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1 INTRODUCTION
This document is a guide to the installation, operation, and maintenance of the HiPOx
water treatment system. System-specific drawings, data sheets, and component manuals
are also supplied with the system for reference.
1.1 OVERVIEW
The PulseOx 1000TM system, developed by Applied Process Technology, Inc. (APT) is a
Chemical Injection / Advanced Oxidation Process (AOP), which utilizes ozone and
hydrogen peroxide to form hydroxyl radicals in-situ. The hydroxyl radical is an
aggressive oxidizer proven effective in destroying many organic compounds. The byproducts of this destruction when allowed to go to completion are CO2 and water.
In addition to formation of hydroxyl radicals, ozone and hydrogen peroxide are oxidizers
that are effective in destroying hydrocarbons. As these molecules degrade they release
oxygen into the groundwater, usually resulting in an increase in dissolved oxygen.
The PulseOx 1000TM system uses compressed air in combination with ozone and
hydrogen peroxide to distribute oxidant into the formation, thereby increasing the radius
of influence from the injection well.
The PulseOx 1000TM process injects ozone, hydrogen peroxide, and compressed air into
the subsurface according to an operator-defined sequence. The PulseOx 1000TM system
can inject into up to ten gas injection wells and ten liquid injection wells. The injection
control system can operate up to ten discrete injection combinations, or steps.
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Figure 1 – PulseOx 1000TM Block Diagram
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1.2 CONFIDENTIALITY
This document contains proprietary information. Neither this document nor the
information contained herein is to be reproduced, distributed, used or disclosed, either in
whole or in part, except as specifically authorized by APT.
1.3 RESPONSIBILITY
Applied Process Technology, Inc. offers no warranty, either expressed or implied, of
system or equipment integrity or performance, if said equipment is not operated in
accordance with the instructions and specifications contained within this document.
Equipment processing contaminated water with oxidizing agents present inherent dangers
that require care and caution from all personnel. It is the responsibility of the owner to
follow instructions in this document and to exercise other normal and reasonable care or
caution in order to prevent injury to personnel, property damage or interruptions of
normal operation or business.
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1.4 CONTACT INFORMATION
General company and product information is available on APT’s website,
www.APTwater.com. Inquiries may also be made to the corporate headquarters:
Applied Process Technology, Inc.
3333 Vincent Road
Suite 222
Pleasant Hill, CA 94523
Phone (925) 977 1811
Fax (925) 977 1818
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2 SAFETY
There are potential hazards associated with the PulseOx 1000TM process; operations
personnel must have read thoroughly and have been well trained in utilizing all sections
of these instructions, vendor’s literature and reference materials. Refer to vendor
literature and operating manuals before starting or operating any equipment, instruments
or control systems.
2.1 CORROSIVE LIQUIDS
Hydrogen peroxide (typically 35% concentration) is used as an oxidant in the PulseOx
1000TM process. HYDROGEN PEROXIDE IS HIGHLY CORROSIVE – Personnel
should wear rubber gloves and goggles/face shield when handling this material. See
attached MSDS for further information.
2.2 TOXIC / OXIDIZING GASSES
Oxygen and ozone gas is generated, distributed, and injected into the subsurface by the
PulseOx 1000TM system.
OZONE IS HIGHLY TOXIC and VIGOROUSLY
ACCELERATES COMBUSTION; refer to the MSDS sheet for further information. The
PulseOx 1000TM system has been designed to minimize the possibility of ozone leakage,
but if ozone odor is detected SHUT DOWN THE PulseOx 1000TM SYSTEM
IMMEDIATELY and contact APT.
Oxygen gas is also a strong oxidizer, refer to the MSDS sheet for further information.
2.3 COMPRESSED GASSES
Compressed air, oxygen, and oxygen/ozone mixtures are under pressure (30-120 psig) in
the PulseOx 1000TM system. Expansion of these gasses to atmospheric pressure releases
potentially dangerous amounts of energy. Care must be taken to avoid the unplanned
release of compressed gasses. Proper precautions must be taken to depressurize lines
prior to maintenance activities.
2.4 ELECTRICAL EQUIPMENT
Personnel unfamiliar with the electrical equipment supplied with the PulseOx 1000TM
system should not attempt to service that equipment. The electrical currents supplied to
several of the electrical components in the HiPOx system are high enough to cause severe
injury or death.
Only properly trained personnel using normal commercial safety practices should
perform maintenance or troubleshooting.
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2.5 NOISE
The inside of the PulseOx 1000TM trailer contains process machinery and ventilation fans
creating a sound level that exceeds 85 dBA. Prolonged exposure to this environment can
permanently damage hearing. Hearing protection should be worn while working inside
the PulseOx 1000TM trailer.
2.6 FIELD OPERATIONS
Injection lines from the PulseOx 1000TM system may at any time contain dangerous
levels of ozone (in gas lines) or hydrogen peroxide (in liquid lines) under pressure.
Proper care must be taken whenever field process lines are opened.
Field injection lines may also be pressurized as a result of injection of gasses into the
subsurface formation. When disassembling injection lines the operator should be aware
of potentially dangerous gasses and liquids back-flowing from the injection well /
subsurface formation.
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3 PROCESS & EQUIPMENT DESCRIPTION
The PulseOx 1000TM process is made up of several sub-systems working in concert.
Below are descriptions of each sub-system (Refer to THS-P-401 sheets 1 and 2):
3.1 OXYGEN SYSTEM
The PulseOx 1000TM system generates its own oxygen as a feedstock to the ozone
generation system. Air is compressed (to 110 psig) by C-200, an oil flooded screw
compressor, and dried (to 35F pdp) by AD-203, a refrigerated drier. This air flows
through air tank T-201 in order to buffer the pressure variation caused by the Pressure
Swing Adsorption (PSA) system, X-300. Compressed air is then filtered through F-204
in order to remove compressor lube oil aerosols from the air stream.
The PSA system is a dual-bed batch adsorption system that preferentially adsorbs
nitrogen from the compressed air stream. When the first bed reaches saturation (based on
pre-programmed timers), the flow will be diverted to the second bed, while the first bed
exhausts its nitrogen rich contents to atmosphere (outside of trailer). The oxygen rich
product stream is 92-95% pure, and flows into oxygen tank T-301 to buffer purity and
pressure variations from the PSA.
The oxygen stream’s pressure is regulated by PVC 302, is filtered for particulate matter
by F-303, and oxygen flow is measured by FI-303.
The PulseOx 1000TM system’s PLC will activate C-200, AD-203, and X-300, and will
periodically open drain valves XV-201 and 203.
The discharge from XV-201 and 203 are processed through an oil/water separator, X205.
3.2 OZONE SYSTEM
This system converts a portion of the incoming oxygen to ozone at prescribed
concentration for injection into the subsurface. The primary component, the ozone
generator (X-401A), along with support equipment are located in the ozone cabinet PX902.
The PulseOx 1000TM system’s PLC will monitor oxygen flow to the ozone generator (via
FSL 304) and oxygen pressure (via PSHL 401). In the event of a low flow, low pressure,
or high pressure condition the PulseOx 1000TM system will shutdown and alarm. In
addition, if an internal ozone generator fault or low generator amperage condition (via
ISL-401A) are detected, the PulseOx 1000TM system will shutdown and alarm
Ozone generator operating flow and pressure are controlled by the ozone back pressure
regulator PCV-403, and in the event of a shutdown, ozone solenoid block valve EBV-403
will close.
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3.3 HYDROGEN PEROXIDE SYSTEM
This system stores hydrogen peroxide in T-800 and pumps it to the injection header via
P-801. The pump rate is determined by the number of open injection valves (EBV 821830) multiplied by the operator input rate. The pressure at the discharge of the pump is
monitored by PSHL-803, if the peroxide pressure is below the low set point or above the
high set point, P-801 will shut down. NOTE that the ozone/air injection system will not
shutdown in the event of a P-801 shutdown.

3.4 INJECTION AIR SYSTEM
The injection air system draws compressed air that has been dried and filtered and is
regulated by PCV-704. Regulated air is then routed to the solenoid injection cabinet PX903.
3.5 OZONE GENERATOR COOLING SYSTEM
The ozone generator(s) produce heat as a byproduct. The ozone generator cooling system
(chiller, CH-500) routes a water/glycol coolant through a closed loop circulation system.
CH-500 is equipped with a circulating pump, with a y-strainer on the pump suction to
protect the pump from debris in the line. There is an external filter, F-502 to remove
particles prior to entering the ozone generator cabinet.

3.6 OZONE DESTRUCT SYSTEM
This system ensures that no ozone is released to the environment by directing all vapors
collected from the ozone generator cabinet and solenoid cabinet through a catalyst bed. F600 draws the air from the cabinets and forces it through the catalyst bed and out of the
container. FSL-601 monitors the flow through the system, and will cause a shutdown if
there is not a minimum flow through the system. An ozone detector (XS-601) is located
after the destruct bed to verify no ozone is vented to atmosphere; the HiPOxTM / Chemox
system will shutdown in the event XS-601 detects ozone.
3.7 VENTILATION SYSTEM
Positive fresh air supply is supplied to the PulseOx 1000TM trailer by the “intake fan”.
This fan has a hard-wired on/off switch on the PLC panel front. The intake fan has a
thermostatically controlled motorized damper to reduce the intake air volume during
periods of cold ambient temperatures. The damper’s stops have been adjusted so that
there is always a minimum flow of fresh air into the system to supply intake air for the
compressors, as well as provide a safe working environment.
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The fan on HX-701 is used to discharge warm air from the PulseOx 1000TM trailer. This
fan is also hard wired to a switch on the PLC panel. The warm air from HX-701 will
enter a plenum fit with two thermostatically controlled motorized dampers. In warm
periods the warm air will be directed outside the PulseOx 1000TM trailer, in cold periods
MOST of the air will be re-directed back into the trailer.
Note that both fans must be operating or the PulseOx 1000TM system will not start up.
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4 INSTALLATION
Upon receipt of the PulseOx 1000TM unit, inspect for indications of shipping damage.
Also compare material received with the packing slip to verify a complete shipment.
Make a note of any discrepancies and report to APT immediately.
4.1 PLACEMENT
The design of the PulseOx 1000TM installation should allow sufficient access for
personnel to operate, collect analytical samples, refill hydrogen peroxide tank, and
perform maintenance.
The location of the PulseOx 1000TM must have a “non-hazardous” electrical
classification.
4.2 MECHANICAL
The PulseOx 1000TM unit should have sufficient foundation support to meet state and
local codes. It is imperative that the PulseOx 1000TM unit be LEVEL for proper
operation. Once on site the trailer should be put up on blocks.
4.3 ELECTRICAL
Electrical service (230v/3ph/60hz) should be terminated at the PulseOx 1000TM unit with
a lockable disconnect. The PulseOx 1000TM unit must be properly grounded, and the
entire installation should conform to National Electric Code as well as state and local
codes.
4.4 CONTROL INTERFACE
A phone line is also required at the site in order to allow external monitoring and data
interface.
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5 OPERATION
The PulseOx 1000TM unit is designed to run unattended, except for periodic operational
and calibration checks. Find below the sequence of starting up, operating, and shutting
down the PulseOx 1000TM unit.
NOTE: In this section, references to the “OIT” (Operator Interface Terminal) are made
for control system manipulation. Detailed procedures and keystrokes are described in
Appendix B.
5.1 COLD START UP
The following procedure is necessary before start up of a newly installed, recently relocated, or long dormant PulseOx 1000TM system.
Step 1 - Inspect the system for proper installation and operational status:
•
•
•
•
•

Ensure that the PulseOx 1000TM unit is properly secured and level.
Ensure that system power has been properly installed and that the system is
properly grounded.
Visually inspect equipment, piping, wiring, etc. for signs of damage/disrepair.
Repair as needed.
Turn all breakers “on” in the main power panel.
Verify that all valve are in their operational position

Step 2 - Check for proper operation of the ozone generator cooling system:
•
•
•

Verify the integrity of the chiller installation; the chiller itself, chill water supply
and return piping, chilled water header / ozone generator connections, etc.
Open inspect the fluid level in the chiller surge tank. Top off with distilled water
(85%) and ethylene glycol (15%). Note – do not use automotive ethylene glycol
Once operating (see step 4), verify there are no leaks in the piping system, and
that the system is able to maintain the 20C set point.

Step 3 – Check for proper operation of the injection air system:
•
•
•

Verify all valves are in their operational positions.
Enter a recipe in the configuration screen that will direct air to a safe location (to a
well or a disconnected external bulkhead fitting)
Once operating (see step 4), set PCV-704 to desired injection pressure. Check for
leaks in the system using soapy water solution.

Step 4 – Operate the system; check for gas leaks in the Oxygen/Ozone systems and
operate the PSA system for a minimum of 4 hours to rejuvenate the beds and dry all
Oxygen lines and the ozone generator:
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•
•
•
•
•
•
•
•

Enter a recipe in the configuration screen that will direct produced oxygen to a
safe location (to a well, or to a disconnected external bulkhead fitting).
Configure the hydrogen peroxide pump P-801 to be “OFF”
Turn the breaker on the front of the Ozone generator “OFF”.
Defeat the ISL-401A ozone generator current interlock so the system can be run
with no power being drawn by the ozone generator.
Start the system, see Appendix C
When oxygen flows/pressures have reached steady state, check for leaks using
soapy water solution on all oxygen and ozone lines; tighten/repair as necessary.
After 4 hours of operation, check the purity of the Oxygen gas.
Stop the system (Appendix C), re-connect the ozone generator current interlock,
and turn the ozone generator front-plate breakers back “ON”.

Step 4a - Prime the hydrogen peroxide pump:
•
•
•
•
•
•
•

Wear rubber gloves and face shield to protect against incidental contact with
hydrogen peroxide.
Disconnect the flex line from hydrogen peroxide pump sub-panel so that
pump discharge cannot go to the process and is directed to a bucket.
With the system running, configure the P-801 pump to be “ON” with a
setting of 25%
Operate until hydrogen peroxide discharges to bucket.
Configure the hydrogen peroxide pump P-801 to “OFF”
Return hydrogen peroxide lines to normal operating position.
Dispose of collected hydrogen peroxide in an appropriate manner.

Step 4b - Calibrate the hydrogen peroxide pump:
•
•
•
•
•
•
•
•

Enter a recipe in the configuration screen that will direct hydrogen peroxide to
a safe location (to a well, or to a disconnected external bulkhead fittings with
a means to collect the liquid).
Fill the graduated cylinder with hydrogen peroxide
Arrange the pump intake valves so that hydrogen peroxide is drawn from the
graduated cylinder.
Configure the system to have 2 injection valves open, and set the pump output
to 10%, and then configure the pump P-801 to “ON”
Using a stopwatch, measure how much hydrogen peroxide is pumped in 2
minutes.
Change the pump output rate to 20% and repeat the process
Return the pump intake valves to their operating position
Return the pump output rate to desired operating rate.

Step 5 – Operate and calibrate the ozone generator:
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•
•
•
•
•
•
•
•

Enter a recipe in the configuration screen that will direct produced ozone to a safe
location (it is NOT safe to direct ozone to the ambient air. It should be directed to
an injection well or wells that are known to be free flowing).
Connect the ozone analyzer – consult APT.
Configure the ozone power output to 25%.
Start the system and operate for a minimum of 2 hours. Record Oxygen flow,
purity, ozone generator input pressure, ozone purity, and ozone generator amps
(L1, 2, and 3).
Increase the ozone power setting to 35% for a minimum of 10 minutes then take
the readings described above.
Repeat the above step for 45% and 55% power.
Stop the system; purge the ozone generator for 15 minutes using stored oxygen.
Provide calibration results to APT.

When all PulseOx 1000TM subsystems have been successfully operated as described
above, the Cold Start Up is complete. To prepare for normal operation;
•
•

Verify that all field connections (at the HiPOxTM / Chemox unit and at the
injection wells) are properly fit.
Verify that all HiPOxTM / Chemox system valves, tubing, piping, etc are in their
normal operating condition.

5.2 START UP
The following procedure is to be followed for starting the PulseOx 1000TM system from a
non-cold condition (see section 5.1 for definition of Cold Start Up):
•
•
•
•
•

Notify Owner of intent to operate PulseOx 1000TM system.
Verify sufficient hydrogen peroxide supply levels. Fill if needed.
Confirm incoming power is available and all breakers are in the ON position.
Verify proper equipment configuration, control settings, and recipes have been
input to OIT.
Start the PulseOx 1000TM system via OIT as instructed in Appendix C. System
start up sequence may take up to 15 minutes to reach steady state.

5.3 NORMAL OPERATION
The PulseOx 1000TM system is designed for unattended operation.
operations personnel should inspect the system in order to:
Verify sufficient hydrogen peroxide supply
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Verify that manually adjusted parameters are within specified range (oxygen
pressure, ozone back pressure, chilled water pressures, etc.)
Verify the mechanical integrity of the system (water leaks, ozone odors, etc.).
5.4 SHUTDOWN
The PulseOx 1000TM system can be shutdown by operator choice or by control system
interlock.
In the case of an operator-initiated shutdown, refer to Appendix C for the necessary
keystrokes. The system will immediately power down the ozone generator, PSA system,
injection air system, and hydrogen peroxide system. The chilled water system will
continue to circulate for another 5 minutes to remove heat from the ozone generator. The
ventilation system will continue to operate, as they are hard wired.
For extended shutdown periods consult APT for additional action items.
In the case of a fault-condition shutdown, the system will perform a shutdown as
described above and the OIT will display the cause of the shutdown.
5.5 EMERGENCY STOP
The PulseOx 1000TM system has an E-Stop button located on the PLC panel near the
main personnel entrance to the system. Pressing the E-Stop button will initiate an
accelerated shutdown (chiller will stop immediately).
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6 MAINTENANCE & TROUBLESHOOTING
The PulseOx 1000TM system has been designed for fully automatic operation. This
section outlines the operational and scheduled maintenance requirements as well as
troubleshooting.
6.1 MAINTENANCE

Inspect condensate drainage sample from X-205
Manually drain condensate from F-204
Inspect coolant level, inspect and clean chiller pump strainer
Inspect/clean coolant filter F-502
Check H2O2 tank T-800 for gassing (bubble formation)
Inspect for gas, water leaks
Check/refill H2O2 tank T-800
Check pump P-801 tube for uneven ware
Check oxygen filter F-303
Check / replace container ventilation intake filter
Verify operation of drain valves (XV-201, 203) / clean elements
Record operating data on log sheet
Check compressor C-200 intake filter
Check compressor C-200 oil level, top off as needed
Check PSA X-300 intake filters
Calibrate hydrogen peroxide pump P-801
Calibrate ozone generator (X-401A) performance
Flush coolant heat exchanger
Lubricate CH-500 pump motor
Clean CH-500, C-200, and AD-203 cooling coils (dry air)
Check tension of C-200 V-Belts
Change P-801 tube
Check all safety relief valves
Inspect/tighten low voltage wiring terminations
Inspect/tighten power wiring terminations
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Quarterly

Weekly

Activity

Monthly

Typical operational and preventative maintenance activities for the HiPOx system are
detailed in Table 6.1. For further information contact APT regional operations contact or
home office. Table 6.1 PulseOx 1000TM Operations and Maintenance Schedule:
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6.2 TROUBLESHOOTING
Table 6.2 provides a guide for diagnosing PulseOx 1000TM operational faults that may
arise.
Table 6.2 PulseOx 1000TM Troubleshooting Guide
Symptom

Probable Cause

Remedy

System won’t start

Ventilation fans not on

Turn fans on

Previous Fault not cleared

Go to faults screen and clear faults

Improper Configuration Settings

Review Configuration Screen

PLC error

Call APT

System shuts down during Low Oxygen Flow or
startup
Low Oxygen Pressure

System has shutdown

Ozone Odor in Trailer

Ensure Proper Operation of PSA
Verify PCV Setting Allows O2 Flow
Check all Manual Block Valves

Ozone Destruct Problem

Check for proper operation of fan X 600
Check for Blockages in O3 Destruct System

Injection Air Low Pressure

Check T-201 tank pressure
Check for leaks & closed valves

Interlock has shutdown system

Go to F5 to determine Fault & Reset

Power failure

If power failure has occurred there will be
No fault indicated on F5 screen, simply
Restart the system

Leak in O3 Gen or Solenoid Cabinet

Sniff w/ Ozone sensor, repair as indicated

Leak in O3 Flex lines

Sniff w/ Ozone sensor, repair as indicated

NOTE Reduce O3 gen power level while using Sniffer to minimize exposure
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Appendix A
Material Safety Data Sheets

Product: Ozone from Oxygen

P-6220

Date: April 1998

Praxair™ Material Safety Data Sheet
1. Chemical Product and Company Identification
Product Name: Ozone from Oxygen (MSDS No.
P-6220)

Trade Name: Not applicable

Chemical Name: Mixture of Ozone and Oxygen

Synonyms: Triatomic oxygen in oxygen

Formula: Mixture of O3 and O2

Chemical Family: Not applicable

1-800-645-4633* Company Name: Praxair, Inc.
Emergencies:
39 Old Ridgebury Road
CHEMTREC: 1-800-424-9300*
1-800-PRAXAIR
Danbury, CT 06810-5113
Routine:
* Call emergency numbers 24 hours a day only for spills, leaks, fire, exposure, or accidents involving this
product. For routine information, contact your supplier, Praxair sales representative, or call
1-800-PRAXAIR (1-800-772-9247).

Telephone:

2. Composition/Information on Ingredients
This MSDS applies to ozone mixtures produced by passing oxygen through an electrical discharge
tube or through ultraviolet radiation. For custom mixtures of this product request an MSDS for
each component. See Section 16 for important information about mixtures.
INGREDIENT

CAS
NUMBER

% BY WT OSHA PEL

ACGIH TLV-TWA

Ozone

10028-15-6

16% max 0.1 ppm

See section 3.

Oxygen

7782-44-7

84% min. None currently established

None currently established

Nitrogen Oxides See section 3. Trace

See section 3.

See section 3.

3. Hazards Identification

EMERGENCY OVERVIEW
DANGER! Toxic, oxidizing gas.
Harmful or fatal if inhaled.
Vigorously accelerates combustion.
Irritates and may damage eyes, skin, and respiratory system.
May cause dizziness or drowsiness.
Symptoms may be delayed
Self-contained breathing apparatus and protective clothing must be worn by
rescue workers.
Odor: Unpleasant, sulfur-like

Copyright © 1998, Praxair Technology, Inc.
All rights reserved.
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Product: Ozone from Oxygen

P-6220

Date: April 1998

THRESHOLD LIMIT VALUE: Ozone: 0.1 ppm TLV-TWA, light work; 0.08 ppm, medium work;
0.05 ppm, heavy work (ACGIH, 1997). Nitrogen oxides as by-products: Nitric oxide (NO, CAS#
10102-43-9), 25 ppm TLV-TWA (PEL 25 ppm); nitrogen dioxide (NO2, CAS# 10102-44-0), 3 ppm
TLV-TWA (PEL, 5 ppm ceiling); nitrous oxide (N2O, CAS# 10024-97-2), 50 ppm TLV-TWA (PEL
N/A); nitrogen pentoxide (N2O5, CAS# unk.), N/A. Acids: nitrous acid (HNO2, CAS# 7782-77-6),
N/A; nitric acid (HNO3, CAS# 7697-37-2), 2 ppm TLV-TWA (PEL 2 ppm). TLV-TWAs should be used
as a guide in the control of health hazards and not as fine lines between safe and dangerous
concentrations.
EFFECTS OF A SINGLE (ACUTE) OVEREXPOSURE:
INHALATION–Exposure to ozone concentrations above the TLV of 0.1 ppm may irritate the nose
and throat, and cause dryness. Pain or congestion in the chest may be accompanied by wheezing and
coughing. At concentrations above 0.3 ppm for 30 minutes, particularly in exercising individuals,
these symptoms are more likely. Eye irritation, headache, nausea, and alterations in pulmonary
function (lung impairment and breathing difficulty) may also occur. At concentrations above 0.9
ppm, respiratory effects worsen and drowsiness may occur. Levels near 9 ppm may cause
pneumonia, excessive sweating, decreased blood pressure, and weak and rapid pulse. Death may
occur from prolonged exposure at 2 ppm or short exposures (1-4 hours) at 10 ppm. Breathing 80% or
more oxygen at atmospheric pressure for more than a few hours may cause nasal stuffiness, cough,
sore throat, chest pain, and breathing difficulty. Breathing oxygen at higher pressure increases the
likelihood of adverse effects within a shorter time period. Breathing pure oxygen under pressure may
cause lung damage and also central nervous system effects resulting in dizziness, poor coordination,
tingling sensation, visual and hearing disturbances, muscular twitching, unconsciousness, and
convulsions. Breathing oxygen under pressure may cause prolongation of adaptation to darkness and
reduced peripheral vision.
SKIN CONTACT–Contact with ozone may irritate the skin. Nitrogen oxide by-products may
combine with moisture in the skin and mucous membranes to form nitrogen acids, producing
chemical burns.
SWALLOWING–A highly unlikely route of exposure. This product is a gas at normal temperature
and pressure.
EYE CONTACT–Exposed persons may sense eye irritation at or above the TLV of 0.1 ppm ozone.
Exposure to ozone at 2 ppm over 4 hours has caused eye irritation in rabbits. Nitrous oxide is
moderately irritating to the eyes and nose at 50 ppm; 25 ppm is irritating to some people. Nitrogen
oxide by-products may combine with moisture in the eyes to form nitrogen acids, producing chemical
burns.
EFFECTS OF REPEATED (CHRONIC) OVEREXPOSURE: Prolonged, low level (0.3 ppm)
exposure to ozone may produce scarring and thickening of small air passages, resulting in chronic lung
disease. People with existing lung disease may show earlier and more severe symptoms when exposed to
ozone. An increased susceptibility to lung disease and infection may also occur.
OTHER EFFECTS OF OVEREXPOSURE: None known for ozone, but see section 16 for effects of
nitrogen compounds produced by the breakdown of ozone.
MEDICAL CONDITIONS AGGRAVATED BY OVEREXPOSURE: People with existing lung
disease may show earlier and more severe symptoms when exposed to ozone. An increased susceptibility
to lung disease and infection may also occur.

Page 2 of 10

Product: Ozone from Oxygen

P-6220

Date: April 1998

SIGNIFICANT LABORATORY DATA WITH POSSIBLE RELEVANCE TO HUMAN HEALTH
HAZARD EVALUATION: There is limited evidence that ozone in concentrations of over 1.5 ppm
may be lethal to rodent embryos. Studies of mutagenic effects in humans have been equivocal.
CARCINOGENICITY: Ozone is not listed by NTP, OSHA, and IARC.

4. First Aid Measures
INHALATION: Immediately remove to fresh air. If not breathing, give artificial respiration. Rescuer
should avoid inhaling air from victim. Get immediate medical attention.
SKIN CONTACT: Immediately flush skin with plenty of water while removing contaminated clothing
and shoes. Get immediate medical attention.
SWALLOWING: An unlikely route of exposure. This product is a gas at normal temperature and
pressure.
EYE CONTACT: Immediately flush eyes with plenty of cool water for at least 15 minutes. Hold the
eyelids open and away from the eyeballs to ensure that all surfaces are flushed thoroughly. Do not allow
victim to rub eyes. Get immediate medical attention.
NOTES TO PHYSICIAN: Keep victim under observation. Onset of breathing difficulties may be
delayed for up to 6 hours. There is no specific antidote. Treatment of overexposure should be directed at
the control of symptoms and the clinical condition of the patient. Supportive treatment for overexposure
to oxygen should include immediate sedation, anti-convulsive therapy if needed, and rest. See section 11,
Toxicological Information.

5. Fire Fighting Measures
FLASH POINT (test method):

Not applicable

AUTOIGNITION TEMPERATURE:

Not applicable

FLAMMABLE LIMITS IN AIR, % by volume: LOWER: Not applicable UPPER: Not applicable
EXTINGUISHING MEDIA: Ozone from oxygen cannot catch fire. Use media appropriate for
surrounding fire.

SPECIAL FIRE FIGHTING PROCEDURES: DANGER! Toxic, oxidizing gas (see section 3).
Evacuate all personnel from danger area. Do not approach area without self-contained breathing
apparatus and protective clothing. Immediately cool any cylinders with water spray from maximum
distance. Remove ignition sources if without risk. Stop flow of gas if without risk, while continuing
cooling water spray. Remove any gas cylinders from area of fire if without risk. Heat of fire can build
pressure in gas cylinders and cause rupture. No part of any cylinder should be subjected to a temperature
higher than 125°F (52°C). On-site fire brigades must comply with OSHA 29 CFR 1910.156.
UNUSUAL FIRE AND EXPLOSION HAZARDS: Oxidizing agent; vigorously accelerates
combustion. Contact with flammables may cause fire or explosion. (See section 10.)
HAZARDOUS COMBUSTION PRODUCTS: Thermal decomposition of the nitric oxide by-product
may produce highly toxic nitrogen oxides. (See section 10.)
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6. Accidental Release Measures
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED: DANGER! Toxic,
oxidizing gas (see section 3). Immediately evacuate all personnel from danger area. Use self-contained
breathing apparatus where needed. Toxic gas may spread. Remove all sources of ignition if without risk.
Reduce gas with fog or fine water spray. Shut off flow if without risk. Ventilate area.
WASTE DISPOSAL METHOD: Prevent waste from contaminating the surrounding environment.
Keep personnel away. Discard any product, residue, disposable container, or liner in an environmentally
acceptable manner, in full compliance with federal, state, and local regulations. If necessary, call your
local supplier for assistance.

7. Handling and Storage
PRECAUTIONS TO BE TAKEN IN STORAGE: This mixture is produced and used in a closed
system and is not stored.
PRECAUTIONS TO BE TAKEN IN HANDLING: This mixture is produced and used in a closed
system and should not be handled.

8. Exposure Controls/Personal Protection
VENTILATION/ENGINEERING CONTROLS:
LOCAL EXHAUST–A corrosion-resistant system is acceptable so long as it maintains sufficient air
flow to keep the ozone concentration below the TLV in the worker's breathing zone. (See
SPECIAL.)
MECHANICAL (general)–Inadequate; see SPECIAL.
SPECIAL–Use only in a closed system. Corrosion-resistant, forced-draft fume hood is preferred.
OTHER–See SPECIAL.
RESPIRATORY PROTECTION: Select per OSHA 29 CFR 1910.134 and ANSI Z88.2. Use any
NIOSH/MHSA-approved air-supplied respirator for concentrations up to 10 times the applicable
permissible exposure limit. For concentrations from 10 to 100 times the PEL, use the above respirator
fitted with a full facepiece, or use a self-contained breathing apparatus. For higher concentrations, a fullface, self-contained breathing apparatus operated in the pressure demand mode is required.
PROTECTIVE GLOVES: Wear plastic (not rubber) gloves wherever contact with product is possible.
EYE PROTECTION: Wear vapor-proof goggles and a face shield wherever contact with product is
possible. Select per OSHA 29 CFR 1910.133.
OTHER PROTECTIVE EQUIPMENT: Protective clothing— plastic (not rubber)— and shoes
whenever contact with product is possible— at a minimum, whenever the generator or process system is
opened for any reason including routine inspection and maintenance. Select per OSHA 29 CFR 1910.132
and 1910.133. Regardless of protective equipment, never touch live electrical parts.

9. Physical and Chemical Properties
MOLECULAR WEIGHT:

48 (ozone component)

SPECIFIC GRAVITY (Air = 1) at 32°F (0°C) and 1 atm:

1.66 (ozone component)
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SOLUBILITY IN WATER, wt/wt at 32°F (0°C) and 1 atm:

0.494

BOILING POINT at 1 atm:

-170°F (-112°C) (ozone component)

MELTING POINT at 1 atm:

-313°F (-191.7°C ) (ozone component)

APPEARANCE, ODOR, AND STATE: Colorless gas mixture at normal temperature and pressure;
unpleasant, sulfur-like odor.

10. Stability and Reactivity
STABILITY:
Unstable
Stable
INCOMPATIBILITY (materials to avoid): Oxidizable materials, both organic and inorganic;
hydrogen; iron, copper, chromium; water
HAZARDOUS DECOMPOSITION PRODUCTS: Nitric oxide, nitrogen dioxide, nitrogen pentoxide,
nitrous oxide, nitrous acid, nitric acid
HAZARDOUS POLYMERIZATION:
May Occur
Will Not Occur
CONDITIONS TO AVOID: Avoid contact with all oxidizable materials, both organic and inorganic,
including rubber. Ozone reacts with nonsaturated organic compounds to produce ozonides, which are
unstable and may decompose with explosive violence. Ozone is an unstable gas that at normal
temperatures decomposes to biatomic oxygen. At elevated temperatures and in the presence of certain
catalysts such as hydrogen, iron, copper and chromium, this decomposition may be explosive.

11. Toxicological Information
Ozone: Human inhalation: TCLo: 1860 ppb/75 min caused watering eyes, decreased pulse rate, falling
blood pressure, and cough; 1 ppm caused cough, breathing difficulty, and other changes. Rat inhalation:
TCLo: 1500 ppb/24 hr (17 to 20 days pregnancy) caused behavioral disorders in newborn; 1040 ppt/24
hr (6 to 9 days pregnancy) caused developmental abnormalities of the musculoskeletal system. LC50:
4800 ppb/4-hrs (rat), LC50:12600 ppb/3-hrs (mouse), LC50: 36ppm/3-hrs (rabbit). Oxygen: TCLo: 100
pph/14 hrs (human).
At atmospheric concentration and pressure, oxygen poses no toxicity hazards. At high concentrations,
newborn premature infants may suffer delayed retinal damage (retrolental fibroplasia) that can progress
to retinal detachment and blindness. Retinal damage may also occur in adults exposed to 100% oxygen
for extended periods (24 to 48 hours) or at greater than atmospheric pressure, particularly in individuals
whose retinal circulation has been previously compromised. All individuals exposed for long periods to
oxygen at high pressure and all who exhibit overt oxygen toxicity should have ophthalmologic
examinations.
At two or more atmospheres, toxicity to the Central Nervous System (CNS) occurs. Symptoms include
nausea, vomiting, dizziness or vertigo, muscle twitching, vision changes, and loss of consciousness and
generalized seizures. At three atmospheres, CNS toxicity occurs in less than two hours; at six
atmospheres, in only a few minutes.
Patients with chronic obstructive pulmonary disease retain carbon dioxide abnormally. If oxygen is
administered, raising their blood oxygen concentration, their breathing becomes depressed, and retained
carbon dioxide rises to a dangerous level.
Animal studies suggest that the administration of certain drugs, including phenothiazine drugs and
chloroquine, increases the susceptibility to toxicity from oxygen at high concentrations or pressures.
Animal studies also indicate that vitamin E deficiency may increase susceptibility to oxygen toxicity.
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Airway obstruction during high oxygen tension may cause alveolar collapse following absorption of the
oxygen. Similarly, occlusion of the eustachian tubes may cause retraction of the eardrum and obstruction
of the paranasal sinuses may produce vacuum-type headache.

12. Ecological Information
No information is available on ecological effects. Ozone from oxygen does not contain any Class I or
Class II ozone-depleting chemicals. Ozone from oxygen is not listed as a marine pollutant by DOT.

13. Disposal Considerations
WASTE DISPOSAL METHOD: See section 6.

14. Transport Information
DOT/IMO SHIPPING NAME: Not shipped

SHIPPING LABEL(s):

IDENTIFICATION
PRODUCT
Not applicable RQ:
Not applicable
NUMBER:
Not applicable

PLACARD (when required):

Not applicable

SPECIAL SHIPPING
INFORMATION:

Not applicable

HAZARD
CLASS:

Not applicable

15. Regulatory Information
The following selected regulatory requirements may apply to this product. Not all such requirements are
identified. Users of this product are solely responsible for compliance with all applicable federal, state,
and local regulations.
U.S. FEDERAL REGULATIONS:
EPA (ENVIRONMENTAL PROTECTION AGENCY)
CERCLA: COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, AND
LIABILITY ACT OF 1980 (40 CFR Parts 117 and 302):
Reportable Quantity (RQ): None
SARA: SUPERFUND AMENDMENT AND REAUTHORIZATION ACT:
SECTIONS 302/304: Require emergency planning based on Threshold Planning Quantity
(TPQ) and release reporting based on Reportable Quantities (RQ) of extremely hazardous
substances (40 CFR Part 355):
Threshold Planning Quantity (TPQ): 100 lbs (45.4 kg)
Extremely Hazardous Substances (40 CFR 355): 1 lbs (0.454 kg)
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SECTIONS 311/312: Require submission of MSDSs and reporting of chemical inventories
with identification of EPA hazard categories. The hazard categories for this product are as
follows:
IMMEDIATE: Yes
PRESSURE: Yes
DELAYED: Yes
REACTIVITY: Yes
FIRE: Yes
SECTION 313: Requires submission of annual reports of release of toxic chemicals that
appear in 40 CFR Part 372.
None of the components of this mixture requires reporting under Section 313.
40 CFR 68: RISK MANAGEMENT PROGRAM FOR CHEMICAL ACCIDENTAL RELEASE
PREVENTION: Requires development and implementation of risk management programs at
facilities that manufacture, use, store, or otherwise handle regulated substances in quantities that
exceed specified thresholds.
None of the components of this mixture is listed as a regulated substance.
TSCA: TOXIC SUBSTANCES CONTROL ACT: The components of this mixture are listed on
the TSCA inventory.
OSHA: OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION:
29 CFR 1910.119: PROCESS SAFETY MANAGEMENT OF HIGHLY HAZARDOUS
CHEMICALS: Requires facilities to develop a process safety management program based on
Threshold Quantities (TQ) of highly hazardous chemicals.
None of the components of this mixture is listed in Appendix A as a highly hazardous
chemical.
STATE REGULATIONS:
CALIFORNIA: Ozone is not listed by California under the SAFE DRINKING WATER TOXIC
ENFORCEMENT ACT OF 1986 (Proposition 65).
PENNSYLVANIA: This product is subject to the PENNSYLVANIA WORKER AND
COMMUNITY RIGHT-TO-KNOW ACT (35 P.S. Sections 7301-7320).

16. Other Information
Be sure to read and understand all labels and instructions supplied or associated with this product.
ADDITIONAL SAFETY AND HEALTH HAZARDS: The presence of nitrogen and oxygen in the
corona discharge leads to the formation of small amounts of nitrogen oxides, mainly nitrogen pentoxide
(N2O5) and nitrogen dioxide (NO2). N2O5 is a yellowish white solid that sublimes at 86°F (30°C) into
NO2 and O2. NO2 is a reddish brown gas that liquefies at 68°F (20°C), forming a reddish brown liquid.
In contact with moisture in the feed gas, N2O5 forms highly corrosive nitric acid (HNO3). Generally, the
nitric acid will settle on the wall of the ozone generator. Inspection and maintenance personnel must take
care not to not to get this acid on their skin or clothing.
An ACGIH review suggests that a 60-min exposure of humans to 100 ppm nitrogen dioxide (NO2) leads
to pulmonary edema with possible subacute or chronic lesions in the lungs, and 25 ppm leads to
respiratory irritation and chest pain. Whenever there is exposure to unusual amounts of nitrogen dioxide,
the exposed persons should be under medical supervision for a period of 72 hours to detect the earliest
signs of pulmonary edema. The odor of NO2 is perceptible for some persons at 0.11 ppm, and for most
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at 0.22 ppm. Dark adaptation and the ability to perceive dim lights is impaired by as little as 0.074 ppm.
Exposure to 0.7 to 2 ppm for 10 minutes causes increased resistance to the flow of air in the respiratory
tract.
OTHER HAZARDOUS CONDITIONS OF HANDLING, STORAGE, AND USE: Toxic, oxidizing
gas. Harmful or fatal if inhaled. Do not breathe gas. Do not get vapors or liquid in eyes, on skin, or on
clothing. (See section 3.) Have safety showers and eyewash fountains immediately available. Use piping
and equipment adequately designed to withstand pressures to be encountered. Use only in a closed
system constructed of corrosion-resistant materials. Never work on a pressurized system. If there is a
leak, shut the system down. Blow down the system and purge it per instructions, in an environmentally
safe manner and in compliance with all federal, state, and local laws, then repair the leak. Do not eat,
drink, or smoke in areas where ozone is used. Wash hands and face thoroughly to clean them of any
residual before eating, drinking, smoking, using the toilet, or applying cosmetics.
NOTE: Prior to using any plastics, confirm their compatibility with ozone by-products.
MIXTURES: When you mix two or more gases or liquefied gases, you can create additional,
unexpected hazards. Obtain and evaluate the safety information for each component before you produce
the mixture. Consult an industrial hygienist or other trained person when you evaluate the end product.
Remember, gases and liquids have properties that can cause serious injury or death.
HAZARD RATING SYSTEMS:
NFPA RATINGS:
HEALTH
FLAMMABILITY
REACTIVITY
SPECIAL

=3
=0
=1
= OX

HMIS RATINGS:
HEALTH
FLAMMABILITY
REACTIVITY

=3
=0
=1

Ask your supplier about free Praxair safety literature. Further safety information can be found in the
following pamphlets published by the Compressed Gas Association, Inc. (CGA), 1725 Jefferson Davis
Highway, Arlington, VA 22202-4102, Telephone (703) 412-0900.
P-1
P-14
—

Safe Handling of Compressed Gases in Containers
Accident Prevention in Oxygen-Rich, Oxygen-Deficient Atmospheres
Handbook of Compressed Gases, Third Edition
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Praxair asks users of this product to study this MSDS and become aware of product hazards and safety
information. To promote safe use of this product, a user should (1) notify employees, agents, and
contractors of the information in this MSDS and of any other known product hazards and safety
information, (2) furnish this information to each purchaser of the product, and (3) ask each purchaser to
notify its employees and customers of the product hazards and safety information.
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The opinions expressed herein are those of qualified experts within Praxair, Inc. We
believe that the information contained herein is current as of the date of this Material
Safety Data Sheet. Since the use of this information and the conditions of use of the
product are not within the control of Praxair, Inc., it is the user’s obligation to
determine the conditions of safe use of the product.

Praxair MSDSs are furnished on sale or delivery by Praxair or the independent distributors and suppliers
who package and sell our products. To obtain current Praxair MSDSs for these products, contact your
Praxair sales representative or local distributor or supplier. If you have questions regarding Praxair
MSDSs, would like the form number and date of the latest MSDS, or would like the names of the Praxair
suppliers in your area, phone or write the Praxair Call Center (Phone: 1-800-PRAXAIR; Address:
Praxair Call Center, Praxair, Inc., PO Box 44, Tonawanda, NY 14150-7891).

Praxair is a trademark of Praxair Technology, Inc.
Praxair, Inc.
39 Old Ridgbury Road
Danbury, CT 06810-5113
Printed in USA
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PRODUCT INFORMATION
20%-40% hydrogen peroxide concentration
material safety data sheet
cas no. 7722-84-1

U.S. / Canada Version - Effective July 1, 1996
WWW Replication - Effective June 4, 1997

1. Chemical Product / Company Identification
Product name...

Durox (TM) REG & LR 35%
Hybrite (R) 32.5%
OxyPure (R) 35%
Semiconductor, REG & SEG 31%
Standard 27.5 & 35%
Super D (R) 25 & 35%
Technical 35%
Chlorate Grade 20%

Synonyms...

Hydrogen peroxide solutions 20 to 40%

Information provided by...

FMC Corporation
Peroxygen Chemical Division
1735 Market Street
Philadelphia, PA 19103
(215) 299-6000

FMC of Canada Ltd.
Peroxygen Chemical Division
PG Pulp Mill Road
Prince George, BC Y2N2S6
(604) 561-4200

Emergency phone numbers...

Chemtrec
Medical
Plant/Other

(800) 424-9300
(303) 595-9048 call collect
(609) 924-6677 call collect in
U.S.
(613) 996-6666 CANUTEC

l

l

l

l

2. Composition / Information on Ingredients
CAS # and Components...

l

Material / Component
Percent
CAS #

3. Hazard Identification

Hydrogen Peroxide
20 to 40%
7722-84-1

Water
60 to 80%
7732-18-5
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Emergency Overview...

Oxidizer. Contact with combustibles may cause fire. Decomposes
yielding oxygen that supports combustion of organic matters and
can cause overpressure if confined.

Health Effects...

Corrosive to eyes, nose, throat and lungs. May cause irreversible
tissue damage to the eyes including blindness. May cause skin
irritation.

l

l

4. First Aid Measures
Eyes...

Immediately flush with large amounts of water for at least 15
minutes, lifting upper and lower lids intermittently. See a physician
or opthalmologist.

Skin...

Wash with large amounts of water. If irritation persists, see a
physician.

Inhalation...

Remove to fresh air. If breathing difficulty or discomfort occurs, call
a physician.

Ingestion...

If swallowed, drink plenty of water immediately to dilute. Do not
induce vomiting or give anything by mouth to an unconscious
person. See a physician.

Notes to Physician...

Hydrogen peroxide at these concentrations is a strong oxidant.
Direct contact with the eye is likely to cause corneal damage
especially if not washed immediately. Careful ophthalmologic
evaluation is recommended and the possibility of local
corticosteroid therapy should be considered. Because of the
likelihood of corrosive effects on the gastrointestinal tract after
ingestion and the unlikelihood of systemic effects, attempts at
evacuating the stomach via emesis induction of gastric lavage
should be avoided. There is remote possibility, however, that a
nasogastric or orogastric tube may be required for the reduction of
severe distension due to gas formation.

l

l

l

l

l

5. Fire Fighting Measures
Extinguishing Media...

Preferably water or water fog. Carbon dioxide and dry chemical
may also be used.

Special Firefighting
Procedures...

Any tank or container surrounded by fire should be flooded with
water for cooling. Wear full protective clothing and self-contained
breathing apparatus.

l

l

l

l

Degrees of Fire and Explosion Product is noncombustible. On decomposition H2O2 releases
oxygen which may intensify fire.
Hazard...
Hazardous Decomposition
Products...

Oxygen which supports combustion.

6. Accidental Release Measures
Procedure for Release Or
Spill...
l

Dilute with large volume of water and hold in a pond or diked area
until H2O2 decomposes. Dispose according to methods outlined for
waste disposal.
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7. Handling and Storage
Handling...

Wear cup type chemical safety goggles and/or full face shield,
polyester or acrylic full cover clothing and rubber or neoprene
gloves and shoes. Avoid cotton, wool and leather. Avoid excessive
heat and contamination. Contamination may cause decomposition
and generation of oxygen gas which could result in high pressures
and possible container rupture. Hydrogen peroxide should be stored
only in vented containers and should be transferred only in a
prescribed manner (see FMC technical bulletins). Never return
unused hydrogen peroxide to original container. Empty drums
should be triple rinsed with water before discarding. Utensils used
for handling hydrogen peroxide should be made only of glassy
stainless steel, aluminum or plastic.

Ventilation...

Provide mechanical general and/or local exhaust ventilation to
prevent release of vapor or mist into the work environment.

Storage...

Store drums in cool areas out of direct sunlight and away from
combustibles. For bulk storage refer to FMC technical bulletins.

l

l

l

8. Exposure Controls / Personal Protection
Control Measures...

l

Ventilation should be provided to minimize the release of H2O2
vapors and mist into the work environment. Spills should be
collected or confined immediately and diluted for disposal to
prevent release into the work area. Remove contaminated clothing
immediately and wash before reuse.

Recommended Personal
Protective Equipment...
Respiratory

l

Eyes
Gloves
Special Clothing and
Equipment
Footwear

If concentrations in excess of 10 ppm are expected use approved
self-contained breathing apparatus. Do not use oxidizable sorbants
such as activated carbon.
Use cup type chemical goggles and/or full face shield.
Liquid proof rubber or neoprene gloves.
Polyester or acrylic full clothing. (avoid cottony wool and leather)
Rubber or neoprene footwear. (avoid leather)

9. Physical and Chemical Properties
Properties for...
Melting / Freezing Point
Boiling Point
Vapor Pressure
Vapor Density (Air=1)
Room Temperature
(appearance and state)
Vapor Density (Air=1)
Specific Gravity (H2O = 1)
Solubility in H2O, % by wt

20%
-15°C (6°F)
103°C (218°F)
28 mm Hg @ 30°C
No data available

31%
-26°C (-15°F)
107°C (225°F)
24 mm Hg @ 30°C
No data available

35%
-33°C (-27°F)
108°C (226°F)
23 mm Hg @ 30°C
No data available

Clear colorless liquid Clear colorless liquid Clear colorless liquid
Odorless
1.07 @ 20 °C / 4 °C
100%

Odorless
1.11 @ 20 °C / 4 °C
100%

Odorless
1.13 @ 20 °C / 4 °C
100%
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Product %
Information/Material
Safety Data
Sheets - 20%-40%100%
Hydrogen Peroxide 100%
Concentration
Volatiles
100%

l

Evaporation Rate (butyl
acetate=1)
pH (as is)
pH (1% solution)
Odor Threshold
Density (g/mL)
Partition Coefficient (noctanol/water)
Flash Point
Autoignition Temperature
Flammable Limits: Upper
Flammable Limits: Lower (air)
Explosive Properties
Oxidizing Properties
Solubility: Fat Solubility
(solvent - oil)

Above 1

Above 1

Above 1

2.0 - 3.5
5.0 - 6.0
Not available
Not available

2.0 - 3.5
5.0 - 6.0
Not available
Not available

2.0 - 3.5
5.0 - 6.0
Not available
Not available

Not available

Not available

Not available

Non-combustible
Non-combustible
Non-combustible
Non-combustible
Not applicable
Strong oxidizer

Non-combustible
Non-combustible
Non-combustible
Non-combustible
Not applicable
Strong oxidizer

Non-combustible
Non-combustible
Non-combustible
Non-combustible
Not applicable
Strong oxidizer

No data available

No data available

No data available

10. Stability and Reactivity
l
l

Stability...

Stable (heat and contamination could cause decomposition)

Hazardous Polymerization...

Will not occur

Conditions to Avoid...

Excessive heat or contamination could cause product to become
unstable.

Materials to Avoid...

Dirt, organics, cyanides and combustibles such as wood, paper,
oils, etc.

l

l

l
l

l
l

l

Major Contaminants that
Contribute to Instability...

Iron and other heavy metals, copper alloys and caustic.

Incompatibility...

Reducing agents, wood, paper and other combustibles (see above)

Hazardous Decomposition
Products...

Oxygen that supports combustion

Sensitivity to Mech Impact...

No data available

Sensitivity to Static
Discharge...

No data available

11. Toxicological Information
Eye Contact...

Extremely irritating/corrosive (rabbit) (35% H2O2)
Ref. I83-748

Skin Contact...

Mildly irritating after 4 hours exposure (rabbit) (35% H2O2)
Ref. I83-747

Skin Absorption...

LD50 > 2000 mg/kg (rabbit) (35% H2O2)
Ref. I83-746

Inhalation...

LC50 > 0.17 mg/L (rat) (50% H2O2)
Ref. I89-1080

Ingestion...

LD50 = 1193 mg/kg (rat) (35% H2O2)
Ref. I83-745

l

l

l

l

l
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20%-40% Hydrogen
Peroxide
Concentration
Extremely
to eyes
and gastrointestinal
tract. May
Effects from
Overexposure...

cause irreversible tissue damage to the eyes, including blindness.
Inhalation of mist or vapors may be severely irritating to nose,
throat and lungs. May cause skin irritation.

Chronic Effects from
Overexposure...

There are reports of limited evidence of carcinogenicity of hydrogen
peroxide to mice administered high concentrations in their drinking
water (IARC Monograph 36, 1985). However, the international
agency for research on cancer concluded that hydrogen peroxide
could not be classified as to its carcinogenicity to humans (Group III
carcinogen).

l

(Note: Effects considered include: Sensitivities, Carcinogenicity,
Teratogenicity, Synergisic Products, and any Medical Conditions
generally recognized as being aggravated by exposure.)

l

12. Ecological Information
Environmental Fate...

H2O2 in the aquatic environment is subject to various reduction or
oxidation processes and decomposes into water and oxygen. H2O2
half life in freshwater ranged from 8 hours to 20 days, in air from
10-20 hrs. And in soils from minutes to hours depending upon
microbiological activity and metal contaminants.

Environmental Effects...

Channel catfish: 96 hr LC50 = 37.4 mg/L
Fathead minnow: 96 hr LC50 = 16.4 mg/L
Daphnia magna: 24 hr EC50 = 7.7 mg/L
Daphnia pule: 48 hr LC50 = 2.4 mg/L
Physa sp.: 96 hr LC50 = 17.7 mg/L (freshwater snail)

l

For more information refer to ECETOC "Joint Assessment of
Commodity Chemicals, No.22, Hydrogen Peroxide." ISSN-07736339, January 1993

l

13. Disposal Considerations
Waste Disposal Method...

l

An acceptable method of disposal is to dilute with a large amount of
water and allow the hydrogen peroxide to decompose followed by
discharge into a suitable treatment system in accordance with all
regulatory agencies. Because acceptable methods of disposal may
vary by location and because regulatory requirements may change,
the appropriate regulatory agencies should be contacted prior to
disposal.

14. Transport Information

l

DOT Proper Shipping Name... Hydrogen peroxide, aqueous solutions with not less than 20 percent
but not more than 40 percent hydrogen peroxide.
IATA...

Hydrogen peroxide, aqueous solutions with not less than 20 percent
but not more than 40 percent hydrogen peroxide.

IMDG...

Hydrogen peroxide, aqueous solutions with not less than 20 percent
but not more than 40 percent hydrogen peroxide.

DOT Classification...

5.1 (Oxidizer)

DOT Labels...

Oxidizer, corrosive

l

l
l
l
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Sheets peroxide,
- 20%-40%
Hydrogen
Peroxide
Concentration
Hydrogen
aqueous
solutions
with not
less than 20 percent
Marking...
but not more than 40 percent hydrogen peroxide. UN 2014

l
l
l
l
l

DOT Placard...

5.1 (Oxidizer)

UN Number...

UN 2014

Hazardous Substance / RQ...

Not applicable

49 STCC Number...

4918776

Precautions to be Taken in
Transportation...

Protect from physical damage. Keep drums in upright position.
Drums should not be stacked in transit. Do not store drums on
wooden pallets.

Other Shipping Information...

Aluminum tanks, drum/DOT 42D, Packing group II

l
l

15. Regulatory Information
OSHA Exposure Limits...
Substance(s)
OSHA:
PEL-TWA
STEL
Ceiling
Skin Designation

Hydrogen Peroxide
1 ppm
Not applicable
Not applicable
Not applicable

ACGIH:
TLV-TWA
STEL
Ceiling
Skin Designation

1 ppm
Not applicable
Not applicable
Not applicable

l
l

Target Organ Effects...

Sensory irritation, eyes and lungs

Carcinogenic Potential...

Hydrogen peroxide

Regulated by OSHA
Listed on NTP Report
IARG Group 1, 2a, 2b

No
No
No

l

U.S. EPA Requirements...
Release Reporting
CERCLA (40 CFR 302)

Not listed
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Listed Substance(s)
Product Information/Material
Safety Data Sheets - 20%-40% Hydrogen Peroxide Concentration
RQ
Characteristic
RCRA Waste No.

No
Not applicable
Not applicable
Not applicable

Unlisted Substance(s)
RQ
Characteristic
RCRA Waste No.

Hydrogen peroxide 20-40%
100 lbs
Ignitability, Corrosivity
D001, D002

l

SARA Title III Sec. 313...
(40 CFR 372)
Listed Toxic Chemical

Not listed
Not listed

l

Inventory Reporting
SARA Title III, Sec 311/312
(40 CFR 370)...
Substance(s)
Hazard Category
Planning Threshold

Hydrogen peroxide 20-40%
Fire hazard, Immediate (acute) health hazard
Conc. < 52% (10,000 lbs)

l

Emergency Planning
SARA Title III, Sec 302/303
(40 CFR 355)...
Listed Substance(s)
RQ
Planning Threshold

Not applicable
Not applicable
Not applicable

l

U.S. TSCA Status...

Listed

Canada Ingredient Disclosure
List...
Substance(s)
Controlled Product
Hazard Symbols
Hazard Class & Division
Product Ident. No.
Domestic Substance
List
CEPA Priority List

Hydrogen peroxide
Yes
Corrosive, Oxidizing, Materials causing other toxic effects
Class C, Class D, Div. 2, Subdiv. B, Class E
2014
Listed
Not listed

l

l

Carcinogenicity
ACGIH Appendix A
A1 - Confirmed Human
A1 - Suspected Human

Not listed
Not applicable
Not applicable

IARC Group 1 or 2

No
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Safety Data Sheets - 20%-40% Hydrogen Peroxide Concentration
Language
(U.S. / Canada)...
Health

Physical
Handling and Storage

First Aid

Danger. Corrosive to eyes. Direct eye contact may cause reversible
tissue damage including blindness. Inhalation of mist or vapor could
cause irritation of lungs, nose and throat, usually subsides after
exposure ceases. Do not ingest. Corrosive to gastrointestinal tract.
May be fatal if swallowed.
Oxidizer. Initiates combustion in other materials by causing fire
through release of oxygen.
Keep container in cool place (avoid excessive heat), away from
combustibles such as wood, paper, oils, etc. Store only in vented
containers. Storage should conform to standards in NFPA bulletin
43a. Avoid contamination - contamination could cause
decomposition and generation of oxygen which may result in high
pressures and possible container rupture. Do not return unused
material to the original container. Wear cup type chemical safety
goggles and/or full face mask. Use only suitable protective clothing,
e.g., rubber, neoprene or synthetic fibers (avoid cotton, wool and
leather). Use glass, stainless steel, aluminum or plastic materials
when handling hydrogen peroxide. Empty drums should be triple
rinsed with water before discarding.
In case of contact, immediately flush eyes or skin with plenty of
water for at least 15 minutes while removing contaminated clothing
and shoes. See a physician. Wash clothing before reuse. If
swallowed, drink plenty of water to dilute. Do not induce vomiting.
See a physician immediately.

l

State Regulations...

Proposition 65 - California
Safe Drinking Water and Toxics Enforcement Act of 1986 requires
The government of California to develop a list of carcinogens (a)
and reproductive toxins (b). No persons doing business shall
knowingly expose any individual to a chemical on this list. FMC’s
70% hydrogen peroxide contains the indicated concentration(s) of
Listed chemicals: cadmium (a) 0.1%; chromium (a) less than 0.2%
and lead (b) less than 0.5%.
(Note: Percentages less than 70% hydrogen peroxide would contain
proportionately less.)

l

16. Other Information
Product Uses...

Durox (TM) 35% REG & LR meets food chemical codex
requirements for aseptic packaging and other food related
applications.
Oxypure (R) 35% certified by NSF to meet ANSI/NSF Std. 60
requirements for drinking water treatment.
Standard 27.5 & 35% grade most suitable for industrial bleaching,
processing, pollution abatement and general oxidation reactions.
Semiconductor REG & SEG 31% conform to ACS and semi specs.
For wafer etching and cleaning and applications requiring low
residues.
Super D (R) 25 & 35% complies with pharmacopoeia specifications
suitable for preparing dilute solutions for pharmaceutical and/or
cosmetic applications.
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Technical 35% essentially free of inorganic metals, suitable for
chemical synthesis.
Hybrite (R) 32.5% used for metal treating
Chlorate grade 20% specially formulated for use in chlorate
manufacture or processing.
l

NFPA 704...
Health
Flammability
Reactivity
Special Hazard

2
0
1
OX (where degree of hazard: 0 = no hazard and 4 = severe hazard)

l

Hazardous Materials
Identification System (HMIS)...
Health
Flammability
Reactivity
Personal Protection
Index (PPI)

2
0
1
H (safety goggles, gloves, apron, and vapor respirator)

l

The contents and format of this MSDS are in accordance with OSHA hazard communication standard and Canada's
workplace hazardous information system (WHMIS).

[Back to Material Safety Data Sheets List]

Copyright © H2O2.com
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carus CHEMICAL COMPANY
Material Safety Data Sheet
CARULITE 200 Low Temperature Oxidation Catalyst

Section 1 Chemical Product and Company Identification
CARULITE 200 Low Temperature Oxidation Catalyst
MANUFACTURER’S NAME: CARUS
CORPORATION
MANUFACTURING Carus Chemical Company
FACILITY:
1500 Eighth Street
P. O. Box 1500
LaSalle, IL 61301

Section 2

TELEPHONE NUMBER FOR INFORMATION:
(815) 223-1500
CHEMTREC TELEPHONE NO. : (800) 424-9300
EMERGENCY TELEPHONE NO.: (800) 435-6856

Composition and Information on Ingredients

SYNONYMS: None
CLASS: Inorganic oxides
HAZARDOUS MATERIALS IDENTIFICATION SYSTEM (HMIS):
Health Hazard
Flammability Hazard
Reactivity Hazard
Personal Protection Index

1
0
0
E
Hazardous Ingredients

Material or Component

CAS No.*

%

Hazard Data

Manganese Dioxide

1313-13-9

60-75 %

PEL** C**** 5 mg Mn per cubic meter of air
TLV-TWA*** 0.2 mg Mn per cubic meter of air

Copper Oxide

1317-38-0

11-14 %

PEL** 1 mg Cu per cubic meter of air
TLV-TWA*** 1 mg Cu per cubic meter of air

Aluminum Oxide

1344-28-1

15-16 %

TLV-TWA*** 10 mg per cubic meter of air

* Chemical Abstract Service Number
** OSHA Permissible Exposure Limit, manganese compounds (as Mn), copper dusts and mists (as Cu), 29 CFR
1910.1000 Table Z-1.
*** American Conference of Governmental Hygienists, 1998. TLV-TWA = the time weighted average concentration for
a normal 8-hour workday and a 40-hour work week, to which nearly all workers may be repeatedly exposed, day
after day, without adverse effect.
**** Ceiling Exposure Limit or maximum exposure concentration not to be exceeded under any circumstances.
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carus CHEMICAL COMPANY
Section 3

Hazards Identification

ROUTES OF EXPOSURE
1. Inhalation
May cause severe respiratory irritation.
2. Skin Contact
May cause skin irritation or burns.
3. Eye Contact
Contact may cause eye irritation or burns.
4. Ingestion
Irritating to mouth, throat, and stomach.
EFFECTS OF ACUTE AND CHRONIC EXPOSURE
1. Acute Exposure
May cause respiratory tract and eye irritation.
2. Chronic Exposure
Prolonged inhalation of manganese compounds above the ceiling exposure limit may cause lung irritation and
central nervous system disorders. The symptoms simulate Parkinson’s disease.
3. Carcinogenicity
NTP: not listed
IARC Monographs: not listed
OSHA Regulated: not listed
4. Medical Conditions Generally Aggravated by Exposure
Dust or fine powder may further irritate mucous membranes or open wounds.
Section 4

First Aid Measures

EMERGENCY AND FIRST AID PROCEDURES
1. Eyes
Immediately flush eyes with large amounts of water for at least 15 minutes holding lids apart to ensure flushing
of the entire surface. Seek medical attention if irritation persists.
2. Skin
Flush contaminated areas with large amounts of water. Remove contaminated clothing. Wash clothing before
reuse.
3. Inhalation
Remove person to fresh air. If breathing is difficult, administer oxygen. Seek medical attention.
4. Ingestion
Never give anything by mouth to an unconscious or convulsing person. If conscious, give large quantities of
water. Do not induce vomiting. Seek medical attention.
Section 5 Fire Fighting Measures
The material itself is noncombustible but may accelerate the burning of combustible material
FLASHPOINT None
FLAMMABLE OR EXPLOSIVE LIMITS Lower: Nonflammable
Upper: Nonflammable
EXTINGUISHING MEDIA Use extinguishing medium appropriate for surrounding materials.
SPECIAL FIREFIGHTING PROCEDURES None
UNUSUAL FIRE AND EXPLOSION HAZARDS Should not be heated or rubbed in contact with organic
matter or other oxidizable substances. Keep away from heat and flammable materials. Potentially strong
oxidizer.
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Section 6 Accidental Release Measures
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
Clean up spills immediately by scooping CARULITE catalyst into a metal drum. Deactivate by soaking with
water. Cover loosely. Flush contaminated floors with abundant quantities of water into sewer, if permitted by
federal, state, or local regulations.

Section 7 Handling and Storage
Store in a cool, dry area in closed container. Segregate from easily oxidizable materials, peroxides, chlorates, and
acids. Protect containers against physical damage.

Section 8 Exposure Controls and Personal Protection
VENTILATION REQUIREMENTS
Provide sufficient mechanical and/or local exhaust to maintain exposure levels below ceiling exposure limit.
RESPIRATORY PROTECTION
In cases where high dust exposure may exist, the use of NIOSH-MSHA dust and mist respirator or an air supplied
respirator is advised. Engineering or administrative controls should be implemented to control dust.
EYE PROTECTION
Primary eye protection (safety glasses or goggles).
GLOVES
Rubber or plastic gloves should be worn.
OTHER PROTECTIVE EQUIPMENT
Normal work clothing is sufficient.

Section 9 Physical and Chemical Properties
BOILING POINT, 760 mm Hg Not applicable
VAPOR PRESSURE (mm Hg) Not applicable
Insoluble
SOLUBILITY IN WATER % BY SOLUTION
SPECIFIC GRAVITY 4.7
PERCENT VOLATILE BY VOLUME Not volatile
BULK DENSITY 1.0 g/cm3
MELTING POINT Starts to decompose with evolution of oxygen at 454oC (850oF)
APPEARANCE AND ODOR Black extruded, granulated, or powdered solid; odorless
Section 10 Stability and Reactivity
STABILITY Stable under normal conditions. Moisture may reduce catalytic activity.
CONDITIONS TO AVOID Contact with incompatible materials or heat (454oC/850oF)
INCOMPATIBLE MATERIALS Contact with peroxides and chlorates may cause violent reaction under
certain conditions, such as elevated temperature or friction. May ignite organic material, especially organic
solvents. May initiate polymerization of monomers. May form unstable acetylides in contact with acetylene.
HAZARDOUS DECOMPOSITION PRODUCTS None
CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION Material is not known to
polymerize.
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carus CHEMICAL COMPANY
Section 11 Toxicological Information
Most diagnosed cases of manganese toxicity in humans have been reported following exposures to airborne concentrations
of manganese above the ceiling exposure limit. The usual form of chronic manganese toxicity involves the central nervous
system.
Reports of adverse effects in humans from ingestion of manganese are rare.

Section 12 Ecological Information
Inorganic manganese compounds have negligible vapor pressures but exist in air as suspended particulate matter which
settle under the influence of gravity.
The transport of manganese in water is influenced by the solubility of the form present. Insoluble forms, such as
manganese dioxide, are transported as sediments.
The biomagnification of manganese in the food chain does not appear to be significant.

Section 13 Disposal considerations
Carulite 200 is not considered a hazardous waste under 40 CFR 261. Dispose of deactivated Carulite in a landfill
approved to accept chemical waste, after verifying that it is not contaminated with hazardous substances through usage.

Section 14 Transport Information
Proper Shipping Name: Manganese dioxide compound
ID Number:
Not regulated by DOT
Product R.Q. (lb.)
None

Section 15 Regulatory Information
Carulite 200 Low Temperature Oxidization Catalyst contains manganese compounds (CAS Reg. No. N/A) and copper
compounds (CAS Reg. No. N/A) as part of the mixture and is subject to the reporting requirements of Section 313 of Title
III Superfund Amendments and Reauthorization Act of 1986 and 40 CFR Part 372.
Components of this product are listed on the TSCA Inventory.
Manganese dioxide and copper oxide are considered hazardous chemicals by definition of Hazard Communication Standard
(29CFR 1910.1200).

Section 16 Other Information
MSDS Status: Revised April 1999.
Supercedes Date: Sept 1997
Form Number: CL 170-3 Revision 2
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carus CHEMICAL COMPANY
The information contained herein is accurate to the best of our knowledge. However, data, safety standards
and government regulations are subject to change and, therefore, holders and users should satisfy themselves
that they are aware of all current data and regulations relevant to their particular use of product. CARUS
CHEMICAL COMPANY DISCLAIMS ALL LIABILITY FOR RELIANCE ON THE COMPLETENESS OR
ACCURACY OR THE INFORMATION INCLUDED HEREIN. CARUS CHEMICAL COMPANY MAKES
NO WARRANTY, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR PARTICULAR USE OR PURPOSE OF THE
PRODUCT DESCRIBED HEREIN. All conditions relating to storage, handling, and use of the product are
beyond the control of Carus Chemical Company, and shall be the sole responsibility of the holder or user of the
product.

CARUS CHEMICAL COMPANY IS A DIVISION OF CARUS CORPORATION,
315 5TH STREET, PERU, ILLINOIS 61354
Telephone: (800) 435-6856
(815) 223-1500
Fax:
(815) 224-6697

Product: Oxygen

Form No.: P-4638-D

Date: October 1997

Praxair™ Material Safety Data Sheet
1. Chemical Product and Company Identification
Product Name:

Oxygen (MSDS No. P-4638-D)

Chemical Name: Oxygen

Trade Name:

Oxygen

Synonyms:

Not applicable

Formula:

O2

Chemical Family: Not applicable

Telephone:

Emergencies: 1-800-645-4633*
CHEMTREC 1-800-424-9300*
1-800-PRAXAIR
Routine:

Company Name:

Praxair, Inc.
39 Old Ridgebury Road
Danbury CT 06810-5113

*Call emergency numbers 24 hours a day only for spills, leaks, fire, exposure, or accidents involving this
product. For routine information contact your supplier, Praxair sales representative, or call
1-800-PRAXAIR (1-800-772-9247).

2. Composition / Information on Ingredients
For custom mixtures of this product request a Material Safety Data Sheet for each component. See
Section 16 for important information about mixtures.
INGREDIENT NAME CAS NUMBER

PERCENTAGE OSHA PEL

Oxygen

>99%*

7782-44-7

ACGIH TLV-TWA

None currently None currently
established
established

*The symbol ">" means "greater than."

3. Hazards Identification

EMERGENCY OVERVIEW
WARNING! High-pressure, oxidizing gas.
Vigorously accelerates combustion.
Self-contained breathing apparatus may
be required by rescue workers.
Odor: None
THRESHOLD LIMIT VALUE: None currently established— ACGIH 1997 recommends a TLV-TWA
of 0.5 mg/m3 for welding fumes not otherwise classified (NOC) that may be generated during welding with
this product. See section 16 for more information on welding hazards.
EFFECTS OF A SINGLE (ACUTE) OVEREXPOSURE:
INHALATION–Breathing 80% or more oxygen at atmospheric pressure for more than a few hours
may cause nasal stuffiness, cough, sore throat, chest pain and breathing difficulty. Breathing oxygen at
Copyright 1978, 1985, 1992, 1997 Praxair Technology, Inc.
All rights reserved.
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higher pressure increases the likelihood of adverse effects within a shorter time period. Breathing pure
oxygen under pressure may cause lung damage and also central nervous system effects resulting in
dizziness, poor coordination, tingling sensation, visual and hearing disturbances, muscular twitching,
unconsciousness and convulsions. Breathing oxygen under pressure may cause prolongation of
adaptation to darkness and reduced peripheral vision.
SKIN CONTACT–No harm expected.
SWALLOWING–This product is a gas at normal temperature and pressure.
EYE CONTACT–No harm expected.
EFFECTS OF REPEATED (CHRONIC) OVEREXPOSURE: No harm expected.
OTHER EFFECTS OF OVEREXPOSURE: See section 11, Toxicological Information.
MEDICAL CONDITIONS AGGRAVATED BY OVEREXPOSURE: See section 11, Toxicological
Information.
SIGNIFICANT LABORATORY DATA WITH POSSIBLE RELEVANCE TO HUMAN HEALTH
HAZARD EVALUATION: None known.
CARCINOGENICITY: Oxygen is not listed by NTP, OSHA, or IARC.

4. First Aid Measures
INHALATION: Remove to fresh air. If not breathing, give artificial respiration. Keep victim warm and
at rest. Call a physician. Advise the physician that the victim has been exposed to a high concentration of
oxygen.SKIN CONTACT: No emergency care anticipated.
SWALLOWING: This product is a gas at normal temperature and pressure.
EYE CONTACT: No emergency care anticipated.
NOTES TO PHYSICIAN: Supportive treatment should include immediate sedation, anti-convulsive
therapy if needed, and rest. See section 11, Toxicological Information.

5. Fire Fighting Measures
FLASH POINT
(test method)

Not applicable

AUTOIGNITION
TEMPERATURE

Not applicable

FLAMMABLE LIMITS
IN AIR, % by volume

LOWER

Not applicable

UPPER

Not applicable

EXTINGUISHING MEDIA: Vigorously accelerates combustion. Use media appropriate for surrounding
fire. Water (e.g. safety shower) is the preferred extinguishing media for clothing fires.
SPECIAL FIRE FIGHTING PROCEDURES:
WARNING! High-pressure, oxidizing gas. Evacuate all personnel from danger area. Immediately deluge
cylinders with water from maximum distance until cool, then move them away from fire area if without
risk. Self-contained breathing apparatus may be required by rescue workers. On-site fire brigades must
comply with OSHA 29 CFR 1910.156.
UNUSUAL FIRE AND EXPLOSION HAZARDS: Oxidizing agent; vigorously accelerates combustion.
Contact with flammable materials may cause fire or explosion. Heat of fire can build pressure in cylinder
and cause it to rupture. Oxygen cylinders are equipped with a pressure relief device. (Exceptions may exist
where authorized by DOT.) No part of a cylinder should be subjected to a temperature higher than
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125F (52C). Smoking, flames, and electric sparks in the presence of enriched oxygen atmospheres
are potential explosion hazards.
HAZARDOUS COMBUSTION PRODUCTS: None known.

6. Accidental Release Measures
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED:
WARNING! High-pressure, oxidizing gas. Shut off flow if without risk. Ventilate area or move cylinder
to well-ventilated area. Remove all flammable materials from vicinity. Oxygen must never be permitted to
strike an oily surface, greasy clothes, or other combustible material.
WASTE DISPOSAL METHOD: Prevent waste from contaminating the surrounding environment. Keep
personnel away. Discard any product, residue, disposable container or liner in an environmentally
acceptable manner, in full compliance with federal, state, and local regulations. If necessary, call your local
supplier for assistance.

7. Handling and Storage
PRECAUTIONS TO BE TAKEN IN STORAGE: Store and use with adequate ventilation, away from
oil, grease, and other hydrocarbons. Separate oxygen cylinders from flammables by at least 20 feet or use a
barricade of noncombustible material. This barricade should be at least 5 feet high and have a fire
resistance rating of at least ½ hour. Firmly secure cylinders upright to keep them from falling or being
knocked over. Screw valve protection cap firmly in place by hand. Store only where temperature will not
exceed 125°F (52°C). Store full and empty cylinders separately. Use a first-in, first-out inventory system to
prevent storing full cylinders for long periods.
PRECAUTIONS TO BE TAKEN IN HANDLING: Protect cylinders from damage. Use a suitable hand
truck to move cylinders; do not drag, roll, slide, or drop. Never attempt to lift a cylinder by its cap; the cap
is intended solely to protect the valve. Never insert an object (e.g., wrench, screwdriver, pry bar) into cap
openings; doing so may damage the valve and cause a leak. Use an adjustable strap wrench to remove
over-tight or rusted caps. Open valve slowly. If valve is hard to open, discontinue use and contact your
supplier. Never apply flame or localized heat directly to any part of the cylinder. High temperatures may
damage the cylinder and could cause the pressure relief device to fail prematurely, venting the cylinder
contents. Never strike an arc on a compressed gas cylinder or make a cylinder part of an electrical circuit.
For other precautions in using oxygen, see section 16.
Precautions when using oxygen in welding and cutting: Read and understand the manufacturer's
instructions and the precautionary labels on the products. See American National Standards Institute
(ANSI) Z49.1, Safety in Welding and Cutting, published by the American Welding Society, PO Box
351040, Miami, Florida 33135 and National Fire Protection Association (NFPA) 51, Oxygen Fuel Gas
Welding and Cutting.

8. Exposure Controls/Personal Protection
VENTILATION/ENGINEERING CONTROLS:
LOCAL EXHAUST–Use a local exhaust system, if necessary, to prevent increased oxygen
concentration and, in welding, to keep hazardous fumes and gases below applicable TLVs in the
worker's breathing zone.
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MECHANICAL (general)–General exhaust ventilation may be acceptable if it can maintain a
supply of air that is not too rich in oxygen and, during welding, can keep hazardous fumes and
gases below the applicable TLVs in the worker's breathing zone.
SPECIAL–None
OTHER–None
RESPIRATORY PROTECTION: None required under normal use. However, air-supplied respirators
are required while working in confined spaces with this product. For welding, use air-purifying or
air-supplied respirators, as appropriate, where local or general exhaust ventilation is inadequate. Adequate
ventilation must keep worker exposure below applicable TLVs for fumes, gases and other by-products of
welding with oxygen. See sections 3, 10, and 16 for details. The respiratory protection use must conform
with OSHA rules as specified in 29 CFR 1910.134.
SKIN PROTECTION: Wear work gloves when handling cylinders; welding gloves for welding. Gloves
must be free of oil and grease.
EYE PROTECTION: Wear safety glasses when handling cylinders. For welding, wear goggles with
filter lens selected as per ANSI Z49.1. Provide protective screens and goggles, if necessary, to protect
others. Select as per OSHA 29 CFR 1910.33
OTHER PROTECTIVE EQUIPMENT: Metatarsal shoes for cylinder handling. Select in accordance
with OSHA 29 CFR 1910.132 and 1910.133. As needed for welding, wear hand, head, and body protection
to help prevent injury from radiation and sparks. (See ANSI Z49.1.) At a minimum this includes welder's
gloves and protective goggles, and may include arm protectors, aprons, hats, shoulder protection, as well as
substantial clothing. Regardless of protective equipment, never touch live electrical parts.

9. Physical and Chemical Properties
MOLECULAR WEIGHT: 31.9988

EXPANSION RATIO: Not applicable

SPECIFIC GRAVITY (air=1): At 70°F (21.1°C)
and 1 atm: 1.105

SOLUBILITY IN WATER: vol/vol at 32°F
(0°C): 0.0491

GAS DENSITY: At 70°F (21.1°C) and 1 atm:
0.083279 lbs/ft3(1.326 kg/m3)

VAPOR PRESSURE: AT 68°F (20°C): Not
applicable

PERCENT VOLATILES BY VOLUME: 100

EVAPORATION RATE (Butyl Acetate=1):
Gas, not applicable

BOILING POINT (1 atm): -297.33°F (182.96°C) pH: Not applicable
FREEZING POINT (1 atm): -361.8°F (-218.78°C )
APPEARANCE, ODOR, AND STATE: Colorless, odorless, tasteless gas at normal temperature and pressure.

10. Stability and Reactivity
STABILITY:

Unstable

Stable

X

7INCOMPATIBILITY (materials to avoid): Combustible materials, asphalt, flammable materials,
especially oils and greases. Oxygen reacts with many materials. See NFPA 491M, Manual of Hazardous
Chemical Reactions for details.
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HAZARDOUS DECOMPOSITION PRODUCTS: None.
HAZARDOUS POLYMERIZATION:

May Occur

Will Not Occur

X

CONDITIONS TO AVOID: None currently known.

11. Toxicological Information
At atmospheric concentration and pressure, oxygen poses no toxicity hazards. At high concentrations,
newborn premature infants may suffer delayed retinal damage (retrolental fibroplasia) that can progress to
retinal detachment and blindness. Retinal damage may also occur in adults exposed to 100% oxygen for
extended periods (24 to 48 hours) or at greater than atmospheric pressure, particularly in individuals whose
retinal circulation has been previously compromised. All individuals exposed for long periods to oxygen at
high pressure and all who exhibit overt oxygen toxicity should have ophthalmologic examinations.
At two or more atmospheres, toxicity to the Central Nervous System (CNS) occurs. Symptoms include
nausea, vomiting, dizziness or vertigo, muscle twitching, vision changes, and loss of consciousness and
generalized seizures. At three atmospheres, CNS toxicity occurs in less than two hours; at six atmospheres,
in only a few minutes.
Patients with chronic obstructive pulmonary disease retain carbon dioxide abnormally. If oxygen is
administered, raising their blood oxygen concentration, their breathing becomes depressed and retained
carbon dioxide rises to a dangerous level.
Animal studies suggest that the administration of certain drugs, including phenothiazine drugs and
chloroquine, increases the susceptibility to toxicity from oxygen at high concentrations or pressures.
Animal studies also indicate that vitamin E deficiency may increase susceptibility to oxygen toxicity.
Airway obstruction during high oxygen tension may cause alveolar collapse following absorption of the
oxygen. Similarly, occlusion of the eustachian tubes may cause retraction of the eardrum and obstruction of
the paranasal sinuses may produce vacuum-type headache.

12. Ecological Information
No adverse ecological effects expected. Oxygen does not contain any Class I or Class II ozone-depleting
chemicals. Oxygen is not listed as a marine pollutant by DOT.

13. Disposal Considerations
WASTE DISPOSAL METHOD: Do not attempt to dispose of residual or unused quantities. Return
cylinder to supplier. For emergency disposal, secure cylinder in a well-ventilated area or outdoors, then
slowly discharge gas to the atmosphere.
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14. Transport Information
DOT/IMO SHIPPING NAME: Oxygen,
compressed

HAZARD CLASS: 2.2

IDENTIFICATION NUMBER: UN 1072

PRODUCT RQ: Not applicable

SHIPPING LABEL(s): OXYGEN. An oxygen label may be used for domestic shipment in the United
States and Canada in place of the NONFLAMMABLE GAS and OXIDIZER labels (49 CFR Part 172).
PLACARD (When required): Nonflammable gas or oxygen
SPECIAL SHIPPING INFORMATION: Cylinders should be transported in a secure position, in a
well-ventilated vehicle. Cylinders transported in an enclosed, nonventilated compartment of a vehicle can
present serious safety hazards.
Shipment of compressed gas cylinders that have been filled without the owner's consent is a violation of
federal law [49 CFR 173.301(b)].

15. Regulatory Information
The following selected regulatory requirements may apply to this product. Not all such requirements are
identified. Users of this product are solely responsible for compliance with all applicable federal, state, and
local regulations.
U.S. FEDERAL REGULATIONS:
EPA (Environmental Protection Agency)
CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (40 CFR Parts 117 and 302):
Reportable Quantity (RQ): None
SARA: Superfund Amendment and Reauthorization Act:
SECTIONS 302/304: Require emergency planning based on Threshold Planning Quantity
(TPQ) and release reporting based on Reportable Quantities (RQ) of extremely hazardous
substances (40 CFR Part 355):
Threshold Planning Quantity (TPQ): None.
Extremely Hazardous Substances (40 CFR 355): None.
SECTIONS 311/312: Require submission of Material Safety Data Sheets (MSDSs) and
chemical inventory reporting with identification of EPA hazard categories. The hazard
categories for this products are as follows:
IMMEDIATE: No
DELAYED: No

PRESSURE: Yes
REACTIVITY: No
FIRE: Yes

SECTION 313: Requires submission of annual reports of release of toxic chemicals that
appear in 40 CFR Part 372.
Oxygen does not require reporting under Section 313.
40 CFR 68: Risk Management Program for Chemical Accidental Release Prevention: Requires
development and implementation of risk management programs at facilities that manufacture,
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use, store, or otherwise handle regulated substances in quantities that exceed specified
thresholds.
Oxygen is not listed as a regulated substance.
TSCA: Toxic Substances Control Act: Oxygen is listed on the TSCA inventory.
OSHA (OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION):
29 CFR 1910.119: Process Safety Management of Highly Hazardous Chemicals: Requires
facilities to develop a process safety management program based on Threshold Quantities (TQ)
of highly hazardous chemicals.
Oxygen is not listed in Appendix A as a highly hazardous chemical.
STATE REGULATIONS:
CALIFORNIA: This product is not listed by California under the Safe Drinking Water Toxic
Enforcement Act of 1986 (Proposition 65).
PENNSYLVANIA: This product is subject to the Pennsylvania Worker and Community Right-To-Know
Act (35 P.S. Sections 7301-7320).

16. Other Information
Be sure to read and understand all labels and instructions supplied with all containers of this product.
WARNING: Medical grades of Oxygen are subject to strict federal regulation, and are for use only under
the control of a licensed physician or clinician, familiar with the product and its hazards.
ADDITIONAL SAFETY AND HEALTH HAZARDS: High-pressure, oxydizing gas. Clean all
gauges, valves, regulators, piping, and equipment to be used in oxygen service in accordance with CGA
pamphlet G-4.1. Keep cylinders and their valves free of oil and grease. Use piping and equipment
adequately designed to withstand pressures to be encountered. Close cylinder valve after each use; keep
closed even when empty. Never use oxygen as a substitute for compressed air. Never use an oxygen jet
for cleaning purposes of any sort, especially for clothing. Oxygen increases the likelihood of an engulfing
fire. Prevent reverse flow. Reverse flow into cylinder may cause rupture. Use a check valve or other
protective device in any line or piping from the cylinder. Never work on a pressurized system. If there is a
leak, close the cylinder valve. Blow the system down in a safe and environmentally sound manner in
compliance with all federal, state and local laws; then repair the leak. Never ground a compressed gas
cylinder or allow it to become part of an electrical circuit.
Personnel who have been exposed to high concentrations of oxygen should stay in a well-ventilated or
open area before going into a confined space or near an ignition source.
SPECIAL PRECAUTIONS: Use in welding and cutting. Read and understand the manufacturer's
instructions and the precautionary label on the product. See American Standard Z49.1, Safety in Welding
and Cutting, published by the American Welding Society, PO Box 351040, Miami, FL 33135, and OSHA
Publication 2206 (29CFR 1910), US Government Printing Office, Washington, DC 20402, for more
information.
Arcs and sparks can ignite combustible materials. Prevent fires. Refer to NFPA 51B, “Cutting and
Welding Processes.” Do not strike an arc on the cylinder. The defect produced by an arc burn could lead
to cylinder rupture.
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MIXTURES: When you mix two or more gases or liquefied gases, you can create additional, unexpected
hazards. Obtain and evaluate the safety information for each component before you produce the mixture.
Consult an industrial hygienist, or other trained person when you evaluate the end product. Remember,
gases and liquids have properties that can cause serious injury or death.
HAZARD RATING SYSTEMS:
NFPA RATINGS:

HMIS RATINGS:

HEALTH

=0

HEALTH

=0

FLAMMABILITY

=0

FLAMMABILITY = 0

REACTIVITY

=0

REACTIVITY

SPECIAL

= OX (Oxidizer)

=0

STANDARD VALVE CONNECTIONS FOR U.S. AND CANADA:
THREADED:

0-3000 psig
3001-4000 psig
4001-5500 psig

CGA-540
CGA-577
CGA-701

PIN-INDEXED YOKE:

0-3000 psig

CGA-870 (Medical Use)

ULTRA-HIGH-INTEGRITY
CONNECTION:

0-3000 psig

CGA-714

Use the proper CGA connections. DO NOT USE ADAPTERS.
Ask your supplier about free Praxair safety literature as referenced on the label for this product; you may
also obtain copies by calling 1-800-PRAXAIR. Further information about oxygen can be found in the
following pamphlets published by the Compressed Gas Association, Inc. (CGA), 1725 Jefferson Davis
Highway, Arlington, VA 22202-4102, Telephone (703) 412-0900.
AV-1
AV-8
G-4.3
G-4.1
G-4.3
P-1
P-2
P-14
SB-2
SB-8
V-1
---

Safe Handling and Storage of Compressed Gases
Characteristics and Safe Handling of Cryogenic Liquid and Gaseous Oxygen
Commodity Specification for Gaseous and Liquid Oxygen
Cleaning Equipment for Oxygen Service
Commodity Specification for Oxygen
Safe Handling of Compressed Gases in Containers
Characteristics and Safe Handling of Medical Gases
Accident Prevention in Oxygen-Rich, Oxygen-Deficient Atmospheres
Oxygen-Deficient Atmospheres
Use of Oxy-Fuel Gas Welding and Cutting Apparatus
Compressed Gas Cylinder Valve Inlet and Outlet Connections
Handbook of Compressed Gases, Third Edition
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Praxair asks users of this product to study this Material Safety Data Sheet (MSDS) and become aware of
product hazards and safety information. To promote safe use of this product, a user should (1) notify
employees, agents and contractors of the information on this MSDS and of any other known product
hazards and safety information, (2) furnish this information to each purchaser of the product, and (3) ask
each purchaser to notify its employees and customers of the product hazards and safety information.
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The opinions expressed herein are those of qualified experts within Praxair, Inc.
We believe that the information contained herein is current as of the date of this
Material Safety Data Sheet. Since the use of this information and the conditions of
use of the product are not within the control of Praxair, Inc., it is the user's
obligation to determine the conditions of safe use of the product.

Praxair MSDSs are furnished on sale or delivery by Praxair or the independent distributors and
suppliers who package and sell our products. To obtain current Praxair MSDSs for these products,
contact your Praxair sales representative or local distributor or supplier. If you have questions regarding
Praxair MSDSs, would like the form number and date of the latest MSDS, or would like the names of
the Praxair suppliers in your area, phone or write the Praxair Call Center (Phone: 1-800-PRAXAIR;
Address: Praxair Call Center, Praxair, Inc., PO Box 44, Tonawanda, NY 14150-7891).

Praxair is a trademark of Praxair Technology, Inc.

Praxair, Inc.
39 Old Ridgebury Road
Danbury CT 06810-5113

Printed in USA
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Appendix B
Operator Interface and Equipment Configuration

APPENDIX B
APT PulseOx 1000TM In-Situ Chemical Oxidation System
SN-1029
Operator Interface Description and Configuration Procedure
After power-up, the Operator Interface Terminal (OIT) located on the PLC panel will
display the Main Screen. This screen has a combination of menu items and equipment
status.
On the Main Screen:
F1 will start the system – When in the Shutdown or Off mode, pressing this
button will start the system.
F2 will stop the system – When in the Starting or Run mode, pressing this button
will stop the system.
F3 is not used
F4 will bring up the Configuration Screen – This screen is password protected and
is where selection of equipment and injection recipes is entered. See “Configuration
Procedure” below for further details.
F5 will bring up the Fault Screen – In the event of a shutdown condition, pressing
this button will eliminate the shutdown banner from the screen. When back to the main
screen, pressing F5 again will give the Fault Screen, which will display the offending
fault. While on the Fault Screen, pressing the F5 button will reset the fault condition.
After reset, press F3 to return to the Main Screen.
F6 will bring up the Run Time Logging Screen – This screen is password
protected. The cumulative run time for major components and valves (in hours) can be
viewed from this screen.
F7 will bring up the Fault Timer Screen – This screen is used to set first stage (A)
and second stage (B) start-up timers, shutdown (C) timer, fault delay (Z) timer, as well as
drain valve times and intervals.
F8 will bring up the Oxygen Power Screen – This screen is used to set the power
signal to the ozone generator.
Also on the main screen there are several indicators; Operating Mode (Off, Starting, Run,
or Shutdown), Current Step (1 through 10), and injection valve state (where 0=off and
1=on).

General Use of Keypad:
There is usually a few second delay from the time a button is pressed and the plc
recognizes the entry, or a value is entered until the display will reflect the change.
When entering a value, place the cursor in front of the value box by using left and right
arrows, enter the value, then press enter.
Configuration Procedure:
This screen is used to determine what equipment will be utilized and what time/valve
combinations are to be used.
Equipment Selection – The first configuration screen is the Pump Control Setup
screen. On this screen several of the function (F) buttons act as toggle switches:
F3 will toggle P-801 “on” or “off”
F5 will toggle X-401A “on” or “off”
F6 will toggle X-401B “on” or “off”
F7 is not used on this screen
F4 and F8 can be used on all the configuration screens to move to the last and
next configuration screen
If P-801 is “on” then also enter a value for “% Signal” and “Ramp Time”.
The % signal is the output signal per H2O2 injection valve. If % signal is set at
25%, for every valve that is actuated in a step, the pump flow will increment by 25%
(Example, if 3 valves are on the pump will operate at 75% of full flow). NOTE – review
the recipes and be sure that the pump will not operate over 100% in any step.
Ramp time is usually set at 5 seconds.
On the Pump Control Setup screen, there is no way to get directly back to the
Main screen. To get back to the Main screen, press F8 to go the next screen, then F3 to
get back to the main screen.
Recipe Selection - From the Pump Control Setup screen, press F8 to proceed to
the Step Duration screen. On this screen the length of each step of the recipe is defined,
as well as the last step of the recipe.
Use the left/right arrows to place the cursor in front of the “Last Step” box. This
value will define where the recipe begins to repeat itself. For instance, if the last step is
designated as 7, the program will sequence through steps 1 through 7, and at the end of
step 7 the program will revert to step 1 and continue.

Next move the cursor to step 1 and enter the duration (in minutes) of that step, up
to 999 minutes, then press enter. Repeat for all active steps. It is not necessary to enter
any values for steps higher than the “Last Step”, as these values will be ignored.
When all step durations are defined, the valve selections for each step must be
entered. Press F8 from the Step Duration screen to get to the Air Valve Control screen.
On this screen the PLC code for the injection air valve selections are made.
The PLC code for the valves are as follows:
Valve number
1
2
3
4
5
6
7
8
9
10

PLC Code
1
2
4
8
16
32
64
128
256
512

To designate a single valve to be actuated in a step, simply enter the “PLC Code”
in the table above for that step (for example, to designate valve 5, enter the PLC Code of
16). To designate multiple valves, enter the sum of the PLC Codes of the valves to be
entered (for example, to open valves 2, 5, and 9, enter the PLC Code of 2+16+256=274)
Enter PLC Codes for all steps up to and including the “Last Step”. It is not
necessary to enter PLC Codes for steps above the “Last Step”, as they will be ignored.
When all Air Valve PLC Codes have been entered, press F8 to get to the Ozone
Valve Controls screen, and repeat the procedure for recipe entry. Press F8 again to get to
the H2O2 Valve Controls screen.
When all recipe data has been entered, press F3 to get to the Main Screen.
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Startup Procedure

APPENDIX C
APT PulseOx 1000TM In-Situ Chemical Oxidation System
SN-1029
Start-up Procedure
Refer to dwg J-1029-P-401 sheets 1 and 2
1) Power up the APT system – Note that PLC may take several moments to
initialize.
2) Ensure proper connections for fluid transfer lines at bulkhead.
3) Check supply of H2O2 in T-800
4) Verify that manual switches are as follows
a. Chiller (CH-500) “on”
b. Compressor (C-200) “on”
c. Air Drier (AD-203) “on”
d. PSA (X-300) “on” and “auto”
e. Ozone Generator (X-401a) breakers “on”, local/remote “remote”, and
on/off/rst to “off/rst”
5) Turn the inlet and discharge fan switches, located on the plc panel front “on”.
6) Configure the system to as needed via the Operator Interface Terminal (OIT) on
the PLC panel front – see “APT In-Situ Chemical Oxidation System Process
Configuration Procedure”
7) Via the OIT, press F1 to start the system. The system will go through a two-stage
start-up procedure as follows:
a. First Stage - The oxygen generation system (C-200, AD-203 and X-300)
will start up immediately
b. The Chiller (CH-500) will start up immediately
c. If selected, the hydrogen peroxide pump (P-801) will start up immediately
d. The ozone destruct fan (F-600) will start up immediately. Positive
feedback from the destruct system flow switch (FSL- 601) is required to
continue to the second stage start-up
e. Step 1 injection valves will open
f. If oxygen pressure is in excess of 20 psig after 3 minutes of first-stage
start-up, the system will enter the second stage of start-up. If oxygen
pressure is less than 20 psig, the first stage start-up will require 15
minutes.
g. Second Stage – After successful completion of stage 1, the ozone
generator (X-401a) will be enabled and ramp up to the power set point
h. The second stage start up will last five minutes. At the end of the second
stage, the system will go into the Run mode.
8) In the run mode, the system will monitor all critical parameters while
simultaneously performing the step operations / injections. The system will run
indefinitely, repeating injection steps until either the operator stops the system or
there is a shutdown caused by an interlock.

9) To stop the system, go to the main screen of the OIT and press F2. The
oxygen/ozone generation system, injection air system, and the hydrogen peroxide
system will stop immediately. The chiller will operate for another 5 minutes, in
order to remove all heat from the ozone generator.
10) EMERGENCY STOP – In the event of an emergency condition, press the red
“Emergency Stop” button on the lower left corner of the PLC panel. All
equipment, including the chiller, will stop immediately.

PulseOx 1000TM Owner’s Manual
Revision 1 June 30 2003

Appendix D
Drawings

PulseOx 1000TM Owner’s Manual
Revision 1 June 30 2003

Appendix E
Vendor Data

PulseOx 1000TM Owner’s Manual
Revision 1 June 30 2003

Appendix F
Logsheets

y/n color y/n
%
%
%
scfh
psig
psig
psig
psig
psig
psig
psig deg C psig psig

Water Press (PI-505)

Water Press (PI 503)

Water Press (PI 501)

CH-500 Temp (display)

H2O2 Press (PI 803)

H2O2 Press (PI 802)

Inj. Air Press (PI 705)

Inj. Air Press (PI 704)

O3 Press (PI 403)

O3 Press (PI 402)

O2 Press (PI 401)

O2 Flow (FI 303)

O2 Pressure (PI-302)

Ozone Gen Power, X-401B

Ozone Gen Power, X-401A

P-801 % signal

P-801 ON?

AD-203 Visual

AD-203 On?

C-200 hrs (machine)

X-401A hrs (PLC)

P-801 hrs (PLC)

Initials

Time

Date

Appendix F

J1029 In-Situ Chemical Oxidation System Weekly Equipment Log Sheet

psig

APPENDIX F
RECIPE LOGSHEET
Last
Date Time Initials Step

Last
Date Time Initials Step

Last
Date Time Initials Step

Last
Date Time Initials Step

Last
Date Time Initials Step

1

2

STEP DURATIONS (minutes)
3
4
5
6
7

8

9

10

1

2

3

INJ. AIR VALVE CODES
4
5
6
7

8

9

10

1

2

3

OZONE VALVE CODES
4
5
6
7

8

9

10

1

2

3

H2O2 VALVE CODES
4
5
6
7

8

9

10

1

2

STEP DURATIONS (minutes)
3
4
5
6
7

8

9

10

1

2

3

INJ. AIR VALVE CODES
4
5
6
7

8

9

10

1

2

3

OZONE VALVE CODES
4
5
6
7

8

9

10

1

2

3

H2O2 VALVE CODES
4
5
6
7

8

9

10

1

2

STEP DURATIONS (minutes)
3
4
5
6
7

8

9

10

1

2

3

INJ. AIR VALVE CODES
4
5
6
7

8

9

10

1

2

3

OZONE VALVE CODES
4
5
6
7

8

9

10

1

2

3

H2O2 VALVE CODES
4
5
6
7

8

9

10

1

2

STEP DURATIONS (minutes)
3
4
5
6
7

8

9

10

1

2

3

INJ. AIR VALVE CODES
4
5
6
7

8

9

10

1

2

3

OZONE VALVE CODES
4
5
6
7

8

9

10

1

2

3

H2O2 VALVE CODES
4
5
6
7

8

9

10

1

2

STEP DURATIONS (minutes)
3
4
5
6
7

8

9

10

1

2

3

INJ. AIR VALVE CODES
4
5
6
7

8

9

10

1

2

3

OZONE VALVE CODES
4
5
6
7

8

9

10

1

2

3

H2O2 VALVE CODES
4
5
6
7

8

9

10

