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Objectives

¢ Introduce the entirety of space
decontamination

¢ Pros and cons of various gaseous and
vaporous technologies

¢ Retrofitting existing high containment
laboratories for gas/vapor based
decontaminations

PUBLIC HEALTH AGENCY of CANADA | AGENCE DE SANTE PUBLIGUE ds CANADA

Entirety of Gaseous
Vaporous Decontamination

¢ Flooding and Wetting: impossible to reach all
surfaces

¢ Spraying: better coverage, not uniform, can't
get into the internal surfaces of equipment,
respirators required

¢ Fogging: removes human factor, no areas
missed, the droplets tend to settle and may
not provide contact with all surfaces

* Gas/Vapor: even and complete coverage




ANADA | AGENCE I

Decontamination Agents

Vaporous Hydrogen Peroxide (VHP)
Gaseous Chlorine Dioxide (GCD)

Vaporous Hydrogen
Peroxide

Mechanism

Hydroxyl radical of H,O, attacks the
Microbial components such as lipid,
DNA, protein, etc.

Water vapor from the 35% H,0,
assists

Vaporous Hydrogen
Peroxide

During this process the vapors act

similar to a gas

s3onpoud-Ag 21X031-UON
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Vaporous Hydrogen
Peroxide

Advantages
¢ No residue or toxic byproducts
¢ Compatible with electronics
¢ Low temperature Decontamination
* Mobile
¢ Rapid Decontamination
* No pressure vessel or gas cylinder
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Vaporous Hydrogen
Peroxide

Disadvantages

Cost
Requires a generator
Not compatible with nylon, copper...

Absorptive materials prolong aeration
— Paper, cardboard, clothing...
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STERIS
VHP1000ED
Vaporized Hydrogen
Peroxide Generator

Front View

Control Panel

« Printer

« Sterilant Cartridge
Break release
Warning Lights
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STERIS

VHP1000ED
Vaporized Hydrogen
Peroxide Generator

Back View
Power Switch
Sterilant Output Port
Enclosure Air Return
Port
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VHP Decontamination
Cycle
First Phase - Dehumidification
¢ Humidity of the enclosure is reduced to
10% - 40%

¢ Lower humidity permits a higher
concentration of Vapor within the
enclosure without condensing on the
surface.
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VHP Decontamination
Cycle
Second Phase - Conditioning

* High volume of H,0, is injected over a
short period of time.

« Rapidly elevating the Vaporized
Hydrogen Peroxide concentration in the
enclosed space.
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VHP Decontamination
Cycle

Third Phase - Decontamination
* H,0, is injected at a set rate
¢ To achieve a steady concentration of
vapor for the duration of the phase
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VHP Decontamination
Cycle

Fourth Phase - Aeration

¢ Injection of H,O, is stopped.

¢ Enclosure air is cycled through the
generator or evacuated with the
exhaust system.

* Reducing the levels of H,O, vapor in
the enclosure to an acceptable level for
re-entry.
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VHP Decontamination
Cycle

2

VHP
RH
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VHP Decontamination
Cycle (Actual)
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Airflow Diagram
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Personal Protection For
Liquid H,0,

* Eye and Face Protection

— Chemical Splash Goggles
* Protective Gloves

—  Rubber, Neoprene or Vinyl
¢ Respirator Protection

- If concentrations in excess of 10 ppm,
use approved SCBA

¢ Personal Exposure Level (PEL) = 1ppm
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Safety Considerations

« Treat any visible liquids in the
enclosure as Hydrogen Peroxide.

e Warning lights on the VHP1000ED
indicate that harmful H,0, vapor may
be present in the enclosure.

¢ VHP1000ED is extremely heavy and
may require 2 people to move the unit.

VHP Chemical & Biological
Indicators

¢ Chemical Indicators (ClI)
- Change color from blue-
grey to beige when exposed
to VHP

STERIS 8

« Biological Indicators (BI)

- Spores of Geobacillus
stearothermophilus (>10°) v
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Detection

« Drager Polytron 2
« Drager Sensors for

Hydrogen Peroxide
—  HCO - 7000
ppm (max)
— LC O - 50 ppm
(max)
« Direct readout

¢ Setup in enclosure
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Detection

» Drager Accuro
2000 Pump

» Drager H,0,
Detection Tubes

—  Change color
from white to
light brown
upon contact
with VHP
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Retrofitting Existing Labs

CONCRETE
stas

PUBLIC HEALTH AGENCY of CANADA | AGENCE DE SANTE PUBLIGUE ds CANADA

Gaseous Chlorine Dioxide

» Created by flowing 2% Chlorine Gas
through Sodium Chlorite cartridges
+ Cl, + 2NaClO, > 2CIO, + 2NaCl
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Gaseous Chlorine Dioxide

Mechanism

¢ Chlorine dioxide attacks the electron-
rich centers of organic molecules
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Gaseous Chlorine Dioxide

Advantages
¢ No residue or toxic byproducts
e Compatible with electronics
e Low temperature Decontamination
* Rapid Decontamination
¢ Rapid Aeration
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Gaseous Chlorine Dioxide

Disadvantages
¢ Cost
e Requires a generator
¢ Pressurized Gas Cylinder
¢ Not portable
¢ ?Compatibility to electronics
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ClorDiSys
Cloridox-R&D
Decontamination
System
Gaseous Chlorine
Dioxide Generator

Front View

« PLC Control Panel

* Printer

* Emergency Shut
down Switch
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ClorDiSys
Gaseous Chlorine
Dioxide Generator

Back View
* Gas Cylinder
« Sodium Chlorite
Cartridges
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GCD Decontamination
Process

5 Step Process

1. Pre-Conditioning
. Raises the Relative Humidity to
programmed set-point.
2. Conditioning

. Maintains the Relative Humidity at the
set-point for a pre-set amount of time
before GCD is injected

10



PUBLIC HEALTH AGENCY of CANADA | AGENCE DE SANTE PUBLIGUE ds CANADA

GCD Decontamination
Process

5 Step Process

3. Charge
- Chlorine Dioxide gas is generated and
injected to reach a programmed
concentration
4. Exposure

- Concentration of GCD is maintained for a
programmed time

GCD Decontamination
Process

5 Step Process

5. Aeration

. Injection of GCD is stopped and the
enclosure is purged to remove the GCD
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GCD Decontamination
Cycle
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GCD Decontamination
Cycle (Actual)

TEMPERATURE & %RH
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Gaseous Chlorine Dioxide

Chlorine Dioxide
Generator
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GCD Chemical & Biological
Indicators

¢« Chemical Indicators (Cl)

o cE.oueek s o
= Change color from deep oo b e \ 4
purple to a lighter purple —
when exposed to GCD v SDGRECKSTAT, _ SRR &
o i . S .

« Biological Indicators (BI)

- Spores of Bacillus
atrophaeus (>10°)
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Detection

« Dréger Polytron 2

« Dréager Sensor for Chlorine Dioxide
e Drager Accuro 2000 Pump

e Chlorine Dioxide Detection Tubes

T
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GCD: Large Scale Decon

Anthrax (Scotland, July 2006 — April 2007)
(Contamination in remote rural area)

Black Lodge (sampled)

Communal Hall. Smallholm
{decontaminated)
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GCD: Large Scale Decon
Five-story regional medical center with 345,000 square
feet (ft*) of floor space, 5.2 million cubic feet of volume,
and hundreds of rooms and spaces. St. John’s, Oxnard, CA
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Polyethylene Tenting impervious to GCD
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GCD from Ready to Use CD Tablets

Liquid CD (100-200ppm) is used as a general disinfectant

Ready to use tablets are used to make liquid CD
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Liquid CD from tablet

+Free CIO, disperses into

Forms reactive acidic "
water as tablet dissolves

solution in pores when
immersed in water

- @ \;QJ

« Tablet is stable
when dry

Liquid CD is unstable because of the slow escape of CD gas

Therefore, if a highly concentrated CD solution is left in an
enclosure, enough CD gas will become available in the enclosure
to achieve decontamination

14
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Decontamination of BSC Il (45cft)
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Exhaust plenum

Primary chamber isolated, 8 BI+CI pairs & were placed (inside the chamber (N=5), above the supply filter (N=2), below
the exhaust filter (N=1)
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Decontamination Preparation

*6 gram CD tablet (MB-10 tablet from Quip Laboratories or Exterm tablet
from Clordisys) in 69mL of water (5000ppm solution) in a Ziploc container.

+The container placed inside the chamber and its lid opened via the glove
ports for the gas to escape.

sLeft undisturbed for overnight

*GCD concentration, Relative humidity and Temperature inside the
chamber were monitored and logged
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GCD, RH and Temperature in the chamber

Gaseous CD from Liquid CD

Relative humidity

400

300

200

GCD (ppm)

Temperature

100

Relative Humidity (%) & Temperature (‘C)

1a5PM
a15Pm
6asPM
9:15PM
1148PM
216AM
45 AM
716 AM
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Formaldehyde, GCD & VHP

Formaldehyde GCD VHP

Carcinogen Non-carcinogen Non-carcinogen

High RH (>70%) High RH (>70%) Low RH

Neutralization required No neutralization, scrubbed or | No neutralization, catalytically
vented destroyed

No real time concentration Continuous real time Continuous real time

monitoring monitoring possible monitoring possible

Paraformaldehyde film forms, | No off gassing No prolonged off gassing

which off gases over time

Non-EPA registered fumigant | EPA registered EPA registered
to i i ity to to

electronics

Long aeration time Short aeration time Long aeration time

Long history of usage, cheap | Requires a generator, Requires a generator,
expensive expensive

Broad spectrum microbicidal | Broad spectrum microbicidal | Broad spectrum microbicidal

activity activity activity

HEALTH
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Hands-on Workshop

e Set up the VHP1000ED

¢ Run a Cycle

¢ Set up the GCD generator
¢ Run a Cycle

16
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Project Title:

Space Decontamination using Vaporous Hydrogen Peroxide
Instructors:

Jay Krishnan, Greg Fey

Introduction:

At the Canadian Science Centre for Human and Animal Health we were
exploring alternative methods of decontamination for our containment areas.
Our program staff was looking for a decontamination method that leaves
little to no residue. This will minimize the clean up of the decontaminated
area, which will reduce the down time of the lab. One such decontamination
method is Vaporous Hydrogen Peroxide (VHP). The by-products of VHP
decontamination process are non-toxic water vapor and oxygen. Hydrogen
peroxide is a very powerful oxidizing agent and is capable of oxidizing a wide
range of organic and inorganic compounds. The current theory is that the
hydroxyl radical of VHP attacks membrane lipids, DNA and other essential
cell components. Water vapor produced from the 35% liquid Hydrogen
Peroxide assists the free radicals in penetrating the microbial cell wall.

To produce Hydrogen Peroxide vapor we use the STERIS VHP1000ED
generator. Decontamination with the VHP1000ED is a closed loop process.
This means that the air and VHP mixture is removed from the enclosure,
then passed through a HEPA filter and then through a catalyst bed to
convert the VHP into water and oxygen. Then, the air is dehumidified
through a bed of desiccant and HEPA filtered before being injected with
hydrogen peroxide vapor and returning to the enclosure. The VHP
decontamination process is made up of four phases or cycles.

1. Dehumidification phase. During this phase the relative humidity of
the area is reduced to 10%, 20%, 30% or 40%. These values
correspond to 2.3, 4.6, 6.9 and 9.2 mg/L(AH absolute humidity) when
programming a cycle. Reducing the humidity of the decontamination
area permits a higher concentration of VHP without condensing on the
surface. During the Dehumidification phase the VHP1000ED pumps



warm dry air into the enclosure to bring the humidity down and will
not proceed to the next phase if the humidity set point is not met.
Factors that affect the length of this phase are initial relative humidity
and the size of the area.

2. Conditioning phase. During this phase the hydrogen peroxide is
injected rapidly to elevate the VHP concentration in the enclosure.
This is done to reduce the overall cycle time.

3. Decontamination phase. During this phase hydrogen peroxide is
injected at a rate to maintain a steady concentration of VHP for the
duration of the phase. The steady concentration of VHP provides a
consistent “kill” in the decontamination process.

4. Aeration phase. During this phase the injection of hydrogen peroxide
iIs stopped and air is cycled through the VHP1000ED to reduce the
levels of VHP in the enclosure to an acceptable level for re-entry to
retrieve biological and chemical indicators. Venting the enclosure to
the outside via the HVAC system can shorten duration of this phase.
The enclosure is considered contaminated until all the biological
indicators show no sign of bacterial growth upon incubation.

The CL3 laboratory that we will use for this project was constructed
according to the Agriculture and Agri-Food Canada Containment Standards
For Veterinary Facilities. This lab contains Class Il and Class 111 Biological
Safety Cabinets. It also contains an autoclave and pass-through box to
easily transfer small equipment, waste and supplies in and out of the area.
The lab is also fitted with breathing air connections to allow for training in
the positive pressure suits for CL-4/BSL-4. Due to the location of the
laboratory in the facility it is not possible to access this area with large
equipment, for example the VHP1000ED generator. As a result, we piped in
lines through the concrete floor to introduce the VHP. We will be able to
decontaminate the room, the pass-through box or the Class Il BSC by using
the VHP generator seated on the mechanical floor above the lab. The Class
11l BSC has 3 chambers. We will set-up a VHP decontamination exercise in
one of the chambers.

Project Goal & Outcome:

Upon completing this workshop the participants will be able to set up and
decontaminate an enclosure using VHP. They will also be able to monitor for
VHP using air sampling equipment and validate the decontamination process
with chemical and biological indicators.



Material & Methods:

VHP1000ED VHP Generator with connecting hoses.
35% Hydrogen Peroxide
VHP Chemical Indicator Part Number-NB305 (Steris)

o0 Process indicator for VHP. These strips change colour upon VHP

exposure.

Biological Indicators Part Number-HMV091/100 (Spores of G.
stearothermophilus, Apex Laboratories)
Drager Accuro 2000 pump & Drager Hydrogen Peroxide detection
tubes.
Drager POLYTRON 2 (Room Monitor) with sensor for Low
Concentration Hydrogen peroxide. This instrument can be placed in
the room to detect any VHP leak from the Class 11l BSC. The
concentration will be displayed in ppm on the POLYTRON 2.
VHP Decontamination Worksheet
Ladder

Safety Considerations:

Part of this workshop will be taking place in the mechanical space of the
facility and hearing and protection will be provided.

Safety Precautions for Handling Hydrogen Peroxide
Protective Clothing / Equipment:

Chemical Splash Goggles or Face Shield
Vinyl or Neoprene Gloves

Protective Clothing (lab coat)

Hard hat

O O O O

Sterilant Cartridge:

35% Hydrogen Peroxide Liquid

Keep Cartridge Upright

Do Not Squeeze

Cartridge Must be in Holder at All Times

O O 0O



In Case of Spill:

0 Wear Protective Clothing

o Dilute with water (20 parts water to 1 part Hydrogen Peroxide)

o Thoroughly rinse wipe-up materials with water, otherwise
SPONTANEOUS COMBUSTION may occur

o Falling Hazard

In Case of Fire:
0 Use Water to Dilute Hydrogen Peroxide
0 Water Extinguishers are Preferred
o Carbon Dioxide, Dry Chemical, or Halon are not as effective but
use what is available
o For larger fires, EVACUATE and call for assistance
In Case of Eye Contact:
o Flush with water for 15 minutes, and call a Physician
In Case of Inhalation:
o0 Remove to outside air and call a Physician
In Case of Skin Contact:
Flush, with water for 15 minutes
Skin turns white temporarily

Remove and thoroughly wash contaminated clothing
Call Physician if irritation persists

O 0 O0Oo

IT Ingested:
o Drink plenty of water
o DO NOT induce vomiting
o Call physician
Safety Precautions for Preparation of Cycle

When Handling Generator Hoses:

0 Wear protective equipment
o Treat any liquid as concentrated Hydrogen Peroxide



Prior to Running a Cycle:

0 Assure proper seal at operating pressure
o Post appropriate warning signs
o Utilize appropriate filters (HEPA, ULPA, Virus, etc.)

When EITHER or BOTH warning lights are lit, harmful Hydrogen
Peroxide Vapor is present in the enclosure

Treat ANY visible liquids in the enclosure as Hydrogen Peroxide

Use a Drager Gas Detector Tube at End of Aeration to Determine
Residual PPM Level

Move and “Park” the VHP 1000 ONLY on level surfaces using two or
more people

Hoses Off the Floor to Prevent Condensation or Physical Damage

*** REFER TO THE MSDS SHEET FOR MORE INFORMATION**>*

Project Outline:

Introduction to decontamination with Vaporous Hydrogen Peroxide at
our facility

Introduction to the VHP1000ED Generator

Safety considerations and detection methods

Brief description of the hands-on workshop

Hands-on Workshop

Set up VHP1000ED for Decontamination

Set up a cabinet of the Class Ill BSC for decontamination

Run the cycle

Monitoring and logging of VHP concentration inside the chamber
Retrieve biological and chemical experiment

Summary



Summary:
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Biological Indicator For Hydrogen Peroxide Vapor, Technical Data sheet,
STERIS

. Vapor Phase Hydrogen Peroxide Decontamination: An Overview,
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Decontamination Cycle, Technical Tip #5003, STERIS



VHP DECONTAMINATION SET-UP

Above the laboratory:

d
a

Q

a

Position VHP1000ED for connections to DECON PORTS.

Connect STERILANT OUTPUT from the VHP1000ED to the DECON PORT marked
VHP SUPPLY.

Connect ENCLOSURE AIR RETURN from the VHP1000ED to the DECON PORT
marked VHP RETURN.

Power on the VHP1000ED.

In the laboratory:

a

a

(W

oo0D OO0o

Connect the VHP SUPPLY port.

0 To the lower DECON PORT on the Class Il BSC.

o0 To the upper DECON PORT on the Pass-Through Box.
Connect the VHP RETURN port.

0 To the upper DECON PORT on the Class |1l BSC.

o0 To the lower DECON PORT on the Pass-Through Box.
Set up a VHP sensor in the enclosure with a data logger, place Chemical and
Biological Indicators at various locations in the enclosure. Log the locations of the
Chemical and Biological Indicators.
Contact Controls Technician to isolate or reduce Airflow to the Class 111 BSC.
Contact Security regarding the alarms from the Class 111 BSC.
Close the SUPPLY VALVE (S) on the Class Il BSC chamber being
decontaminated.
Close the EXHAUST VALVE (S) on the Class 111 BSC or the Pass-Through Box
Open the valves on the DECON PORTS the connected enclosure.
Proceed up to the VHP1000ED.

Above the laboratory:

a

a
d
a
d

Select the appropriate cycle for the enclosure to be decontaminated

0 Primary Chamber (Class 111 BSC)

0 Secondary Chamber (Class |11 BSC)

o Pass Through Chamber (Class Il1 BSC) or Pass Through Box

0 Room
Verify the VHP1000ED has sufficient STERILANT to complete the cycle.
Verify the VHP1000ED has sufficient Dryer capacity to complete the cycle.
Open the valves on the DECON PORTS.
Start the decontamination cycle.

Post Decontamination:

U0

o000 OO0o

Verify the decontamination process is complete.

Consider the enclosure contaminated until the results are back from the Bls
Open the EXHAUST VALVE (S) on the Class 111 BSC.

Open the SUPPLY VALVE (S) on the Class 111 BSC.

Monitor the H,O, concentration in the enclosure. Do not enter the enclosure until
the H,O, concentration is less than 1 ppm.

Retrieve the Chemical and Biological Indicators from the enclosure.

Process the Biological Indicators for incubation.

Read Biological indicators.



VAPOROUS HYDROGEN
PEROXIDE

DECONTAMINATION IN PROGRESS

IF YOU HAVE A STI
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STERIS

Bacillus stearothermophilus

Bacillus pumilus e —
Bacillus subtilis e
Bacillus cereus . ~ -
Bacillus circulans — > Bacterial Spores
Clostr!d!um sporogenes l Mycobacterium smegmatis
Clostridium botulinum ) Mycobacterium terrae
Clostridium tetani Mycobacterla <l Mycobacterium bovis
Parvoviridae (mouse and canine ,'i,"gggf’da}g?;ﬁgﬁgﬁﬁgﬁglos'S
o parvoyl_rc;JS) Polio Type L. Swi Non-enveloped, non-
icornaviridae (Polio Type 1, Swine inid i
vesicular virus, Rhionvirus 14) Ilpld VII’L!S_ES
Reoviridae (Blue-tongue, Avian (hydrophilic)
Calri?:(i)\\//ilrriléseze (Vesicular exanthema) ; gsetéﬂomlt_)nas aergginosa
Gram-negative S“r oldia cepacia
. i <l Serratia marcesens
Molds vegetative bacteria Escherichia coli
Aspergillus niger l Escherichia coli 0157
Aspergillus terrus ) Proteus vulgaris
Fusarium oxysporum > Fungl Salmonella choleraesuis
Penicillium crysogenum
Y easts
Candida parapsilosis Large non-enveloped | Adenovirus (Adenovirus 2)
Saccharomyces cerevisiae viruses Poxviridae (Vaccinia)
Rhodotorula glutinis l
Enterococcus faecium Gram-positive

Enterococcus faecalis > bacteria

Staphylococcus aureus
Lactobacillus casei l

Listeria monocytogenes Orthomyxoviridae (Influenza, Influenza A2)

eglonella pneumophilia Envel(.)pEd’ |ipid Paramyxoviridae (Newcastle)
VIIUSes <l Herpesviridae (Pseudorabies, Herpes Simplex)
(lipophilic) Rhaboviridae (Vesicular stomatitis)

Toga/Flaviviridae (Hog cholerae, BVD)



A Compilation of Material Compatibilities with Vaporized
Hydrogen Peroxide.

Compatibility is defined as the materials ability to undergo exposure to vaporized
hydrogen peroxide with no significant changes in physical, or chemical properties (i.e no
changes in strength, flexibility, chemical composition, color etc.). The classifications
below are made based upon experience working with the materials, testing reports and
from compilations that indicate a materials compatibility with strong oxidants (nitric acid
etc.).

Material | Compatibility | Comment

Metals

Aluminum Excellent Prolonged exposure will result in graying of the surface as
it is oxidized.

Anodized Aluminum Good Discoloration of dyes used to color surface after extended
exposure®. No changes in physical properties.

Brass Good Will cause degradation of the hydrogen peroxide, and may
undergo some color change after extended exposure.

Copper Good Will cause degradation of the hydrogen peroxide, and may
undergo some color change after extended exposure.

Stainless Steel —all Excellent

grades

Steel Good Will cause degradation of the hydrogen peroxide, and may
undergo some color change after extended exposure.

Titanium Excellent May loose some luster after extended exposure due to
surface oxidation.

Plastics

ABS Excellent

Aflas Excellent

CPVC (chlorinated Excellent

polyvinylchloride)

Kel -F Excellent

Nylon Fair Some grades tolerate short term exposure (i.e. may be
acceptable for single cycle exposures).

PMMA Excellent

Polyacetal (Delrin) Excellent

Polycarbonate Excellent

Polyetherimide Excellent

(Ultem)

Polyetherketone Excellent

(PEEK)

Polyethersulfone Excellent

(PES)

Polyethylene (HDPE, | Excellent

LDPE UHMWPE)

! Extended exposure: implies multiple sterilization cycles in a VHP 1000 type application (i.e > 10 hours continuous exposure to
VHP).




Material Compatibility Comment

PolyethyleneTerephtha | Good Some loss of strength after extended exposure.

late (PET)

Polymethylepentene Excellent

Polyphenylene oxide Excellent

(Noryl, PPO)

Polypropylene Excellent May undergo some oxidation after extremely prolonged
exposure’.

Polystyrene Excellent

Polysulfone Excellent

Polyvinyl Chloride Excellent Used in construction of Isolators.

(PVC)

Polyvinylidenefluoride | Excellent

(PVDF)

PTFE (Teflon, Excellent

Goretex)

Tefzel Excellent

Elastomers

Butyl Rubber® Good

ChemRaz* Good

Ethylene-propylene- Fair Prolonged exposure results in hardening and cracking.

diene-methylene

(EPDM)

Hypalon Excellent Used in construction of isolators.

Kelrez Excellent

Polyurethane Excellent Used in flexible endoscopes — compatible in STERIS
System 1 ® and Sterrad over multiple exposures.

Silicone Rubbers Excellent Silicone will absorb hydrogen peroxide so aeration time is
extended.

Viton Excellent Used in construction of isolators.

2 Prolonged exposure: implies long term exposure a VHP 1000 type application (i.e hundreds of hours continuous exposure to

VHP).

® Resistant to 30% Nitric acid — infer resistance to VHP, and other oxidants.
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=

SAFETY DATA SHEET
1. ldentification of the Substance and Company

Vaprox Hydrogen Peroxide Sterilant (35%)

For Use in STERIS VHF Equipment NFPA 704 HAZARD RATING:
HEALTH: 2

MSDS Mo, A122 FIRE: 0

Prapared by: M. Ebars REACTIVITY: 1

Date Created: February 19, 2002 Date Revised: May &, 2007

STERIS Corporation, P. O. Box 147, 5t Louis, MO 63166, US
Emerngency Telephone Mo, 1-314-535-1395 (STERIS), 1-800-424-3300 (CHEMTREC)
Telephone Mumber for Information: 1-B00-548-4873 (Customer Service-Healthcare Products)

EC Rep: STERIS Limited, STERIS House, Jays Closa, Viables, Basingstoke, Hampshire, RG22 44X, UK
Emergency Phone Mo: +44 () 1855 822639 ProductTechnical Informafion Phone Mo: +44 (0) 1256 840400

2. Cﬂmﬂﬂ‘mﬂn"nfﬂfmjlim ol 1EM“I'I“
] Oral Inhalation
Hazardous By CAS Ha. EU Mo, Symbal Phrases LDED LCED
Campanent{s) wi
Hydogen peroxide 15-40 TT22-54-1 ZTEs0 | 0,0 5, B, 1183 =047
20032, 35 | mgkg | mgAs0%
{ra) H202 fraf)

3. Hazards |dentification: Causes severe burns. Harmful if swallowed. Corrosive to eyes, nose, throal and lungs.

(Far Europe, see Section 15)

4. First Aid Measures: Eye Contact: Flush eyes immesdiately with water for af least 16 minules. Gel medical
attention, Skin Contact: Flush skin immedsalely with waler Tor af least 16minules, Gel meadical allention,
Inhalation: Remoye patient to fresh air. If ned breathing, give adificial respiration. Get medical atbention
Ingestion: Do not induce vomiling. Get medical attention. Do not give anyihing by mouth 1o an unconscious
person. Il conscious, drink a lange quantily of milk or waler

E. Fira-Fighting Moasures;

Conditions of Flammability/Flash PointiAuto-lgnition Temperature: Mon-combustible

Upper Flammakble Limit: NA Lower Flammable Limit NA

Special Hazards: Hydregen perexide will nol bum bal decomposilion will generate cxygen thal increages the
explosive lirmils, enhances the burning rate and may inifiade fire in combustion maberials, May react with aoft
metals 1o evolve flarnmable hydrogen gas.  Clothing and other combustible materials that have come into contact
with hydrogen peroxide must be immediately and thoroughly washed with water. If hydrogen peroxide is allowed
o dry in the materials, spontangous combustion can ocour and a fire may result.

Explodability Data: MWD

Extinguishing Media: Water or water fog. Do not use carbon dioxide or dry chamical fire exdinguishers.
Special Fire Fighting Procedures: Flood with water. Cool tanks or containers. Wear full profectiva clothing
{rubber suit and boots including splash goggles and self-contained breathing apparatus). In case of fire, use
waber ar waber fog fire extinguishers only.

Hazardous Combustion Products: Conlamination may cause rapid decomposifion, cxygen gas release and
dangerous pressures. May react dangerousty with alkalies, copper, dirt, dusl, iron, heawy metals and their salls
and with crganic materials (especially vinyl monemers)

6, Aocidental Release Measures: Ensure suitable personal profeclion during removal of spillages, Spilts shauld
b2 contained and may be cautiously neutralized wilh sodium melabisullite or sodwm sullite (1.9 ks 502 10 500
mL peroxide}, or absorbed on appropriate matenial and placed in & container for disposal. Flush spill site with
lange quantities of water to a sanilary sewer. Washings should be prevented from aniering surface wateristorm
drains. Local regulations should be observed.

7. Handling and Storage: T.1 Handling: Resd and abserve all labeled use instruclions

7.2 Storage: Storeina cool dry area in the uprighl posiion and away from combuslibles, Mever relurn unused
peroxide to ariginal container, LHensils used for handling percxide should be made only of comgslible materials
such as glass, stainless steel, aluminum or plastic.

8. Exposure Gontrol/Personal Protection : 8.1 Occupational Exposure Limits Hydrogen peroxide: ACGIH
TLV and OSHA PEL = 1 ppm; LIK HSE EH40 STEL = 2 ppm; 10LH = 75 ppm

8.2 Personal Protection

Respirator Protection: If concendrations in excess of 1.0 ppm expected, use approved scha, Do nol use
madizable sorbanis such as activated carbon

Eye and Face Protection: Chemical splash gogghes. Protective Gloves: Rubber, neoprene or vinyl

Other Protective Clothing and Equipment: Palyester or acrylic full cover clalhing and rubber boots are
recormmanded,

Enginearing Controls/Ventilation: Genaeral or Local exhaust sufficient to conrol any release in excess of the
threshold limits.

§. Physical and Chemical Properties

Solubility in Water: Complate Specific Gravity: Approximately 1.1 = 1.13

Physical State/Appearance/Odor: Clear colordess liquid/odordess.

pH [as distributed): 0- 35 Freezing Point: -27F (-33C)

Odor Threshold, Vapor Pressure, Vapor Density, Evaporation Rate, Boiling Point and Freezing Point: MD
Coefficient of Water/Oll Distribution: KD

10. Stability and Reactivity

Stability: Stable Hazardous Polymerization: Wil not ccour,

Incompatible Materials: Cyanides, hexavalent chromivm comgounds, nifric acid, potassium permanganate,
cxidizers, reducers, combustible materials and flammable vapors.

Conditions to Avoid/Conditions of Reactivity: Unstable with heat and contamination; iberation of cxpgen gas
may resullin dangerous pressures

Hazardous Decomposition ar Byproduets: Contamination may cause rapld decomposition, oxygen gas
releage and dangerous pressures, May react dangerouwsly with alkalies, copper, dirt, dust, iron, heavy metals and
their salts and with organic materials {especially vinyl monomers).

11. Toxicological Information

11.1 Acute (Primary Routes of Exposure)

Eyes (Irritancy): Liquid is extremely irtating and corrosive. Causes burns; effects may be delayed. Permanant
eye damage and blindness can result. Vapors and mists are exdremely irilating

Skin (Irritancy or Sensitization): Liquid causes skin imilation and may cause burns afler pralonged exposure,
Causes bleaching of skin and sfinging sensation. Dermal LDS0 (Rabbal) > 2000 mglkg, Destruchan after 24
howrs exposure, Vapors and mists are extrarmely irmtating.

Inhalation: Vapors cause severa imitalion to the nose, throat and lunga. May result in coughing and shorness of
breath. LCS50 (Rat) (90% solution) = 2000 ppm.

Ingestion: Harmiul if swallowed. Causes burne to the gastrointestinal tract. Oral LDSO (Male Rat) = 1163
mgikg.

11.2 Long Term Exposure: Mong known. :

Carclnogenicity: |ARC, NTF and OSHA do nod list this product or its ingredients as carcinogens. ACGIH lisis
hydrogen peroxide as an A3 animal carcinogen,

Reproductive Toxicity/Teratogenicity/Mutagenicity Toxicologically Synargistic Products: MD

12. Ecological Information: Mone ayvailable.

13. Disposal Considerations: Emply cartridges should be ringed with waler before discarding, Unused material
should be diluted with water (1:20) and Aushed bo a sanitary sewer, if in accordance with slate, local and federal
regulations, For addibonal guidance, contact the State Water Board or the Regional Office of the EPA,

14. Transpaort Information

Ground: Hydrogen peroxide aqueous solulion, Oxidizer, Corrosive, 5.1, B, PG, UN2014

RoadiRail: ADR/RID Clags: UN 2014, Hydregen perowde aquecus solution, Ouidizer, Comosive, 51, 8, PGII
Sea: IMDG Class: Hydregen percxide agqueous solutian, Oxidzer, Corrogive, 51, 8, PGIIL, UN2014

Air: ICAQIATA Class: Product containers ane vented, therefore, product cannod be shipped by air.



Vaprox Hydrogen Peroxide Sterilant (35%)

For Use in STERIS VHP Equipment NFPA 704 HAZARD RATING:
HEALTH: 2

MSDS No. A122 FIRE: 1]

Prepared by: M. Ebers REACTIVITY: 1

Date Created: February 19, 2002 Date Reviged: May 8, 2007

16. Regulatory Information

EU Regulations: This preparalion is classified as dangerous as defined by the LK Chemicals (Hazard
Infarmation and Packaging for Supply) Regulations. These regulations implement a number of EC Directives
including the Dangerous Substances Direclive (§7/548/EEC and amendmaents). the Dangerous Preparations
Directive (19994 6/EEC and amendrments) and the Safety Data Sheets Direclive (811 SS/EEC and ansendment
EEC Classification: HARMFLIL

Hazard Symbaol: X,

Risk Phrases: R22: Harmful if swallowed, RIGMATIIE Irifating 1o eyes, regpiratory system and skin, R41: Risk of
senous damage 1o eyes

Safety Phrases: 51/2; Keep locked up and out of the reach of children, 517 Keep away from combustible
matanal. S26: In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. 5248:
After contact with skin, wash immediately with plenty of waler, S36/37/39: Wear suitable profectve clolhing,
ghoves and eyeface protection, S45: In case of accident or if you feel unwell, seek medical advies immediately
{show label where possible).

CAMADA: This product has been classified in accordance with the hazard critena of the Controlled Products
Regulations and the MEDS contains all of the information required by the Controlled Products Regulation
WHMIS: Product Identification Mo. 2014; Hazard Classification: Class C (Owidizer), Class D, Div. 2, Subdiv. B
(Texic) Class E (Corrosive)

Ingradient Disclosure List: Listed

16, Other Information: The informalion on this sheet is nol a specilication and does nol guaraniee specilic
properties, The infarmeation ks intended to provide general knowledge as to health and safety based upon ouwr
knowladge of the handling, storage and use of the product. 1t is not applicable to unuseal or non-standard uses of
fther product or wherne instruclion or recommendations are nat fallowed,

i - Mot Applicable  ND - Mo Data



Apex Laboratories Certificate of Analysis

Biological Indicator (Reorder # HMV-091)
for Gaseous Hydrogen Peroxide

Lot #: HO635

Expiration: 31 Oct 05

Indicator: Geobacillus stearothermophilus’ ATCC# 12980
Mean population: 2.5 x 10° CFU per carrier (heat shock value)
Storage: 2-8° C; move to ambient conditions before use.

Resistance Characteristics*:

D-value: 1.6 minutes in 2mg/L gaseous H,0,
Survives: 7.0 minutes
Killed: 16.6 minutes

*A D-value for this lot has been determined using a fraction negative procedure.
This value is reproducible only when exposed and cultured under identical
conditions used to obtafin this value.

Incubate at 55-60°C for 7 days. The recommended growth medium is
Soybean Casein Digest Broth.

This product is for Industrial Use Only.

Disposal: Treat as non-pathogenic material and sterilize (steam, EtO,
etc) or incinerate before discarding.

1 Derived from ATCC# 12980 (formerly Bacillus stearothermophilus)

(A urnd—

Quality Representative

Apex Laboratories, Inc.
P.O. Box 794

Apex, NC 27502-0794
Ph: 1919 775 7616
Fax: 1 919 775 7618

LIMITATION OF LIABILITY AND INDEMNITY

In no event, whether as a result of breach of contract, warranty, or tort (including negligence and strict liability) shall Apex Laboratories, Inc. or its
suppliers be liable for any consequential or incidental damages including, but not limited to loss of profits or revenues, lass of use of the Products
or any associated equipment, loss of the Buyer's Products, damage to associated equipment, cost of capital, cost of substitute products, facilities,
service or replacement power, downtime cost, caused by such Products, or claims of the users for such damages. Buyer for itself, its successors
and assigns, hereby agrees to indemnify Apex Laboratories, Inc. and to hold Apex Laboratories, Inc. harmless from any and all liability for such
consequential or incidental damages. The responsibility of Apex Laborateries, Inc. for damages due to injuries to employees of the Buyer or
ultimate user of the Product, caused by the Product, shall be limited to repair or replacement of the item, at the option of Apex Laboratories, Inc.
The Buyer agrees to indemnify Apex Laborateries, Inc. and hold Apex Laboratories, Inc. harmless from any further damages, indemnity or
contribution. Apex Laboratories, Inc.’s liability for any claim of any kind, including performance or breach thereof, or from the Products or
Services furnished hereunder, shall in no case exceed the price of the specified Product, system, component or service which gives rise to the

claim.



STERIS

=
SAFETY DATA SHEET

1. ldentification of the Substance and Company
VHP Chemical Indicator with Control Strip
Product No. NB305 NFPA 704 HAZARD RATING:
MSDS No. $130 HEALTH: ]

FIRE: 0
Prepared by: M. Ebers REACTIVITY: ]

Date Created: October 2, 2003 Date Revised: NA Date Reviewed: February 25, 2004

STERIS Corporation, P. O. Box 147, St. Louis, MO 63166, US
Emergency Telephone No.1-314-535-1395 (STERIS); 1-800-424-9300 (CHEMTREC)
Telephone Number for Information: 1-800-548-4873 (Customer Service-Healthcare Products)

STERIS Limited, STERIS House, Jays Close, Viables, Basingstoke, Hampshire, RG22 4AX, UK

Emergency Phone No: +44 (0) 1895 622639
Product/Technical Information Phone No: +44 (0) 1256 840400

The VHP Chemical Indicator with Control Strip is NOT a hazardous product according to the
OSHA Hazard Communication Standard, 29CFR 1910.1200.

The WVHP Chemical Indicator with Control Strip provides a visual assurance that exposure to
hydrogen peroxide vapor has taken place. After processing, the VHP Chemical Indicator can be
placed into a log book for record keeping.

The VHP Chemical Indicators should be kept dry and stored at room temperature.

SHIPPING INFORMATION: NOT RESTRICTED



f@ International High Containment Biosafety Workshop

May 10 - 15, 2009

Project Title:

Space Decontamination using Gaseous Chlorine Dioxide
Instructors:

Jay Krishnan, Greg Fey

Introduction:

Gaseous Chlorine Dioxide (GCD) is another alternative to formaldehyde that we are
working with at our facility. Unlike formaldehyde, it does not require neutralization

or leave any residues. Chlorine dioxide has an unpaired electron in its orbit making
it a potent free radical and therefore it efficiently Kills all classes of microorganisms.

To produce GCD, we use the ClorDiSys GCD generator. It uses 2% chlorine gas and
a set of sodium chlorite cartridges. Passing the chlorine gas through the chlorite
bed creates GCD. Unlike VHP, GCD requires high humidity, which is achieved using
a humidifier. The GCD decontamination process is made up of five phases.

1. Pre conditioning: Raises the relative humidity (RH) to the programmed set
point (70-90%). During this phase the generator monitors the RH but does
not inject GCD. When the set RH is reached the generator shuts the
humidifier off.

2. Conditioning phase: The set RH is maintained for the programmed length
of time, at least 5 minutes for our experiments. If the RH falls below the set
point, the generator can turn the humidifier on. During this phase the
generator does not inject the gas.

3. Charging phase: GCD is generated and injected to the enclosure to reach
the programmed concentration.

4. Exposure phase: During this phase the generator maintains the pre set
GCD concentration and the RH for the programmed length of time.

5. Aeration phase: Injection of the gas is stopped. The air in the enclosure can
either be vented out directly or via charcoal filters. Aeration reduces the
levels of GCD in the enclosure to an acceptable level for re-entry to retrieve
biological and chemical indicators. Venting the enclosure to the outside via
the HVAC system can shorten duration of this phase. The enclosure is



considered contaminated until all the biological indicators show no sign of
growth upon incubation up to a week.

The CL3 laboratory that we will use for this project was constructed according to
the Agriculture and Agri-Food Canada Containment Standards for Veterinary
Facilities. This lab contains a Class I1l Biological Safety Cabinet, which has 3
chambers. We will set-up a GCD decontamination exercise in one of the chambers.

Project Goal & Outcome:

Upon completing this workshop the participants will be able to set up and
decontaminate an enclosure using GCD. They will also be able to monitor for GCD
using air-sampling equipment and validate the decontamination process with
chemical and biological indicators.

Material & Methods:

e ClorDiSys GCD Generator
GCD Chemical Indicator Part Number-CSI-CHK-001 (ClorDiSys)

e Biological Indicators Part Number-CSI-BI1-001 (Spores of B. atrophaeus,
ClorDiSys)

Drager Accuro-2000 pump & GCD detection tubes.

e Drager POLYTRON 2 (Room Monitor) with sensor for Low Concentration GCD.
This instrument can be placed in the room to detect any GCD leak from the
Class 11l BSC. The concentration will be displayed in ppm on the POLYTRON
2.

e Ladder

Project Outline:

Introduction to decontamination work with GCD at our facility
Introduction to the ClorDisys GCD Generator

Safety considerations and detection methods

Brief description of the hands-on workshop

Hands-on Workshop

Set up a cabinet of the Class Il1 BSC for decontamination
Run the cycle

Monitoring and logging of GCD concentration inside the chamber
Retrieve biological and chemical experiment

Summary
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GCD DECONTAMINATION SET-UP

The GCD generator has already been hooked up to the primary chamber of the
Class Ill BSC

Inspect the integrity of the gloves of the Class 111 BSC.

Place four Bl and CI pairs in the chamber (top, bottom, left, right).

Place the small fan in the chamber and connect to the power supply.

Check water level in the humidifier and place it inside chamber. Then connect to
orange power outlet provided by the GCD generator and insure that the humidifier
power switch is on.

Check all connections and open their valves.
0 GCD supply port
o0 GCD sampling port for the spectrometer
0 Pressure relief valve

Set up a ClO; sensor just outside the chamber to detect gas leaks.

Contact Controls Technician to isolate or reduce Airflow to the Class 111 BSC.
Contact Security regarding the alarms from the Class 111 BSC.

Close the SUPPLY VALVE(S) on the Class Il BSC chamber(s) being
decontaminated.

Close the EXHAUST VALVE(S) of the corresponding chamber(s).

Load decontamination cycle 1 for the primary chamber.

0 Pre-Conditioning - optional leak test and raise RH to set point
Conditioning - 5 minutes at 80% RH
Charge — Generation and delivery of GCD
Exposure - 30 minutes at 5.0 mg/L GCD and 80% RH
Aeration

©O O0OO0Oo

Place Decontamination warning signs on the enclosure
Start the decontamination cycle
o0 Clear all alarms on the GCD generator.
0 Abort cycle if the sensor reads gas leak out of the chamber.

Post Decontamination:

o000 OoOooO0o

Verify the decontamination process is complete.

Consider the enclosure contaminated until the results are back from the Bls.

Open the EXHAUST VALVE(S) on the Class |1l BSC.

Open the SUPPLY VALVE(S) on the Class 111 BSC.

Measure the CIO, concentration in the enclosure using a gas detection tube for
ClO,. Do Not Enter the enclosure until the CIO, concentration is less than 0.1ppm.
Retrieve the Chemical and Biological Indicators from the enclosure.

Process the Biological Indicators for incubation.

Read Biological indicators.
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MATERIAL SAFETY DATA SHEET MS-50079
EFFECTIVE: 7/7/02

CHLORINE DIOXIDE GENERATING CARTRIDGE REVISION: A
CO-00301-1

FOR PRODUCT ASSISTANCE CONTACT CLORDISYS SOLUTIONS, INC. - (908) 236-4100

EMERGENCY TELEPHONE NUMBERS (U.S.): CLORDISYS SOLUTIONS, INC.: 1-908-236-4100
Prepared to U.S. OSHA, CMA, ANSI, Canadian WHMIS and European Community Standards

ClorDiSys Solutions, Inc.
P.O. Box 138
Lebanon, NJ 08833-0138

PART | What is the material and what do | need to know in an emergency?

1. PRODUCT IDENTIFICATION
TRADE NAME (AS LABELED): CHLORINE DIOXIDE GENERATING CARTRIDGE
CHEMICAL NAME/CLASS: Oxidizing Solid
PRODUCT USE: Various Applications
SUPPLIER/MANUFACTURER'S NAME: CLORDISYS SOLUTIONS, INC.
U.S. ADDRESS: P.O. Box 138

Lebanon, NJ 08833

U.S. EMERGENCY PHONE: CLORDISYS SOLUTIONS, INC.: 1-908-236-4100
U.S. BUSINESS PHONE: 1-908-236-4100
DATE OF PREPARATION: September 29, 2000

2. COMPOSITION and INFORMATION ON INGREDIENTS

CHEMICAL NAME CAS # EINECS # % wiw EXPOSURE LIMITS IN AIR
ACGIH-TLV OSHA-PEL OTHER
TWA STEL TWA STEL IDLH
mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
Sodium Chlorite 7758-19-2 | 231-836-6 | 88-94 NE NE NE NE NE NE
Proprietary Inert Ingredient 6-12 NE NE NE NE NE NE
NE = Not Established. See Section 16 for Definitions of Terms Used.

NOTE (1): ALL WHMIS required information is included in appropriate sections based on the ANSI Z400.1-1998 format. This product has been classified
in accordance with the hazard criteria of the CPR and the MSDS contains all the information required by the CPR.

3. HAZARD IDENTIFICATION

EMERGENCY OVERVIEW: This product is a white, flaked, oxidizing solid, packaged in a cartridge. This product may
have a slight chlorine odor. Health Hazards: The chief health hazard associated with responses would be the potential
for irritation of the eyes, skin, nose, and other tissues which come in contact with this product. Flammability Hazards:

This product can act to initiate and sustain the combustion of combustible materials. This material releases oxygen upon
decomposition. Reactivity Hazards: Heat may be generated if this product comes in contact with water. Environmental
Hazards: This product is harmful to terrestrial or aquatic plant and animal life. Emergency Recommendations:
Emergency responders must wear proper personal protective equipment for the releases to which they are responding.

SYMPTOMS OF OVEREXPOSURE BY ROUTE OF EXPOSURE: The most significant routes of occupational overexposure
are inhalation and contact with skin and eyes. The symptoms of overexposure to this product, via route of entry, are as
follows:

INHALATION: If dusts or particulates of this product are inhaled, difficulty breathing, irritation, coughing, and a sore throat
may occur. Prolonged exposures or exposures to high dust concentrations of this product may damage the tissues of the
respiratory system.

PAGE 1 OF 10




MATERIAL SAFETY DATA SHEET MS-50079
EFFECTIVE: 7/7/02

CHLORINE DIOXIDE GENERATING CARTRIDGE REVISION: A
CO-00301-1

3. HAZARD IDENTIFICATION (Continued)

CONTACT WITH SKIN or EYES: Eye contact can cause irritation, redness,
watering, and burns. Depending on the duration of skin contact, skin | HAZARDOUS MATERIAL IDENTIFICATION SYSTEM
overexposures may cause reddening, discomfort, irritation, and burns.
Prolonged or repeated skin contact may cause dermatitis (inflamed, red

skin). HEALTH (BLUE)| 1

SKIN ABSORPTION: Skin absorption is not a significant route of over-
exposure for any component of this product.

INGESTION: Ingestion is not anticipated to be a likely route of occupational
exposure to this product. If this product is swallowed, vomiting, nausea, FLAMMABILITY (RED)| 1
diarrhea, and abdominal pain may result. Symptoms of such overexposure
can include intestinal bleeding, blood in urine, kidney damage, kidney
failure, and cessation of urination. Severe ingestion overexposure may
cause liver damage, labored breathing, convulsions, and coma. If REACTIVITY  (vELLow)| 1
swallowed, this product may produce large quantities of oxygen gas that can
cause severe damage by physical pressure. Ingestion of large volumes of

this product may be fatal. PROTECTIVE EQUIPMENT B
INJECTION: Injection is not anticipated to be a significant route of

overexposure for this product. Injection of this product (via puncture with a EYES RESPIRATORY HANDS BODY
contaminated object) can cause pain and irritation in addition to the wound.

HEALTH EFFECTS OR RISKS FROM EXPOSURE: An Explanation in Lay @ SEE SECTION S W SEE SECTION
Terms.

ACUTE: Inhalation may cause difficulty breathing, irritation, coughing, and a
sore throat. Skin contact may cause reddening, discomfort, irritation, and
burns if contact is prolonged. Eye contact can cause irritation, redness,
watering, and burns. Severe ingestion overexposures may be fatal.

CHRONIC: Prolonged or repeated skin contact may cause dermatitis (inflamed, red skin). Refer to Section 11 (Toxicology
Information) for additional information on this product’'s components.

TARGET ORGANS: Acute: Skin, eyes, gastrointestinal system, respiratory system.
Chronic: Skin, respiratory system.

For routine applications.
See Section 16 for Definition of Ratings

PART I I What should | do if a hazardous situation occurs?
4. FIRST-AID MEASURES

Contaminated individuals must seek medical attention if any adverse effect occurs. Take a copy of label and MSDS to
physician or health professional with the contaminated individual(s).

SKIN EXPOSURE: If spilled on skin, begin decontamination with copious amounts of running water. Remove exposed or
contaminated clothing, taking care not to contaminate eyes.

EYE EXPOSURE: If the product enters the eyes, open victim's eyes while under gently running water. Use sufficient force to
open eyelids. Have the contaminated individual "roll" eyes. The recommended minimum flushing time is 15 minutes.
INHALATION: If airborne dusts of this product are inhaled, remove victim to fresh air.

INGESTION: If this product is swallowed, DO NOT INDUCE VOMITING. CALL PHYSICIAN OR CALIFORNIA POISON
CONTROL CENTER (1-800-764-7661; 1-800-876-4766) FOR MOST CURRENT INFORMATION.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Preexisting dermatitis, other skin disorders, kidney disorders, liver
disorders, and blood disorders may be aggravated by exposure to this product.

RECOMMENDATIONS TO PHYSICIANS: Treat symptoms and eliminate overexposure.

PAGE 2 OF 10




MATERIAL SAFETY DATA SHEET MS-50079
EFFECTIVE: 7/7/02

CHLORINE DIOXIDE GENERATING CARTRIDGE REVISION: A
CO-00301-1

5. FIRE-FIGHTING MEASURES
FLASH POINT: Not applicable.

AUTOIGNITION TEMPERATURE: Not applicable. NFPA RATING
FLAMMABLE LIMITS (in air by volume, %): FLAMMABILITY
Lower (LEL): Not applicable.
Upper (UEL): Not applicable.
FIRE EXTINGUISHING MATERIALS: Select fire extinguishing media
appropriate for the surrounding area.

Water Spray: YES (for cooling) Carbon Dioxide: YES HEALTH REACTIVITY
Foam: YES Dry Chemical: YES
Halon: YES Other: Any "ABC" Class.

UNUSUAL FIRE AND EXPLOSION HAZARDS: This product is irritating and
presents a moderate inhalation and contact hazard to firefighters. When

involved in a fire, this material may decompose and produce irritating vapors OTHER

and toxic gases (e.g., sodium oxides, hydrogen chloride). This product may

become unstable at elevated temperatures. This product is an oxidizer; it can See Section 16 for
act to initiate and sustain the combustion of flammable materials. Definition of Ratings

Explosion Sensitivity to Mechanical Impact: Not sensitive.

Explosion Sensitivity to Static Discharge: Not sensitive.
SPECIAL FIRE-FIGHTING PROCEDURES: Prevent the spread of any released product to combustible objects. Structural
firefighters must wear Self-Contained Breathing Apparatus and full protective equipment. Chemical resistant clothing may be
necessary. Move containers from fire area if it can be done without risk to personnel. Cool fire-exposed containers with water
to prevent rupture. If possible, prevent runoff water from entering storm drains, bodies of water, or other environmentally
sensitive areas. Rinse contaminated equipment thoroughly before returning such equipment to service.

6. ACCIDENTAL RELEASE MEASURES

RELEASE RESPONSE: Prevent the spread of any released product to combustible objects. Fans and portable vacuum units
can be used to increase ventilation if deemed necessary. For small releases, clean up spilled solid wearing gloves, goggles,
faceshield, and suitable body protection. The minimum Personal Protective Equipment recommended for response to non-
incidental releases should be Level B: triple-gloves (fire-retardant gloves and nitrile gloves over latex gloves), chemical
resistant suit and boots, hard hat, and Self-Contained Breathing Apparatus. A fire-retardant suit must be worn over the
chemical resistant suit. Monitor the area for levels of this product's components and the level of oxygen. Monitoring must
indicate that exposure levels are below those provided in Section 2 (Composition and Information on Ingredients) and that
oxygen levels are above 19.5% before anyone is permitted in the area without Self-Contained Breathing Apparatus.

Sweep up or vacuum spilled solid. Test area with Starch-lodide paper. If Starch-lodide paper becomes discolored when in
contact with an area moistened with water, neutralize area with 5% sodium thiosulfate solution. Place all spill residue in a
suitable container. Dispose of in accordance with applicable U.S. Federal, State, or local procedures, or the appropriate
standards of Canada and EC Member States (see Section 13, Disposal Considerations).

PART “l How can | prevent hazardous situations from occurring?

7. HANDLING and STORAGE

WORK AND HYGIENE PRACTICES: As with all chemicals, avoid getting this product ON YOU or IN YOU. Wash thoroughly
after handling this product. Do not eat, drink, smoke, or apply cosmetics while handling this product. Avoid breathing dusts
generated by this product. Use in a well-ventilated location. Remove contaminated clothing immediately.
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7. HANDLING and STORAGE (Continued)

STORAGE AND HANDLING PRACTICES: All employees who handle this material should be trained to handle it safely.
Keep container tightly closed when not in use. Store containers in a cool, dry location, away from direct sunlight, sources of
intense heat, or where freezing is possible. Store containers away from incompatible chemicals (see Section 10, Stability and
Reactivity). Storage areas should be made of fire-resistant materials. Post warning and “NO SMOKING” signs in storage and
use areas, as appropriate. Floors should be sealed to prevent absorption of this material. Inspect all incoming containers
before storage, to ensure containers are properly labeled and not damaged. Have appropriate extinguishing equipment in the
storage area (e.g., sprinkler system, portable fire extinguishers). Refer to NFPA 43A, Liquid, Solid Oxidizers, for additional
information on storage. Empty containers may contain residual particulates; therefore, empty containers should be handled
with care. Never store food, feed, or drinking water in containers that held this product.

PROTECTIVE PRACTICES DURING MAINTENANCE OF CONTAMINATED EQUIPMENT: Follow practices indicated in
Section 6 (Accidental Release Measures). Make certain that application equipment is locked and tagged-out safely if
necessary. Collect all rinsates and dispose of according to applicable U.S. Federal, State, or local procedures and
appropriate Canadian standards.

8. EXPOSURE CONTROLS - PERSONAL PROTECTION
VENTILATION AND ENGINEERING CONTROLS: Use with adequate ventilation to ensure exposure levels are maintained
below the limits provided in Section 2 (Composition and Information on Ingredients), if applicable. If existing ventilation is not
adequate, product should be used with a local exhaust hood, or in ductless fume hood/portable ventilation system. All
ventilation systems should pull air at or below the open container in order to pull dusts away from the person using the
product. Ensure eyewash/safety shower stations are available near areas where this product is used.
INTERNATIONAL OCCUPATIONAL EXPOSURE LIMITS: In addition to the exposure limit values cited in Section 2
(Composition and Information on Ingredients), other exposure limits have been established by various countries for the
components of this mixture; however, these values are not provided in this MSDS.
RESPIRATORY PROTECTION: None normally required for routine use. If respiratory protection is needed, such as during
use of this product with other materials, or during emergency response to uncontrolled releases, use only protection
authorized in 29 CFR 1910.134, applicable U.S. State regulations, Canadian CSA Standard Z294.4-93, or EC Member States
(per European Standard EN 149). Oxygen levels below 19.5% are considered IDLH by OSHA. In such atmospheres, use of
a full-facepiece pressure/demand SCBA or a full facepiece, supplied air respirator with auxiliary self-contained air supply is
required under OSHA'’s Respiratory Protection Standard (1910.134-1998).
EYE PROTECTION: Safety glasses as authorized in 29 CFR 1910.133, applicable U.S. State regulations, or the appropriate
standards of Canada and its Provinces or EC Member States (per European Standard EN 166).
HAND PROTECTION: None required when handling chemical in a sealed container. When direct contact with Chlorine
Dioxide is possible, use butyl rubber, natural rubber, neoprene, and nitrile rubber gloves for routine use (do not use polyvinyl
gloves). Gloves should be changed frequently during use of product. Use triple gloves for spill response, as stated in Section
6 (Accidental Release Measures) of this MSDS.
BODY PROTECTION: None required when handling chemical in a sealed container. When direct contact with Chlorine
Dioxide is possible, use body protection appropriate for task (e.g., gown or apron).

9. PHYSICAL and CHEMICAL PROPERTIES

RELATIVE VAPOR DENSITY (air = 1): Not established. EVAPORATION RATE (n-BuAc = 1): Similar to water.
SPECIFIC GRAVITY (water = 1): Not established. MELTING/FREEZING POINT: 180-200°C (356-392°F)
SOLUBILITY IN WATER @ 25°C: 39%. BOILING POINT: Not established.

VAPOR PRESSURE, mm Hg @ 20°C: Not established. pH (25% Solution): > 12

COEFFICIENT OF OIL/WATER DISTRIBUTION (PARTITION COEFFICIENT): Not established.

ODOR THRESHOLD: Not established. . FORM: Solid.

COLOR: White, flaky. ODOR: Slight chlorine.

VISCOSITY: Not applicable. FLASH POINT: Not applicable.

HOW TO DETECT THIS SUBSTANCE (warning properties): The odor and appearance may be a distinguishing
characteristic for this product if spilled.
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10. STABILITY and REACTIVITY

STABILITY: Stable.

DECOMPOSITION PRODUCTS: Products of thermal decomposition include sodium oxides and hydrogen chloride.

MATERIALS WITH WHICH SUBSTANCE IS INCOMPATIBLE: Strong reducers, finely powdered metals, phosphorus, sulfur,
zinc, ammonia, organic materials, combustible materials.

HAZARDOUS POLYMERIZATION: Will not occur.
CONDITIONS TO AVOID: Avoid exposure to or contact with extreme temperatures, incompatible chemicals.

PART |V Is there any other useful information about this material?

11. TOXICOLOGICAL INFORMATION

TOXICITY DATA: The specific toxicology data available for the Sodium Chlorite component of this product are as follows.
Data for other components are not given on this MSDS.

SODIUM CHLORITE:

Mutation in  Microorganisms
typhimurium) = 300 pg/plate

DNA Inhibition (oral, rat) =
weeks/continuous

Sperm Morphology (oral, rat) = 660 mg/kg/66
days/continuous

Micronucleus Test (intraperitoneal, mouse) =
15 mg/kg

Cytogenetic Analysis (fibroblast, hamster) = 20
mg/L

TDLo (oral, rat) = 365 mg/kg/1 year/continuous;
Blood: pigmented or nucleated red blood

(Salmonella

84 mg/kg/12

cells, changes in other cell count
(unspecified);  Nutritional and  Gross
Metabolic: weight loss or decreased weight
gain

TDLo (oral, rat) = 182 g/kg/26
weeks/intermittent; Liver function tests

impaired; Changes in serum composition
(e.g. TP, bilirubin, cholesterol), Enzyme
inhibition, induction, or change in blood or
tissue levels: phosphatases

SODIUM CHLORITE (continued):

TDLo (oral, rat) = 800 mg/kg/female 8-15 days
after conception; Reproductive: Effects on
Embryo or Fetus: fetotoxicity (except death,
e.g., stunted fetus)

TDLo (oral, rat) = 16 g/kg/female 8-15 days
after conception; Reproductive: Fertility:
post-implantation mortality (e.g. dead
and/or resorbed implants per total number
of implants)

TDLo (oral, rat) = 660 mg/kg/male 66 days pre-
mating; Reproductive: Paternal Effects:
spermatogenesis (incl. genetic material,
sperm morphology, motility, and count)

TDLo (oral, rat) = 1130 mg/kg/male 8 weeks
pre-mating/female 2 weeks pre-mating: 3
weeks post-birth; Reproductive: Effects on
Newborn: biochemical and metabolic

TDLo (intraperitoneal, rat) = 160 mg/kg/female
8-15 days after conception; Reproductive:
Fertility: post-implantation mortality (e.g.
dead and/or resorbed implants per total
number of implants)

SODIUM CHLORITE (continued):

TDLo (intraperitoneal, rat) = 80 mg/kg/female
8-15 days after conception; Reproductive:
Effects on Embryo or Fetus: fetotoxicity
(except death, e.g., stunted fetus)

TDLo (oral, mouse) = 29,750 mg/kg/85
weeks/continuous; Tumorigenic:
Carcinogenic by RTECS criteria; Liver:
tumors

TDLo (oral, mouse) = 22 g/kg/female 1-21
days after conception/lactating female 28
days post-birth; Reproductive: Effects on
Newborn: growth statistics (e.g.%, reduced

weight gain)

LDso (oral, rat) = 165 mg/kg; jaundice, other or
unclassified; Kidney, Ureter, Bladder:
interstitial nephritis; Biochemical:

Metabolism (Intermediary): other
LCso (inhalation, rat) = 230 mg/m®4 hours
LDso (oral, mouse) = 350 mg/kg
LDso (oral, guinea pig) = 300 mg/kg

SUSPECTED CANCER AGENT: The components of this product are not found on the following lists: U.S. FEDERAL OSHA
Z LIST, NTP, IARC, and CAL/OSHA and therefore are neither considered to be nor suspected to be cancer-causing agents

by these agencies..

IRRITANCY OF PRODUCT: This product may be mildly to moderately irritating to contaminated tissue, especially after

prolonged or repeated exposure.

SENSITIZATION TO THE PRODUCT: This product is not known to be a skin or respiratory sensitizer.
REPRODUCTIVE TOXICITY INFORMATION: Listed below is information concerning the effects of this product and its

components on animal and human reproductive systems.
Mutagenicity: This product is not reported to produce mutagenic effects in humans. Animal mutation data are available for
the Sodium Chlorite component of this product; these data were obtained during clinical studies on specific human animal
tissues exposed to high doses of these compounds.
Embryotoxicity: This product is not reported to produce embryotoxic effects in humans.

Teratogenicity:

This product is not reported to cause teratogenic effects in humans. Clinical studies on test animals

exposed to relatively high doses of the Sodium Chlorite component of this product provided teratogenic data.
Reproductive Toxicity: This product is not reported to cause reproductive effects in humans. Clinical studies on test
animals exposed to relatively high doses of the Sodium Chlorite component of this product provided reproductive toxicity

data.
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11. TOXICOLOGICAL INFORMATION (Continued)

REPRODUCTIVE TOXICITY INFORMATION (continued): A mutagen is a chemical that causes permanent changes to
genetic material (DNA) such that the changes will propagate through generational lines. An embryotoxin is a chemical that
causes damage to a developing embryo (i.e. within the first eight weeks of pregnancy in humans), but the damage does not
propagate across generational lines. A teratogen is a chemical that causes damage to a developing fetus, but the damage
does not propagate across generational lines. A reproductive toxin is any substance that interferes in any way with the
reproductive process.

ACGIH BIOLOGICAL EXPOSURE INDICES: Currently, there are no ACGIH Biological Exposure Indices (BEIs) determined
for the components of this product.

12. ECOLOGICAL INFORMATION
ALL WORK PRACTICES MUST BE AIMED AT ELIMINATING ENVIRONMENTAL CONTAMINATION.
ENVIRONMENTAL STABILITY: The components of this product will slowly decompose into other organic compounds.

EFFECT OF MATERIAL ON PLANTS or ANIMALS: This product may be harmful to plant and animal-life (especially if large
guantities are released).

EFFECT OF CHEMICAL ON AQUATIC LIFE: This product may be harmful to aquatic plant and animal life. Additional
aquatic toxicity data are available for components of this product:

SODIUM CHLORITE: SODIUM CHLORITE:

LCsq (Carassius auratus goldfish) 240 hours = 11,764.3 mg/L (@ 23.5°C, LCso (Tinca tinca tench) 24 hours = 119 mg/L @ 25°C, freshwater, static
tap water, static bioassay) bioassay)

LCsp (Tinca tinca tench) 12 hours = 112 mg/L @ 25°C, freshwater, static LCsp (Tinca tinca tench) 24 hours = 104 mg/L @ 20°C, freshwater, static
bioassay) bioassay)

LCso (Tinca tinca tench) 12 hours = 1142 mg/L @ 20°C, freshwater, ECso (Daphnia magna water flea) 48 hours = 340.7-469.2 mg/L s.c.
static bioassay) (11.5-14.5°C, well water, static bioassay)

GERMAN ENVIRONMENTAL LISTINGS:
Aquatic Hazard Class (WGK): None of the components of this product have specific WGK classifications assigned. As
such, the classification for this product, per the VwVS regulations is WGK 3.

Chemical Rating
Sodium Chlorite 2

13. DISPOSAL CONSIDERATIONS

PREPARING WASTES FOR DISPOSAL: Waste disposal must be in accordance with appropriate U.S. Federal, State, and
local regulations or with regulations of Canada or EC Member States. Unused product, if unaltered, may be disposed of by
treatment at a permitted facility or as advised by your local hazardous waste regulatory authority. See product insert for
further information.

U.S. EPA WASTE NUMBER: D001 (Characteristic/lgnitability), applicable to wastes consisting only of this product.

14. TRANSPORTATION INFORMATION

THIS MATERIAL 1S HAZARDOUS AS DEFINED BY 49 CFR 172.101 BY THE U.S. DEPARTMENT OF
TRANSPORTATION.

PROPER SHIPPING NAME: Sodium Chlorite
HAZARD CLASS NUMBER and DESCRIPTION: 5.1 (Oxidizer)
UN IDENTIFICATION NUMBER: UN 1496

PACKING GROUP: PG

DOT LABEL(S) REQUIRED: Oxidizer

NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER, 2000: 143
MARINE POLLUTANT: No component of this product is designated as a Marine Pollutant, per Appendix B to 49 CFR
172.101.
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14. TRANSPORTATION INFORMATION (Continued)

TRANSPORT CANADA, TRANSPORTATION OF DANGEROUS GOODS REGULATIONS: This material is considered as
dangerous goods. Use the above information for the preparation of Canadian Shipments. Additional Canadian
information provided below.

SPECIAL PROVISION: 3

LTC INDEX: 6

LIMIT PASSENGER CARRYING VEHICLE: 5 kg

LIMIT PASSENGER CARRYING SHIP: Prohibited

MARINE POLLUTANT: Possible Marine Pollutant

INTERNATIONAL AIR TRANSPORT ASSOCIATION (IATA): THIS MATERIAL IS CONSIDERED AS DANGEROUS
GOODS UNDER IATA RULES. This material is considered as dangerous goods by the International Air Transport
Association.

PROPER SHIPPING NAME: Sodium Chlorite
HAZARD CLASS NUMBER and DESCRIPTION: 5.1 (Oxidizer)

UN IDENTIFICATION NUMBER: 1496

PACKING GROUP: PG

HAZARD LABEL(S) REQUIRED: OXIDIZER

ERG CODE: 5L

The following Packaging Information is applicable to this product:

PROPER SHIPPING NAME PASSENGER AND CARGO AIRCRAFT CARGO AIRCRAFT ONLY

Limited Quanti
Sodium Chlorite Q ty

Packing Max. Qty Packing Max. Qty Packing Max. Qty
Instruction per Pkg Instruction per Pkg Instruction per Pkg
Y509 2.5kg 509 5kg 512 25 kg

INTERNATIONAL MARITIME ORGANIZATION (IMO): This material is considered as dangerous goods by the International
Maritime Organization.

PROPER SHIPPING NAME: Sodium Chlorite
HAZARD CLASS NUMBER and DESCRIPTION: 5.1 (Oxidizer)

UN IDENTIFICATION NUMBER: 1496

PACKING GROUP: PG

LABEL(S) REQUIRED: OXIDIZER

MARINE POLLUTANT: This product is not designated by the IMO to be a Marine Pollutant.

EUROPEAN AGREEMENT CONCERNING THE INTERNATIONAL CARRIAGE OF DANGEROUS GOODS BY ROAD
(ADR): This material is considered by the United Nations Economic Commission for Europe to be dangerous goods.

Substance ldentification No.: 1496

Name of Substance: Sodium Chlorite
Hazard Identification No. (Description): 50

Label: 5.1 (OXIDIZER)
Class and Item Number: 5.1 14° (b)
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15. REGULATORY INFORMATION

ADDITIONAL U.S. REGULATIONS:

U.S. SARA REPORTING REQUIREMENTS: There are no components of this product that are subject to the reporting
requirements of Sections 302, 304, and 313 of Title Ill of the Superfund Amendments and Reauthorization Act.

U.S. SARA THRESHOLD PLANNING QUANTITY: There are no specific Threshold Planning Quantities for the components
of this product. The default Federal MSDS submission and inventory requirement filing threshold of 10,000 Ib (4540 kg) may
apply, per 40 CFR 370.20.

U.S. CERCLA REPORTABLE QUANTITY (RQ): None

U.S. TSCA INVENTORY STATUS: The components of this product are listed on the TSCA Inventory.

OTHER U.S. FEDERAL REGULATIONS: Not applicable.

U.S. STATE REGULATORY INFORMATION: Components of this product are not covered under any specific State
regulations.

CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT (PROPOSITION 65): No component of this
product is on the California Proposition 65 lists.

ANSI LABELING (Z129.1): DANGER! OXIDIZER. CONTACT WITH OTHER MATERIAL MAY CAUSE FIRE. MAY
CAUSE RESPIRATORY TRACT, SKIN, AND EYE IRRITATION. MAY BE HARMFUL IF SWALLOWED. Keep from contact
with clothing and other combustible materials. Do not taste or swallow. Avoid contact with skin and eyes. Avoid breathing
dusts or particulates. Store in tightly closed container. Use only with adequate ventilation. Wash thoroughly after handling.
Wear gloves, goggles, faceshields, suitable body protection, and NIOSH-approved respiratory protection as appropriate.
FIRST-AID: In case of contact, immediately flush skin or eyes with plenty of water for at least 15 minutes while removing
contaminated clothing and shoes. If inhaled, remove to fresh air. If ingested, do not induce vomiting. Get medical attention.
IN CASE OF FIRE: Use water fog, dry chemical, CO,, or “alcohol” foam. IN CASE OF SPILL: Sweep up spill, avoiding the
generation of airborne dusts. Place residue in suitable container. Consult Material Safety Data Sheet for additional
information.

ADDITIONAL CANADIAN REGULATIONS:
CANADIAN DSL/NDSL INVENTORY STATUS: The components of this product are listed on the DSL Inventory.
OTHER CANADIAN REGULATIONS: Not applicable.
CANADIAN ENVIRONMENTAL PROTECTION ACT (CEPA) PRIORITY SUBSTANCES LISTS: The components of this
product are not on the CEPA Priority Substances Lists.
CANADIAN WHMIS SYMBOLS: Class C: Oxidizer
Class D2B: Other Toxic Effects (Harmful if swallowed)
Class E: Corrosive Material
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15. REGULATORY INFORMATION (Continued)

EUROPEAN COMMUNITY INFORMATION:

EC LABELING AND CLASSIFICATION: This product meets the definition of Oxidizing [O] and Toxic [T] as defined by the

European Community Council Directive 67/548/EEC.

EC CLASSIFICATION: Oxidizing; Toxic [O; T]

EC RISK PHRASES: Contact with combustible material may cause fire. Toxic by inhalation, in contact with skin, and if
swallowed. Irritating to eyes, respiratory system, and skin. [R: (2)-8-23/24/25-36/37/38]

EC SAFETY PHRASES: Keep out of reach of children. (This safety phrase can be omitted from the label when the
substance or preparation is sold for industrial use only.) Keep away from combustible material. In case of contact with
eyes, rinse immediately with water and seek medical advice. Take off immediately all contaminated clothing. Wear
suitable protective clothing, gloves, and eye/face protection. If swallowed, seek medical advice immediately and show
this container or label. [S: (2)-17-26-27-36/37/39—-46]

EUROPEAN COMMUNITY ANNEX Il HAZARD SYMBOL.:

EUROPEAN COMMUNITY INFORMATION FOR CONSTITUENTS: The following information is available for components of
this product.

Sodium Chlorite:

EC EINECS/ELINCS NUMBER: 231-836-6.

EC CLASSIFICATION: Oxidizing; Toxic [O; T]

EC RISK PHRASES: Contact with combustible material may cause fire. Toxic by inhalation, in contact with skin, and if
swallowed. Irritating to eyes, respiratory system, and skin. [R: 8-23/24/25-36/37/38]

EC SAFETY PHRASES: Keep out of reach of children. (This safety phrase can be omitted from the label when the
substance or preparation is sold for industrial use only.) Keep away from combustible material. In case of contact with
eyes, rinse immediately with water and seek medical advice. Take off immediately all contaminated clothing. Wear
suitable protective clothing, gloves, and eye/face protection. [S: (2)-17-26—27-36/37/39]

16. OTHER INFORMATION

PREPARED BY: CHEMICAL SAFETY ASSOCIATES, Inc.
9163 Chesapeake Drive, San Diego, CA 92123-1002
(858) 565 - 0302

DATE OF PRINTING: October 1, 2002

The information contained herein is based on data considered accurate. However, no warranty is expressed or implied regarding the accuracy of
these data or the results to be obtained from the use thereof. ClorDiSys Solutions, Inc. assumes no responsibility for injury to the vendee or third
persons proximately caused by the material if reasonable safety procedures are not adhered to as stipulated in the data sheet. Additionally,
ClorDiSys Solutions, Inc. assumes no responsibility for injury to vendee or third persons proximately caused by abnormal use of the material even
if reasonable safety procedures are followed. Furthermore, vendee assumes the risk in his use of the material.
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DEFINITIONS OF TERMS

A large number of abbreviations and acronyms appear on a MSDS. Some of these which are commonly used include the following:

CAS #: This is the Chemical Abstract Service Number which uniquely identifies each constituent.

EXPOSURE LIMITS IN AIR:

ACGIH - American Conference of Governmental Industrial Hygienists, a
professional association which establishes exposure limits.

TLV - Threshold Limit Value - an airborne concentration of a substance
which represents conditions under which it is generally believed that nearly
all workers may be repeatedly exposed without adverse effect. The duration
must be considered, including the 8-hour Time Weighted Average (TWA),
the 15-minute Short Term Exposure Limit, and the instantaneous Ceiling
Level (C). Skin absorption effects must also be considered.

OSHA - U.S. Occupational Safety and Health Administration.

PEL - Permissible Exposure Limit - This exposure value means exactly the
same as a TLV, except that it is enforceable by OSHA. The OSHA
Permissible Exposure Limits are based in the 1989 PELs and the June,
1993 Air Contaminants Rule (Federal Register: 58: 35338-35351 and 58:
40191). Both the current PELs and the vacated PELs are indicated. The
phrase, “Vacated 1989 PEL,” is placed next to the PEL which was vacated
by Court Order.

IDLH - Immediately Dangerous to Life and Health - This level represents a
concentration from which one can escape within 30-minutes without
suffering escape-preventing or permanent injury. The DFG - MAK is the
Republic of Germany’s Maximum Exposure Level, similar to the U.S. PEL.
NIOSH is the National Institute of Occupational Safety and Health, which is
the research arm of the U.S. Occupational Safety and Health Administration
(OSHA).  NIOSH issues exposure guidelines called Recommended
Exposure Levels (RELs). When no exposure guidelines are established, an
entry of NE is made for reference.

HAZARD RATINGS:

HAZARDOUS MATERIALS IDENTIFICATION SYSTEM: This rating
system was developed by the National Paint and Coating Association and
has been adopted by industry to identify the degree of chemical hazards.
Health Hazard: 0 (minimal acute or chronic exposure hazard); 1 (slight acute
or chronic exposure hazard); 2 (moderate acute or significant chronic
exposure hazard); 3 (severe acute exposure hazard; onetime overexposure
can result in permanent injury and may be fatal); 4 (extreme acute
exposure hazard; onetime overexposure can be fatal). Flammability Hazard:
0 (minimal hazard); 1 (materials that require substantial pre-heating before
burning); 2 (combustible liquid or solids; liquids with a flash point of 38-93°C
[100-200°F]); 3 (Class IB and IC flammable liquids with flash points below
38°C [100°F]); 4 (Class IA flammable liquids with flash points below 23°C
[73°F] and boiling points below 38°C [100°F]. Reactivity Hazard: O
(normally stable); 1 (material that can become unstable at elevated
temperatures or which can react slightly with water); 2 (materials that are
unstable but do not detonate or which can react violently with water); 3
(materials that can detonate when initiated or which can react explosively
with water); 4 (materials that can detonate at normal temperatures or
pressures). PPE Rating B: Hand and eye protection is required for routine
chemical use.

NATIONAL FIRE PROTECTION ASSOCIATION: Health Hazard: O
(material that on exposure under fire conditions would offer no hazard
beyond that of ordinary combustible materials); 1 (materials that on
exposure under fire conditions could cause irritation or minor residual injury);
2 (materials that on intense or continued exposure under fire conditions
could cause temporary incapacitation or possible residual injury); 3
(materials that can on short exposure could cause serious temporary or
residual injury); 4 (materials that under very short exposure could cause
death or major residual injury). Flammability Hazard and Reactivity Hazard:
Refer to definitions for “Hazardous Materials Identification System”.

FLAMMABILITY LIMITS IN AIR:

Much of the information related to fire and explosion is derived from the
National Fire Protection Association (NFPA). Flash Point - Minimum
temperature at which a liquid gives off sufficient vapors to form an ignitable
mixture with air. Autoignition Temperature: The minimum temperature
required to initiate combustion in air with no other source of ignition. LEL -
the lowest percent of vapor in air, by volume, that will explode or ignite in the
presence of an ignition source. UEL - the highest percent of vapor in air, by
volume, that will explode or ignite in the presence of an ignition source.

TOXICOLOGICAL INFORMATION:

Possible health hazards as derived from human data, animal studies, or
from the results of studies with similar compounds are presented.
Definitions of some terms used in this section are: LDsp - Lethal Dose
(solids & liquids) which kills 50% of the exposed animals; LCso - Lethal
Concentration (gases) which kills 50% of the exposed animals; ppm
concentration expressed in parts of material per million parts of air or water;
mg/m3 concentration expressed in weight of substance per volume of air;
mg/kg quantity of material, by weight, administered to a test subject, based
on their body weight in kg. Data from several sources are used to evaluate
the cancer-causing potential of the material. The sources are: IARC - the
International Agency for Research on Cancer; NTP - the National Toxicology
Program, RTECS - the Registry of Toxic Effects of Chemical Substances,
OSHA and CAL/OSHA. IARC and NTP rate chemicals on a scale of
decreasing potential to cause human cancer with rankings from 1 to 4.
Subrankings (2A, 2B, etc.) are also used. Other measures of toxicity include
TDLo, the lowest dose to cause a symptom and TCLo the lowest
concentration to cause a symptom; TDo, LDLo, and LDo, or TC, TCo,
LCLo, and LCo, the lowest dose (or concentration) to cause lethal or toxic
effects. BEI - Biological Exposure Indices, represent the levels of
determinants which are most likely to be observed in specimens collected
from a healthy worker who has been exposed to chemicals to the same
extent as a worker with inhalation exposure to the TLV. Ecological
Information: EC is the effect concentration in water.

REGULATORY INFORMATION:

U.S. and CANADA: This section explains the impact of various laws and
regulations on the material. EPA is the U.S. Environmental Protection
Agency. WHMIS is the Canadian Workplace Hazardous Materials
Information System. DOT and TC are the U.S. Department of
Transportation and the Transport Canada, respectively.  Superfund
Amendments and Reauthorization Act (SARA); the Canadian
Domestic/Non-Domestic Substances List (DSL/NDSL); the U.S. Toxic
Substance Control Act (TSCA); Marine Pollutant status according to the
DOT; the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA or Superfund); and various state regulations. This
section also includes information on the precautionary warnings which
appear on the material's package label.

EUROPEAN: EC is the European Community (formerly known as the EEC,
European Economic Community). EINECS: This the European Inventory of
Now-Existing Chemical Substances. The ARD is the European Agreement
Concerning the International Carriage of Dangerous Goods by Road and the
RID are the International Regulations Concerning the Carriage of
Dangerous Goods by Rail.
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Apex Laboratories Certificate of Analysis

SPECIAL — Biological Indicator for Experimental Use
(Reorder # GRS-090)

Lot #: G3228

Expiration: 31 Aug 09

Indicator: Bacillus atrophaeus' ATCC# 9372

Mean population: 5.7 x 10° CFU per stainless steel carrier®

Storage: 2-8C; move to ambient conditions before use.

Shipping conditions: Ambient temperatures; cold pack may be used to
moderate conditions during shipping.

NOTE: D-values have not been determined for these carriers.

Incubate at 30-35C for 7 days. The recommended growth medium is
Soybean Casein Digest Medium.

This product is for Industrial Use Only.

Disposal: Treat as non-pathogenic material and sterilize (steam, EtO,
etc) or incinerate before discarding.

! Derived from ATCC# 9372 (formerly Bacillus subtilis)
Heat shock population determined at 80-85C for 10 minutes

(B e

A
%uality Representative

Apex Laboratories, Inc.
P.O. Box 794

Apex, NC 27502-0794
Ph: 1919775 7616
Fax: 19197757618

LIMITATION OF LIABILITY AND INDEMNITY

In no event, whether as a result of breach of contract, warranty, or tort (including negligence and strict liability) shall Apex Laboratories, Inc.
or its suppliers be liable for any consequential or incidental damages including, but not limited to loss of profits or revenues, ioss of use of
the Products or any associated equipment, loss of the Buyer's Products, damage to associated equipment, cost of capital, cost of
substitute products, facilities, service or replacement power, downtime cost, caused by such Products, or claims of the users for such
damages. Buyer for itself, its successors and assigns, hereby agrees to indemnify Apex Laboratories, Inc. and to hold Apex Laboratories,
Inc. harmless from any and all liability for such consequential or incidental damages. The responsibility of Apex Laboratories, Inc. for
damages due to injuries to employees of the Buyer or ultimate user of the Product, caused by the Product, shall be limited to repair or
replacement of the item, at the option of Apex Laboratories, Inc. The Buyer agrees to indemnify Apex Laboratories, Inc. and hold Apex
Laboratories, Inc. harmless from any further damages, indemnity or contribution. Apex Laboratories, Inc.’s liability for any claim of any
kind, including performance or breach thereof, or from the Products or Services furnished hereunder, shall in no case exceed the price of
the specified Product, system, component or service which gives rise to the claim. 1597




CS/ cClorDiSys Solutions, Inc.

“The Chlorine Dioxide People”

Providing you with chlorine dioxide solutions for your decontamination needs

CD Biological Indicators (BI’s) Part # CSI-BI-001

ClorDiSys Solutions, Inc BI’s are a

convenient source for SGM Biological

Indicators wrapped in a tyvek/mylar pouch.

They are selected for chlorine dioxide gas and

contain 10° Bacillus atrophaeus spores.

QIorD|Sys features SG_M Biological Indicators . Bislogical Indicator
since they are of the highest standards for
repeatable results. These BI’s can be used for § ey
initial process validation as well as to prove =

ongoing proof of efficacy. Because of the R .
tyvek pouch, a CD Bl is left in the pouch :

during exposure and is not required to be —
removed until it is in an environment where it

is to be incubated. The CD BI’s can be placed

throughout the area to be decontaminated to

demonstrate that the sporicidal inactivation occurred in all areas. The Bl results can be kept as part of
your facility log to provide documented evidence that the decontamination process was successful.

To use you simply place the BI’s in the area to be decontaminated, remove from the pouch and
incubate, and then look for growth.

h, Inc.
"

SGM B
PEEL
b 4

Use: Please follow instructions provided with each bag of SGMStrip biological indicators.

1. Place the biological indicator inside the target chamber and place in the most difficult location.

2. Place a sufficient number of BI’s throughout the area to be decontaminated.

3. Following exposure to CD gas, remove the BI’s as soon as the area has been aerated. Transfer the
spore strips to the laboratory for culture.

4. Using strict aseptic techniques and working in a Class 100 certified work station, transfer each
biological indicator to an appropriate tube of culture medium (Soybean casein digest broth).

5. Incubate the strips at the appropriate temperature for seven days.
a) Bacillus atrophaeus — 30-35°C

6. If the spores survive the sterilization cycle, the culture medium will become turbid and cloudy.
NOTE: Verify all positive cultures microscopically for gram positive, spore forming rods.
Biochemical characterization is not necessary.

7. Autoclave all positive samples prior to disposal.

Storage: Controlled, room temperature (15-30°C).

Part # CSI-BI-001 Each package contains 100 Bacillus atrophaeus BI’s.
Call us for more information about the power of Chlorine Dioxide

CSI ClorDiSys Solutions, Inc.
P.O. Box 549, Lebanon, NJ 08833-0549 Tel:(908) 236-4100 Fax:(908) 236-2222

www.clordisys.com
32-030 Rev A



CS/ cClorDiSys Solutions, Inc.

“The Chlorine Dioxide People”

Providing you with chlorine dioxide solutions for your decontamination needs

CD Check Strips Part # CSI-CHK-001

Get an easy, quick and cost effective way to
document your chlorine dioxide
decontamination process. A CD Check Strip
changes color when exposed to chlorine dioxide
gas. Its color change provides an indication that
the strip was exposed to chlorine dioxide gas.
This color change does not guarantee sporicidal
sterilization. The CD Check Strips can be placed
throughout the area to be decontaminated to
demonstrate that the chlorine dioxide gas
reached all areas. The color-changed strips can
be kept as part of your facility log to provide
documented evidence that the decontamination
process was performed.

The check v changes color from a deep purple to a lighter purple when exposed to chlorine dioxide

gas.
> v

To use you simply place the strips in the area to be decontaminated and then compare the color of
the exposed strip to the color of a new strip to detect the color change. At a fraction of the cost of

Biological Indicators (BI’s), and without the subsequent incubation and analysis of BI’s, these CD
Check Strips provide an easy method to document your gaseous chlorine dioxide decontamination
process.

Each package contains 250 CD Check Strips.
Part # CSI-CHK-001

Call us for more information about the power of Chlorine Dioxide

CSI ClorDiSys Solutions, Inc.
P.O. Box 549, Lebanon, NJ 08833-0549 Tel:(908) 236-4100 Fax:(908) 236-2222

www.clordisys.com
31-030 Rev A
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