
| [ ] 5.1.2  Load the coupons with 0.1mL of spores

! ' 5.1.3 Place the coupons in the refrigerator to dry for 4hrs

L | 5.2.1 Place each coupon in a conical tube filled with 10 sterilized glass Ll
|| beads and 10mL of BPW T
[ 5.2.2  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
H>O for Zmin
525 Cundur.:tl microbiology analysis and plate on TSA sideiND
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Title:

Ozone Gas Treatment at Various concentrations and contact | Kerri C. Cooper
times on Bacillus anthracs (stern) strains inoculated on

Author:

Document No.:

Effective Date:
March 3, 2009

5.3.1
5.3.1

532

5.3.3
b ol 534
5.3.5

5.3.6

- 3.7
- 53.8

i 54 Day2

5.4.1
S - 5.4
5.4.3

I i 5.3 Day 1: Analysis for Ozone Treated Coupons

i
| |
L]
stainless steel 316 coupons | ! |
L]
| |
|

Place the coupons in the Anaerobic Reaction Tank e

Be sure to follow the flushing Anaerobic Reaction tank guidelines
in SOP: MC-SA-105-S0OP001-V01

Remove coupons after the predetermined contact time AT
Place coupons in 10mL of BPW with 10 sterilized glass beads Z

Vortex for Imin )

Heat shock samples in water bath at 80°C for 20min -
Remove from water bath and place in ice Ho0O for 2min

Conduct microbiological analysis and plate on TSA
Incubate plates for 18-24hrs at 32°C —

Remove plates from incubator
Count colonies —
Record data in lab notebook

.-'/H

| [ [ [ | | .TGF‘aqun,_.l
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Procedare : Seelpg. 47 | L e | |
Determination of Ozone's Effect on Bacillus anthracis (sterne) strain
Coupon Type: stainless steel 316 Toe: 4 ;sl,r'f;{; .
Ozone Concentration: 8% (calculated) s 24033 N
= Contact Times: 75min dompl €57 A7
 [Samples 2 3 a 5 5 7 B ‘il
CE T
i g I8!
c-C il I —
7 v -
£a 2.l .:’%
17 S
A 127 L O
A0 s 34
B B (00 £ T S | ey TS| e e
! =5 I e 4 =D
C @) 6]
= {ﬁ) {(‘ﬁ — 1
i D P 2
3 o
C: Control L Z{ : 5
= = ey - -
L L] ] Colewated DodntRumd | | | | | | | ‘g |
Determination of Ozone's Effect on Bacillus anthracis (sterne) A
Coupon Type: stainless steel 318
e Ozone Concentration: 8% (calculated)
| Contact Times: 7omin
—|  Samples 3 4 5 6 L 8 9 avg count|
G-A 17 0 1.40E+09
11 1]
C-B 5 2 1.50E+09 E
== 5 0
Cc-C 11 1 2.40E+09
7 2 [
! c-D 21 o 4.40E+08 R
| 17 S
| A 127 20 2 0 0 5. 72E+05 I
— 206 31 1 0 0
L) B 100 15 0 0 0 2 92E+05
; 73 16 1 0 0
=1 C 0 0 0 0 0 0.00E+00
o 0 ] 0 0 0 3
D 12 & 0 4] 0 6.75E+04 | .
e 3 0 1 0 0 :
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Title: Author:

Determining the Minimum Log Reduction the Ozone Kerri Cooper

Delivery System Can Achieve
Document No.: | Effective Date:
| April 2009
1.0 Purpose:

+———— To determine the most effective concentrations i1 the most
. steel coupons spotted with Bacillus spores.

2.0 Responsibility

The scientific personnel that carries out the experiment.

3.0 Hazards and Safety Considerations

efficient time that will sanitize stainless

e Operator must follow all safety instructions for the Ozone Delivery System
o Spores of Bacillus anthracis (stern) strain were used

4.0 Equipment and Supplies

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

1 N NaOH

2 8 @

Sterile de-ionized water (dH;Q)
Tryptic soy agar (TSA)
Buffered Peptone Water (BPW) (9mL/tube and 10mL/tube)
Shaking water bath (Thermo Haake/SWB25)
Incubator (Imperial IIT)

Bacillus anthracis (sterne strain) suspension (solved in 50% ethanol)
10 mm coupons (stainless steel 316) :

Solution

Sanitizer (8% calculated ozone gas)
Bio-safety cabinet (BSC)
Ozone Delivery System

5.0 Operational Procedures

Day 1:

5.1 Preparation of coupons:

5.1.1 Place
5.1.2 Load

5.1.3 Place the coupons in the refrigerator to dry for 4hus

5.1 Analysiso
5.1.1

stainless steel coupons in a sterile petri dish
the coupons with 0.1mL of spores

f Control Coupons

Place each coupon in a conical tube filled with 10 sterilized glass

beads and 10mL of BPW

e . — 5.2.2  Vortex the sample for 1min
| | | 523 Heat shock the conical tubes in a water bath at 80°C for ?Gmm
! 524 Remove conical tubes from water bath and place them in ice H;O for Zmin
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LE Book N?. s
_ T T T | [ ]
woto. 52 | | | | [ [ [T TT[T] HEREEEEY
MOFFETT CENTER Page 20f2| | |
- | Title: Author: | | _ |
| Determining the Minimum Log Reduction the Ozone | Kerri Cooper L
= Delivery System Can Achieve ) T T T
| Document No.: Effective Date: | | a
~is April 2009 17 _‘__ !
= ' | :
525 Conduct microbiology analysis and plate on TSA | S R SRS AN
il 3.2.6  Incubate for 24hrs at 32°C _|{ | l |
N |
3.3 Analysis for Ozone Treated Coupons s
J% 5.3.1 Place the coupons in the Anaerobic Reaction Tank _—
B 3.3.1 Following the SOP: MC-SA-105-S0P001-VO1 allow the ozone to flow through the | o
system for 45min . b i
- 3.3.1  Stop the ozone flow and follow the flushing the system step in SOP: MC-SA-105- |_ | i
) SOPO01-VDI Tt
5.3.2  Remove coupons from the anaerobic tank ‘ . .
] 5.3.3  Place coupons in 10mL of BPW with 10 sterilized glass beads _ |
- 334 Vortex for Imin ‘ i
5.3.5 Heat shock samples in water bath at 80°C for 20min T 1 T T 1
. >.3.6 Remove from water bath and place in ice H>0 for 2min ' ——
5.3.7  Conduct microbiological analysis and plate on TSA 1
3 5.3.8 Incubate plates for 18-24hrs at 32°C [ |
| Day 2 —!-- ‘
5.4 Remove plates from incubator || |
- 5.5 Count colonies |
— 5.6 Record data in lab notebook | |
| l | = e —f_ ] ] ] | - | ! | ! 1 | ] - -
=] | | 1 HEEEEREN
| = T | =1 1. | == | |
R B B ‘ e ) IS - — ==t ‘ —— ‘ - ! 1
Day i ﬁa dafor | | | L LT L] W T
[t | L [
Analyzer Re ng i L AT S ! — | =
Y Coloulobed Gopoenkrohion s Szt ||| |
ENNEEANNENEEEE L |
L _ |
. N
A | . | L
| ’ i |
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From Page No. .83
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 See g5 for procedwre.

Determination of Ozone's Effect on Bacillus anthracis [sterne} strain 13
Coupon Type: stainless stee| 316 i 1
| chme Concentration: 8% (calculated) ao?ﬁfﬁ ffﬁiﬁm
Constraints: 45min O3 flow time, 20min nitragen flush ¥ B
& Samples 3 4 5 3 7 2 3
= = cA JI i i 13
e L] 0 3
5 ) IS
- CiE f ® .
I | I
6 = 2 —
i c-D 3] 0O B
s ry T 2 v —— — |7 ot I
- T 205 o8 | Sy
i F_AC E 3% o P —:;?‘::
B oy <l [ 334 ) T T
- - R T 210 g 7= |
= T 22] (3 et
= T 229 & .
JE 330 316 —
i 32 ot ]
Iy Calelladed Dot Runs3 g
pf L, ~Determination of Ozone's Effect on Baciflus anthracis (sterne)
Coupon Type: stainless steel 318 —=
| = Ozone Concentration: 8% (calculated) ~
I Constraints: 45min O, flow time, 20min nitrogen flush
Samples 4 5 B 7 8 ] avg count =
C-A 17 0 1.40E+09 -
11 0
C-B 5 2 1.50E+09 =
== 5 ' b=
C-C 11 1 2A0E+0%
7 2 1
c-D 21 0 4 A0E+09
17 1]
A T 205 28 4. 72E+07
15 228 23 -
B il5 339 42 1.43E+08
T 210 46 3
-G if 221 68 1.01E+08 =—
- T 229 88 ~ E
D T 330 50 8.96E+07 | Tm Dare
_ﬁ = 557 =7 To _._:fg_: No. —
- :
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| | @mﬁm:_@l@w_ | |
; | {&E |
Wi Samples | log (control) | log (samples) | log reduction
b A 015 767 1.47
. B 818 B.16 1.02
C 9.38 8.00 1.38
B D 0.64 7.95 1.89 :
: C. Centrol '
IR T{JIO numemus:to count, | /gé ; ‘ B
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When trying to determine the effect of ozone on the

aspects that must be taken into account. One of the details is to determine if the ozone
that flows through the system for a specified amount of time to achieve the desired
concentration in the Anaerobic Tank and the nitrogen flushing for 20min to remove the
ozone in the system after the experiment effects the spores. For the current 8%t |
concentration being used for the experiments, a 45min ozone flow through time is | | |
required. The initial experiment for determining the basic effects of the cas was to allow
- the ozone to flow through for 45min and then remove the ozone immediately from the |
system by flushing with the nitrogen. Unfortunately, the design of the system does not -
allow for an immediate ozone removal due to the time required to flush the Buffer tank i
and pressurize it with nitrogen before beginning the flushing of the Anaerobic Tank.
This wait time 15 20min. Due to the safety aspect of the system, the chamber cannot be .
opened during the experiment to remove samples after each step. Therefore, a minimum
This experiment takes into account the

log reduction experiment has been setup.

calculated amount of time required for the ozone to flow through the system, the 20min

and the 20min nitrogen flushing time, T e — ¢
i

wait time to flush the Buffer Tank.
| | | | |
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Determmatmn of the Effect of B% Ozone on Bacillus anthracis (sterne) Strain with a 75min exposure time ,
i Coupon Type: stainless steel 318 Dedes 8] 7106 i
= Ozone Concentration: 8% (calculated) ﬁ%mpte et !
Contact Times: 73min
— - Samples 2 3 4 5 6 7 8 g il
C-A 25 g
20 oL 1l
¥ ey S (S | . S T i |
|| F— : = —— e i |
| Hff—t-e- : == —
i A I I [ | e e it
£ 8 ?_”L—GD— - - |—31 — 1 .1 1
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A g £ o ek [, -i'
= C £ o & (% .
B O £) 0 ¢ o |
| 0 ':"' £ il 9] 5
F—r= C 0 o) 0 @] #]
£ 0 o d %,
D 8] ol # 0 0 i
i [ £ o ] &

C: Control o . _ |
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Frc}m F’_'_agg No.

| Delermirohion of the Effec) mt 3. hedeclon mm rcis cm) Sl
wWwith oL GOmin eacpoﬁwe Hme -eun 3 | | |
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Determination of the Eﬁect of 89 14 1 _ Lo
% Ozone on Bacillus anthracis {sterne] Strain with a 60min exposure ti
Coupon Type: stainless stes| 316 ime _| il
— Qzone Concentration: 8% (calculated) Dare: 4[ajoq |
Contact Times: 60min Somples: Az
Samples 2 3 =
4
C-A S 6 7 5 5
T ——
Rr—— — e, R = 1 Q
[ ——— ] == — ]
E - AR i—— —— = —— ]
2r—E=b— — — —— = |
;&_'___._-_'_‘—--._._ T—
A = = S e
B T T 130 5 ¢ 5
4 ua IR0 is 3
=S - e ;
C L 1S
= 256 33 i;? ;:
D = 230 35
= o 0
T G w7 3 - i
T — 30 (=9 3 [ LIE4]
C: Control Z C |
Co‘n:ulc&ecl 'Dq:h S O S |
Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a Eumm exposure time .
| Coupon Type: stainless steel 316 |
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Qzone Concentration: 8% (calculated)

Determination of the Minimum Log Reduction of the Ozone Delivery System for 8% Concentration
Coupon Type: stainless steel 316
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Contact Times: 45min O; flow through time, 20min N, flush
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Constraints: 45min O; flow through time, 20min nitrogen flush

COzone Concentration: 8% (calculated)

Determination of the Minimum Log Reduction of the Ozone Delivery System for 8% Concentration
Coupon Type: stainless steel 316
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. Determination of the Effect of 8% Ozone on Bacillus anthracis
Coupen Type: stainless steel 316

Ozone Concentration: 8% (calculated)

{sterne) Strain with a 60min exposure time

Dade’ 4/i6/09

—p= Contact Times: 60min Semple’ A2l
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Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a 70min exposure time
Coupon Type: stainless steel 316

Ozone Concentration: 8% (calculated)

Contact Times: 70min
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Determination c-f the Eﬁect of 8% Ozone on Eacﬂ!us anthrac.fs (sterne) Strain with a 70min exposure time
Coupon Type: stainless steel 316 o
— - Ozone Concentration: 8% (calculated) |
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Determination of the Effect of B% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time

Coupon Type: stainless steel 318 Dode d]i7/09
Cizone Concentration: 8% (calculated)
Contact Times: B0min
Samples g 2 ACH 3 #C 5 #ES | 2T 8 9
C-A 15 T
Il pra |
A A+l rO | 0 o Q —
O +iv) o] 0 9] 0 Fd
B C+1+0 i [é] (@] o FN
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Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure tin
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Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a E{}mm exposure time
Coupon Type: stainless steel 316
Ozone Concentration; 8% (calculated) qlagoq
Contact Times: 80min

Samples Z 3 4 5 ] 7 8 9 10
Control - NHS a0 2 C
1 2 (0]
Contral - HS | 3 -
19 3
A |2 ¥ |17+12F 31 ! (9]
o9 +95 v 70 33 [ o)
B 33 r5Y4 ¥l 14 ] 9]
3L*p| D3 ¥ 5 ]
o I+ B () 8] =
A+) +O I 0 O -
D T T B4 L2
T i 9 ]
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MNHS: Mo Heat Shock

HS: Heat Shock z C
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Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a Eﬂmm exposu
Coupon Type: stainless steel 316
Ozone Concentration: 8% (calculated)

Z C/ Contact Times: §0min

o
]
Samples 2 3 4 5 ] 7 8 9
Control-NHS ; 20 2
11 2
Contral -HS ; 13 2
18 3
A 371 31 1 0
283 a3 8 0
B 143 14 1 0
140 8 5 0
§ c & 5 0 0
3 1 0 0
b} i T 89 12
5 T 92 3
Samples | log (control) | log (samples) | log reduction
A 9.58 5.00 4.58
B 8.58 4.74 4.84
c 8.58 3.503 6.06
s B 8.58 522 4.37
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| GAINRATIO ERROR

o | Warning condition

Cause cirying of the ootical o sompanents. As the opticat components get dirty,

the instrument's zero may drift upwards \When a zero calibration is perfarmed, a

nawe zero will be established and the instrument will elecironi cally caompensate for

the contamination  However, of the soiing of the optics-excesd the dynamic range
of the elect ron compnrsaﬂmr then the "Gain Ratic Error” message will appear

5'3‘9 page 29, "ZEROING THE AMALYZER" for 2 compiete discussion abaut zera
calibration

Course of Action: press the "E” key to clear the message: If the zero contirues
ta rift, you will need to clean the optical components. Flease rafer to the chapter

on Maintenance. Take steps to ensure that the sample gas is clean to avoid
L4 further soiling,

Reference! Ma:iels Hi b- x,o.rd B1-0H J—J1 N Conentrodion Process. Ozore Amiyreré
. Operoh Manual, 5 Wornin IErro-r Meﬁa@ﬂ& ch 39 |
#Tﬁenexkaife.p :ﬁm%ﬁ Cleont he ool opms

| ag
fitnessed & U derstood by me, Date Invented by: Date ‘

Recorded by:

| Th order Yo resel Hhe anclyzer m%wa& Lush %mu\l %& 8ystem ard audo- zafai:f
rodec ¥




Project No.
Book No.

f:-iPEIC]E No. 78 Cfeaﬁg the Cell Optics

4

NIITY

iﬁ‘ o‘g"gmzﬁ U oz

-ﬁ?fl;ﬂ';rn PPN

[
-

.‘-rﬁ,_. [ﬂ

79

CAUTION: =andle eptcal comrponents with care. Use powder less lalex gloves and
clean only with: lint-free materzls —

WARNING: This procsdure violstes the leak tightness of the instrument Zareless
reassembly of the Optical Chamber could result in leaks of the gas sample. These isass

can cause damage io compenens inside the anslyzer, pose 3 health hazard, and cause

2ronecus ozone measuremants. W ou should i2ak-test the anabyzer prior to resuming 1s
nofmat use. [N USA IMNC. assumes no responsibility and shal be held harmiess for

problems caused 23 a result of improper handiing of the optical components  The ophcal

chamber and all other gas-tight components of the Model H1 analyzer have been l=ak
tested =t the factory to 107 cofsec using Helium

The inside of the Cotical Chambear can be cleansd by folowing the procedure below

Refer 1o Figure B Cptical Chamber Assembily below for a descrniption of the
components

Figure 8: Optical Chamber Assembly |

i
T !
i - ——— - WLTIF SEERMELY
: | TV STRENS
i |
S i
L LE LARAF LR
| Folile s e -
! e e T h
! k — g ——— HIPRETSICA 2l (
i =]
 E—— —— TR =E
T T LLARTI LR
i —-—'— LESUPPTHICELL Bl ik
i i
H k\ 23 ] :
\FT THLHISRTZ VAR D Y

LT PERI AARLE: |

1 Loosen the twe soraws holding the chepper motor aséémbi}f and remove -
the sssembly Make sure not o lose the spacers.  Be careiu! not to

inose any of the couplings on the motor's shaft

seePa v

2. unplug the UN amip from the (Y lame gower supply board,
3 Loosan the four screws holding the UV lamp housing and remave the
] Frasing, =0
ot 4 Remove the "0 ring, compression ring and top quartz window:. Be
careful not to chip of scraich the quartz. Clean this quarz window, using
= lsopropy! aloohol, and dry it us ng Im-iree, ciean soft cloth
5 Clean the boftam gquartz window the same way. Nots that this window 15
i not remavatle
‘: i

r°% 2

—T '3 I I 1 | [ I T |
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Determination of the Effect of 8% Ozone on Bacr.‘fus anthracis (sterne) Strain with a Eﬂmm expusure tIlTIE
Coupon Type: stainless sieel 316 ;
Ozone Concentration: 8% (calculated) Pote: 4] ﬂfl 24
Contact Times: 60min
l
Samples 2 3 4 5 B 7 3. ‘j 3
Control '|5 |
al 4 25 o 1f) o 3
i 146 ] o8
B T g ¥ 136 3 =
i i 2 164 14
c & W £ 5 144 }S
& & |23 15
D 7 =F 231 Bl =
(o5 7 |
T e QJE S ST BP0 VST N S S

ﬁ&m@@% sl | LT

Determmatlnn of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a Eﬂmm exposure time
Coupon Type: stainless steel 316
Ozone Concentration: 8% (calculated)
Contact Times: 60min

Samples 2 3 4 5 6 7 8 9 |av
Control 12 4 3.
15 1 E
A T 213 26 0 5.
T 146 23 2 : '
B T i 136 g 2]
T T 164 14
# T T 144 15 3
T T 128 18 '
D T T 231 86 a9,
T T 218 65

Samples | log (control) | log (samples) | log reduction

A 9.58 0,72 3.87
E .58 .41 317
C 959 5.48 311
D

-~

9.59 590 5.650 7<C,

Hu&mﬂe it?&l-u fﬁu&‘nﬂ S 3 L %Ir o;iﬁ Hgf....!:‘:o.mp e> 1| || .l
___Thechmﬁﬂ rmim}:m From ‘Hle previous rmf_rt}-s {‘_oulcl hﬂ dm‘? %ﬂ 7’4’!2

Jwau:cm ‘on_or dhe need o clgan I&hcrd lens on he am!yzgr__ |
+This exgenment il be repeated tith A conrentmtipn ¢loser fo previpus. | To Page Nc
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Determirodion | of fh @gﬁ-c@ £7. Ozone ¢ Iul}giﬁiﬂﬁbai_ﬂs'}er Shoin |
f"]'s._LDL Homin S (0 ._Mpxmn‘_me, [t

Proc e: K
Doy 1
— %‘l '}'"’P‘fﬂi-g&
=

|4, :3_1 L ﬂo,

itis re:ommenaeﬁ that the UV Lamp e changed under the following

canditions

After 12 monih of cortinueus operation

If after the Warm-up pering faolla Wing a ZER O CALIBRATION the Anzlyzer displays
the message: “Magative resuir

~ IFthe anaiyzer displays the message “Uv Lamp Erroe”

| | b |

| T Y I I A
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| Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a 40min jxposure | —
Coupon Type: stainless steel 316 . : L .
Ozone Concentration: 8% (calculated) Date: 4/ 22)09 |
1 Contact Times: 40min S5
L Samples 3 4 5 6 7 8 9_-T &
~ | Contral 2072 | 20 ] e =
—— AFFe | | 7. FHC 3 —
- A x T 215 2l Y i
T s 159 Al 2 i
e B = i x 217 Ha 7 T
= o 2 1 93 HY a4
c 0 % 192 &5 5 (&
B e 152 39 s o —1 i
D = L = i |40 15 '
| = 3 8 I £ 156 20

mmwmi_ V;@f1_

B Determmatmn of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a 40min exposure time
Coupon Type: stainless steel 316
Ozone Concentration: 8% (calculated)
Contact Times: 40min
Samples 3 4 5 6 7 8 9 avg count |
————| Control 20 1 3.B5E+08 (-
: 17 3
A T T 215 26 4 7.62E+0T
== Bk T 188 26 2
Ll B G B T 217 42 7 2. 19E+08
i T T 193 44 24 i
— C T 192 55 5 Q T.31EHOT |5
- Al T 182 39 B 0 )
B T T T 140 15 3.23E+08
I T T; 3, 156 20 n

Samples | log (control) | log (samples) | log reduction

— A 954 7.588 1.70 -
by B 9,59 8.34 125
i 9.59 e 247
D 9.59 8.51 1.08
2 fl_ummnr\f i | | | L

ﬁm&h Eogx;{mduc,hnn%r[aﬂ mp!_es_:_i!.apj L1 i L[] |

“TThis o_w.remﬂ«_e 0 Jaaluw:}ﬁ& mtmml uchon. Ccmlc}_be_duf_ +o 741& Clml}rzsr Vo
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Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time
el Coupon Type: stainless steel 316 ;
Ozone Concentration: 8% (calculated) Pate Sidjo
™ Contact Times: 60min
——| Samples 2 3 4 5 3 5 T
Control T .
17 O
= A T o T % .
f‘%f j: =f e (a2 e
d B | T 104 20 3
Tk i =i 9 27
- c =/ i 79 R
| 2 7 7173 LA
D i T 98 [9 ;
) i 435 i =
I | | | ! L R e, P | e~
| Coleulded Dede ~Bung§ || | =
. Determination of the Effect of 8% Ozone on Bacillus anthracis (sterne) Strain with a 60min exposure time
Coupon Type: stainless steel 316
- Ozone Concentration: 8% (calculated)
- Contact Times: 80min
Samples 2 3 4 5 ] 8 9 avg coul
Control 18 2 2.75E+0
17 0 3
A T T T 58 6.00E+0
I T i T 82
B i T 104 26 3.62E+0)
T T T 89 27 H
C T T 89 22 3.03E+D/
T T 77 22
D T i 98 19 2 GTE+Qi
— T iT: 95 21
Samples | log (control) | log ([samples) log reduction
A 9.44 6.78 266
B 9.44 5.56 2.88
i C 9.44 6.48 2.95
D 9.44 847 2.97
0 o O 1 | | d-F=y. ol )
| Suewary EEREREEERNR R
[ ==l [ ;
Tk g S je sl | | | | ] A
; Tha._a.uemﬁe.._i%imduaﬁm For the semples I$.2.57 |
| i I SR S al ! } t T I — — I : | | | | i
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- I Determmatlcn of the Effect of 8% Ozone on Bacﬂ.fus anthracis (sterne) Strain with a ?I:Imm exp{mure tlme
Coupon Type: stainless steel 316 : Mie .o fﬂ"?
Ozone Concentration: 8% (calculated) LA
:ﬂf,ﬂ Contact Times: 70min
A = ;
| amples 2 3 4 5 B 7 = > :
i Control < i
) — T &S C 1
e 53 ‘T_ !
] B T T J23 1§
| T 1LO FE i
i C 5 é;lti‘ﬁ 17 o
T 239 H3 ol
D T i 2 34
5 ot o i 87 53 : —~ —
A— 7 : —— _._I =i S . | =
alsaNnrny cn;.:mw um BelB [ | [ T[T T]T ]
Datermmatmn of the Effec!’: of 8% Ozone on Etac.-m:.rs anthracis (sterne) St.ra?n.with @ 70min exposure time
Coupon Type: stainless steel 318
Ozone Conecentration: 8% (calculated) L
E Contact Times: 70min .
| [ =priples 2 3 4 5 6 7 8 8 |avg count
g 21 7 |4.85E+09
16 4 —ta
£ . i B 1 234E+05| |
- T 52 g 1
B T T 123 18 3.42E+06]
1 T 160 22 i
c T 245 13 0 6.42E+05
T 229 43 2 =1
2 L i3 221 34 SB4E06]
I T 187 38 )
i @mples log {control) Ing_{sam;:les} log reduction L
A 969 537 4,32
B 89.69 €653 3.15
i C 9.69 5.81 3.88 ]
i D 969 B.75 2.93 KC
Sudaape [ [ | [ LTI T T T PN T
| *The. _aal.rer e | J‘&al on |-Ez£i4‘te San'\ph".ﬁ_t& 3. S? | ' b ec] . 5
- Sounpte D A-. smaller Jeg recuchion than samples - C'd byt Hhe ﬁbrdmis vari 1
&xj&&‘:m&rﬂé only one condrol will be use - ] ||
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1 Determmatmn of the Effect nf B% Ozone on Bacﬁ.‘us anthracis (sterne) Strain with a 120min exposure time
i Coupon Type: stainless steel 318
—_ Ozeone Concentration: 8% {calculated) Tade: s]idJoq
| J..f/‘: Contact Times: 120min
¥
' /éL_SampIes 2 3 4 5 6 7 8 B
‘ Control I ]
23 [
A (0] A ) Q
0 ) o) O
= B 0] 0 o o
- o Q g O -
c £ 0 [0 Q =
[ ()] Q Q
D G o) O O ;
e o 0 0 Q 0 3
I I i | N T T Lt |~ —
AN R u 1
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Determmatlon of the Effect cf 8% Ozone on Bacillus anthracis (sterne) Strain w:th a 90min expc-sure time
Coupon Type: stainless steel 315
Czone Concentration: % (calculated) Tade - "5}]“]0’-}
Contact Times: 90min
4
" Samples 2 3 4 5 6 7 B 9
Control 17 )
=23 !
A 1 Il I
s 12 2
B T 1P 3l
t o] i b L&) 30
C 191 e o)
163 al ol
- D T 145 13
T Uq §
, . e |
| N | L .
| |
[ 1 g m@dmmal_!_ 1
Determmatmn of the Eﬁect of 8% Ozone on Bacillus anthracis (sterne} Stram wdh a Bﬂmm exposure time
b Coupon Type: stainless steel 316 [
[ Ozone Concentration: 8% (calculated) ;
o Contact Times: 90min
=
~| Samples 2 3 4 5 6 7 8 9 avg count|-
Control 17 1 3.00E+09 |
23 1
= A 111 11 1 3. 78E+04
d 115 12 2 .
B T 156 31 4 64E+05
T 161 30 '
C 151 22" P 5.72E+04
163 21 P
D T 145 13 2. 87E+05
- T 118 18
Samples | log (control) | log (samples) | log reduction
A 9.48 4.58 4.90
B 9.48 567 3.81
C 9.48 476 472
] D 9.48 5,46 4,02

f':\ua] laﬁm rﬁclushﬁn 15 4.3 |
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i }F_Qﬂ% Eacrdmure Time | =
| Procedures : Tidrakions - %a ; | | -
, || Ozene Parameler -'ﬁﬁ’r Yo g .47 i
| ! | : | . .
Lﬁ%@lm . |
_ Ozone Flow Radel 1. 7) L)min !
|| | Tmei0. | | b _ |
: Inihal Sodi l i S0ml = | g
L Fire) volume 43.5ml | A ]
. ! | ;/J
| )
| | | L
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oo —t _?rcr:edwf, Me:!:fﬂ fa T | M 00 P 0 T o
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e — | T Frn&i —-- : 1 . : % } 1 | e ! 1 | !
Analyzer s : Sodium 4
Concentr| Ozone Flow Ti y Imt;:.al Satinm Thiosulfa Wislde
fsies Rate (L/min) ime {min} Thiosulfate e mellL 12 | mol |2 mol 03 | Volume Velume %
(Yowt) Volume (mi) ekt 03 o
I}
8.21 1.71 n
. . 0.42 0.0 43.9 1.02E-03 | 3.05E-04 2.05E-04 163 4.97E-02 6l

] N I (1 O R e S R e e
A 5 O Y R Y

= Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 90min exposure time
Coupon Type: stainless stesl| 316
Ozone Concentration: 7% (calculated) "Da:]-Q: 5/ !5’;@‘{
Contact Times: S0min
Samples 2 3 4 5 G 7 8 9
& Control | |
= 43 |
A 2y 11 [ |
i q 1S |2 2
B ol £ 156 31 ;
a1 T [le) 30
c T 151 12 L
T 163 ) ol
2= D = i i 145 13
T T 119 1§ K {: j
i ENSEENSEE chdaiﬁd&d@'_m e [ [ T[T | |
i i - - =] -
Determination of the Effect of 8% Dzune on Bacillus anthrams {sterne} Strain with a 90min exposure time i
Coupon Type: stainless steel 316 4 -
Ozone Concentration: 8%{ealcwateds 74
= Contact Times: 80min =
Samples 2 3 4 5 6 ¥ 8 9 |avg count]
| Control 17 1 3.00E+09 |—
- 23 i ]
A T 111 11 1 3.78E+05
173 T 115 12 2 =
— B T T 155 21 A 64E+06 |
T T 161 30
C T 131 22 2 5. T72E+05|7
T 163 21 2 1
D T T 145 13 5 2.87E+06
T T 119 18 22T 1
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| Samples | log (control) | log (samples) | log reduction il -
A 9.48 5.58 3.90 i
ElE B 9.48 6.67 281 Wi |
[ 9.48 576  ATD
D 9.48 .46 Ty I ' e
LS S| | i
| |
ezl ) . - | |
._mﬁ.Lc_;H_lf}l samples s 5.30 ) //
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ITLE Book No.
3 T T T 1 ] |
fom Page No. 94 | : _ || || ! | | ™ !
o | | = — — | E—1
e | | g || Colowabed 05 Concerdration = | | | = A
" I Final Molar =
Initial Sodium ; Volume
dium % O
3 .e“f Ui:’::'; Time (min) | Thiosulfate Ttﬁg Culfate | MOUL 1z | moll | molO; ”“:;':W 0, :
Volume (mi) Volume (ml) o
2.0 0.43 50.0 425 _ 1.25E- 03 3?5E|-D4. 3.75E-04 | 153| 6.11IE~G|2 ?.95
. 1 L _i_ + I— T | B,
]| — 'zaw Dm i2t.m AN | ]
. | | '
Determination of the Eﬁe::t uf ?% Dzone on Bacr.ffus anthrac;s {sterne} Strain with a 120min exposure til‘l."IE =
Coupon Type: stainless steel 316 : Le —
Ozone Concentration: 7% (calculated) ' |
: Contact Times: 120min siapjes |
Samples p 3 2 5 6 7 g 9 |
Contrel a
A 310 lle 7 %) L
247 o] 4 O |
B 79 7 0 8]
14 14 l O i
@ a1 4a 3 O L
283 Hy 4 G :
D 43 2 o) 0 =
(3 o) ] 0 1558
| | (T[] ] | | |
—T S F— 1 1 — _l____ - | e " —_—
| | | Sl | [ plowoded DigaBidnd | | | | | [ ][] ]
Determination of the Effect of 7% Ozone on Bacillus anthracis (sterne) Strain with a 120min exﬁnsure time.
Coupon Type: stainless steel 318
Ozone Concentration: 7% (calculated)
Contact Times: 120min
Samples 2 3 4 5 5 8 9 avg couni
Control 18 B 6.55E+09
13 4
A 370 66 7 0 1.49E+05
247 &1 4 0
B 79 7 0 0 2.32E+04
74 14 1 0
C 247 42 3 0 1.05E+05
283 44 4 i)
B] 43 2 0 a 8 B0E+03
B5 8 0 0
Samples | log (control) | log (samples) [log reduction] | | ] N
A .82 5.17 464 _ng_\mu. i ||
B 9.82 436 545 q | '
D 9.62 3.95 587 |~ JZe:J&ﬂr$m cowracy |
B L L ] & || | | To Page No. —
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