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INTRODUCTION

Compressed and liquefied gases have the potentia for creeting hazardous working
environments. This Gas Cylinder Safety Guideine contains information on the proper storage,
handling, use and disposd of compressed and liquefied gas cylinders. Mogt of the information is
genera and gppliesto al compressed and liquefied gases. Specific information for selected
hazard classes is contained in Section VI titled “ Gases with Specific Hazards.”

PURPOSE AND SCOPE

Compressed and liquefied gases are routingly used in laboratory and
various other operations at 1ISU. This Gas Cylinder Safety

Guiddine gppliesto dl 1SU employees who use or otherwise handle [
compressed or liquefied gases or systems that use compressed or
liquefied gases. Itistheintent of this guiddine to provide

information on the safe usage of compressed and liquefied gases at (
ISU and afford employee protection from potential health and -

physica hazards associated with gas and cylinder usage. 1SU promotes the safe use of gases
by offering training and information on the proper storage, handling, usage and disposa of gases
and gas cylinders.

Only trained and qudified personnd shdl be dlowed to use compressed and liquefied gases.
Traning should include the associated hazards of the materids, necessary safety precautions,
persond protective equipment (PPE) and emergency response procedures. Appropriate
materid safety data sheets (MSDS's), associated “ Safetygrams™,” or other gas supplier
product information shall be made accessible to compressed gas users. Additiona information
is available via compressed gas cylinder safety training. Contact ISU EH& S (4-5359) or Ames
Laboratory ESH& A (4-2153) for information on the next scheduled class.

STORAGE OF COMPRESSED AND LIQUEFIED GAS

Proper storageis critical for the safe usage of compressed and
liquefied gases. Cylinder storage areas should be prominently
posted with hazard information regarding the gases stored. The
NFPA 704 diamond with a cylinder indicated in the “ specific
hazard” (white) section of the diamond and the corresponding




flammability, hedth and reactivity hazard sections dso marked is an accepted method of
sgnage. Other storage requirements are outlined below:

Storage Requirements

All gas cylinders

Shall not be stored in exits or egress routes.
Shdll be stored within awell-ventilated area.
Shall not be stored in damp areas, near sdt or corrosive chemicass, fumes, heat or where
exposed to the weather.
Shdl be stored in an upright position.
Shal be secured with achain or appropriate belt above the midpoint, but below the

shoulder. Laboratory cylinders less than 18" tal may be secured by approved stands or

wall brackets.

Shdl be capped when not in use or attached to a system (if the cylinder will accept a cap).
Shdl be kept a least 20 ft. away from dl flammable, combustible or incompatible
substances. Storage areas that have anoncombustible wall & least 5 ft. in height and with a
fire resstance rating of at least 30 minutes may be used to segregate gases of different
hazard classes in close proximity to each other.
Shall be stored so that cylinders are used in the order in which they are received.

Shall be stored so that gases with the same hazard class are stored in the same area. Inert
gases are compatible with all other gases and may be stored together.
Shall not be stored longer than one year without use.

Shdl be stored so that full cylinders remain separate from empty cylinders.

Storage Quantity and Volume

The maximum alowed usage and storage of flammable or toxic compressed gases within a
laboratory work area are defined below in Table 1.

TABLE 1

Maximum Expanded Volume Quantity (ft%) Limitations For Flammable or Toxic Compressed or

Liquefied Gas Cylinders In Laboratoriest

1)+

Ventilated Enclosure Ventilated Enclosure No Ventilated No Ventilated
Sprinklered Room Non-Sprinklered Room Enclosure Enclosure
Sprinklered Room Non-Sprinklered

Room
Highly Toxic® 40 20 No No
Toxic® 1620 810 No® No®
Flammable® 3000 1500 1500 750

Notes:

(1) Consult manufacturer or local safety office for expanded volume data for various sized cylinders.
(2) Appendix C: Any material with a Health rating of 4.
(3) Appendix C: Any material with a Health rating of 3.
(4) Appendix C: Any material with a“y” in the flammability column (for materials classified as both flammable and toxic, defer to

the toxic

limitations).

(5) Use of small quantities (i.e., lecture bottles - 2" X 13") / dilute concentration gases in non-ventilated enclosures must be eval uated
and approved by ISU EH& S or Ames Lab ESH&A.
* 1994 Uniform Building Code and 1994 Uniform Fire Code




COMPRESSED AND LIQUEFIED GAS HANDLING

The following requirements shal apply to the handling of gas cylinders:

Compressed gases shdl be handled only by properly trained persons. Training must include
the contents of this guideline as well as any specific information relevant to the gas being
used and emergency information outlined in 1SU’s Chemicd Hygiene Plan, available a 1SU
EH& S or Ames Laboratory ESH&A.

Safety shoes are required when moving cylinders. I -
Cylinders should not be dragged or physicaly carried. :‘m
Transport cylinders with a handtruck designed for the S
transport of cylinders. Cylinder cgps shdl be secured during TOXIC

transport. ~ VAPORS

AN /

Prevent damageto cylinders. Locate cylinders wherethey will - -
be protected from physical damage by triking or falling objects, corrosion or damage from
public tampering.

No person other than the gas supplier shdl attempt to mix gasesin acylinder.

Cylinders shall not be subjected to artificidly crested low temperatures without approva
from the supplier.

Containers shal not be used for any other purpose than holding the contents as received.
Damaged or leaking cylinders must be reported to EH& S or local sefety office immediady
for proper disposa. See disposa information on page 8.

Cylinders shdl not be picked up by the cap.

Ropes, chains and dings shall not be used to suspend cylinders, unless cylinder was
designed for such.

Magnets shdl not be used for lifting cylinders.

Where appropriate lifting attachments have not been provided on the cylinder/container,
suitable cradles or platforms to hold the containers shal be used for lifting.

The user shdl not paint cylinders.

Lesking, defective, fire burned and corroded containers shall not be shipped without the
approva of the supplier.

Seereferencesin Appendix A.

COMPRESSED AND LIQUEFIED GAS USE

Listed below are generd “good practice’” guiddines to follow when using gas cylinders and
compressed gases.

General Requirements

Ensure that regulator pressure control vaveisrdieved (i.e, closed) before attaching to
tanks.



Close vaves on gas cylinders when a sysem is not in use.

Remove dl pressure from regulators not currently used (by opening equipment valves
downstream after the regulators are closed).

Shut-off valves must not be ingtalled between pressure relief devices and the equipment they
are to protect.

Use pressure relief vavesin downstream lines to prevent high pressure buildup in the event
that a regulator vave does not seet properly and atank vaveisleft on.

Rdief vaves should be vented to prevent potential buildup of explosive or toxic gases.
Never dlow flames or concentrated heat sources to come in contact with a gas cylinder.
Never dlow agas cylinder to become part of an eectricd circuit.

Never partialy open atank valve to remove dust or debris from the cylinder inlet.

Never use cylinder gas as compressed air.

Presaurize regulators dowly and ensure that valve outlets and regulators are pointed away
from al personne when cylinder valves are opened.

Cylinders which require awrench to open the main vave shdl have the wrench left in place
on the cylinder valve whileit is open. Use adequately Szed wrenches (12” long) to minimize
ergonomic stress when turning tight tank valves. Never apply excessive force when trying to
open valves. Cylinders with“stuck” valves should be returned to suppliersto have vaves
repaired.

Do not attempt to open a corroded vave; it may be impossble to resedl.

Vaves should only be opened to the point where gas can flow into the system at the
necessary pressure. This will alow for quicker shutoff in the event of afailure or
emergency.

Use acylinder cap hook to loosen tight cylinder caps. Never gpply excessive force or pry
off caps. Return to supplier to remove “stuck” caps.

Keep piping, regulators and other apparatus gas tight to prevent gas leakage.

Confirm gas tightness by using compatible leak test solutions (e.g., Soap and water) or lesk
test instruments.

Release pressure from systems before connections are tightened or loosened and before
any repairs.

Do not use TeflonO tape on CGA fittings (straight thread) where the sedl is made by
metal-to-metal contact. Use of Teflond tape causes the threads to spread and weaken,
increasing the likeihood of legks.

Never use adapters or exchange fittings between tanks and regulators.

Fluorescent light can be used to check for grease or ail in regulators and valves.

Labding
The following labding requirements shdl apply to dl gas cylinders

Know the contents of each cylinder you are using.

Use only the vendor labd for positive identification of contents of the cylinder. Be aware
that color coding may be inconsistent from vendor to vendor.



Mixed gases shdl be dearly Iabeled with the contents of the cylinder.
Empty cylinders shdl be labeled with the word empty or the abbreviation MT.

Preferred labeling includes the identity of the materid, statement of hazard and the associated
sgna word. For example, the preferred labd for nitrogen would be:

Nitrogen
CAUTION: HIGH PRESSURE GAS
CAN CAUSE RAPID SUFFOCATION

Excelent sources of information for the warning and hazard information that should be contained
on cylinders are the Air Products, Matheson and other gas company catalogs, the CGA
Pamphlet C-7: "Precautionary Labding and Marking of Compressed Gas Cylinders,” aswell as
the manufacturer or digtributor of the gas. Consult ISU EH& S or Ames Laboratory ESH& A
for availahility of reference information.

Manifolds, Valves and Regulators

The following information applies to the use of manifolds, vaves and/or regulators.

Where compressed gas containers are connected to a manifold, the manifold and its related
equipment, such as regulators, shall be of proper design for the product(s) they areto
contain at the appropriate temperatures, pressures and flows.

Use only approved vaves, regulators, manifolds, piping and other associated equipment in
any system that requires compressed gas. Care must be taken to ensure that pressure
gauges on regulators are correct for the pressure of the gas cylinder used. With the
exception of lecture bottles, threads, configurations and vave outlets are different for each
class of gasesto prevent mixing of incompatible gases.

CGA Pamphlet V-1: Standard for Compressed Gas Cylinder Valves, lists the appropriate
vave for each gas. Manufacturers and distributors should aso be able to identify the valves
and associated equipment required for each gas.

L ecture bottles use universa threads and valves, some of which are interchangeable. Labe
al associated equipment with the gas name to prevent unintentional mixing of incompetible
materids.

Vaves and regulators should undergo periodic maintenance and repair. A visua ingpection
should be performed before each usage to detect any damage, cracks, corrosion or other
defects. Long term maintenance or replacement periods vary with the types of gases used,
the length of use, and conditions of usage. Consult the cylinder, regulator or gas supplier for
recommended vave and regulator maintenance schedules.

Vaves and regulator maintenance histories should be known before usage. Vaves that pass
visud inspection are il subject to failure, therefore it is critical that toxic or poisonous
gases (see Appendix C) are used in ventilated enclosures and have locd exhaudt ventilation
in place for downstream pressure relief valves, etc.



VI.

= Vavesand regulators should only be repaired by qudified individuas. Vave and regulator
manufacturers, gas supply companies, or valve and regulator speciaty shops shoud be
consulted for any repair needs.

GASES WITH SPECIFIC HAZARD CLASSES

The following information regarding specific classes of gasesis offered as additiond guidance to
be used in conjunction with the generd usage requirements listed in Section V.

Corrosive Gases

The following information is provided for corrosve gases. Examplesinclude chlorine, hydrogen
chloride, fluorine, hydrogen fluoride, hydrogen sulfide, carbon monoxide and carbon dioxide.

= Metds become brittle when used in corrosive gas service, check equipment and lines
frequently for lesks.

= A digphragm gauge should be used with corrosive gases that would destroy a stedl or
bronze gauge. Check with gas supplier for recommended equipment.

* Removeregulaors after use and flush with dry ar or nitrogen.

Cryogenic Liquidsand Gases

Cryogenic liquids and their bail-off vapors rapidly freeze human tissue and cause embrittlement
of many common materias which may crack or fracture under sress. All cryogenic liquids
produce large volumes of gas when they vaporize (at ratios of 600:1 to 1440:1, gasliquid) and
may creste oxygendeficient conditions. Examples of common cryogenic liquids include liquid
oxygen, hydrogen, helium, and liquid neon. The following information applies to the use and
handling of cryogenics
= Use appropriate persond protective equipment (PPE) including - ~
insulated gloves and eye protection (goggles and aface shield)
during any transgfer of cryogenic liquid.

= Inthe event of skin contact with a cryogenic liquid, do not rub GOGGLES
skin, place the affected part of the body in awarm water bath . REQUIRED
(not to exceed 40°C [105°F]). - -

= Useonly equipment, vaves and containers designed for the intended product and service
pressure and temperature.

= |Ingpect containers for loss of insulating vacuum. If the outside jacket on acontainer is cold
or has frogt spots, some vacuum has been lost. Empty the contents into another cryogenic
container and remove the damaged unit from service. Repairs should be made by the
manufacturer or an authorized company.

=  Transfer operaionsinvolving open cryogenic containers such as dewars must be conducted
dowly to minimize boiling and splashing of the cryogenic fluid.

= |ceor other foreign matter should not be alowed to accumulate benesth the vaporizer or
the tank. Excessveice buildup could result in the discharge of excessively cold gas or
sructura damage to the cryogenic container or surroundings.

I



All cryogenic systems including piping must be equipped with pressure relief devicesto
prevent excessive pressure build-up. Pressure reliefs must be directed to a safe location.
Do not tamper with pressure relief valves or the sattings for the valves.

Hot air, steam or hot water should be used to thaw frozen equipment. DO NOT USE
water to thaw liquid helium equipment.

Flammable Gases

Thefollowing information gpplies to the use and handling of flammakble gases (see Appendix C).
Some common examples of flammable gases include acetylene, hydrogen, methane, propane
and iso-butane.

Flammable gases, except for protected fuel gases, shdl not
be used near ignition sources. Ignition sources include open
flames and sparks, sources of hest, oxidizing agents and
ungrounded or nort+intringcaly safe dectrical or eectronic
equipment.

Portable fire extinguishers shal be available for fire
emergencies. The fire extinguisher must be compatible with
the apparatus and the materidsin use.

Flames shdl not be used for detecting leaks. A compatible lesk detection solution shdl be
used for lesk detection.

Spark proof tools shall be used when working with or on a flammable compressed gas
cylinder or system.

Access doors to areas which use or store flammable gases shall be posted "No Open
Flames."

Manifold systems shdl be designed and congtructed by competent personnel who are
thoroughly familiar with the requirements for piping of flammable gases. Manifolds should
comply with the standards of a recognized safety authority such as Underwriters
Laboratories, Inc. Federd, state, local or insurance company specifications must be
identified before starting design and congtruction. Consultation with the gas supplier before
ingdlation of manifolds is recommended.

Fuel, High Pressure and Oxidizing Gases

The following information gpplies to the use and handling of fud, high pressure and oxidizing
gases.

Fud gases often use a combination of flammable and oxidizing gases. Use of fud gases
must comply with OSHA 29 CFR1910.253--OxygenFud Gas Welding and Cutting, 29
CFR1910.102--Acetylene and 29 CFR1910.103--Hydrogen. Additionaly, adherenceto
the requirements of the Compressed Gas Association as defined in Pamphlet G-1:
Acetylene, Pamphlet SB-8: Use of Oxy-fud Gas We ding and Cutting Apparatus, and the
requirements of the National Fire Protection Association Standard 51: Standard for the
Desgn and Ingdlation of OxygenFud Gas Systems for Welding, Cutting and Allied
Processesis required.



VII.

High pressure gases can be rated up to 3000 pounds per square inch (ps). Typical uses
include MIG welding gas mixtures, cryogenics, norttoxic gas distribution, medica gas
digtribution, and emergency oxygen services. In addition to any gas specific hazards, high

pressure gases should carry the following hazard labd :

CAUTION: HIGH PRESSURE GAS

Oxidizing gases are non-flammable gases (e.g., oxygen chlorine,
fluorine and nitrous oxide), but in the presence of an ignition
source and fudl can support and vigoroudy accelerate
combustion. Do not use ail in any gpparatus where oxygen will
be used. Gauges and regulators for oxygen shdl bear the
warning “OXYGEN - USE NO OIL.”

Toxic and Highly Toxic Gases

The following information applies to the use of toxic and highly toxic
gases listed in Appendix C:

All gaseswith aNFPA Hedth Hazard rating of 3 or 4 mugt be
stored and used in accordance with the provisions of Table 1.
Unless otherwise indicated, dl gases must be storedin a
continuoudy mechanicaly ventilated gas cabinet, fume hood or
other enclosure,

Smadl quantities (e.g., lecture cylinders) or dilute concentrations
of these gases may be stored outside of a ventilated enclosure
with the approva of 1ISU EH& S or Ames Laboratory ESH& A.

OXIDIZER

FOISON
GAS

Audible darms should be utilized in ventilated hoods thet are dedicated to toxic gas usage

or storage.

Standard Operating Procedures (SOP's) for processes or procedures which use
corrosive, toxic or highly toxic gases shdl be developed that include emergency response
actions. All affected employees shdl be trained on the contents of these procedures.

GAS CYLINDER DISPOSAL

The following information gpplies to the disposal of compressed gas cylinders:

If possible, purchase compressed gas only from manufacturers that will agree to take back

the empty cylinder.

A cylinder is considered empty when the container pressure is at atmospheric pressure.
Refillable cylinders should be returned to Chemigtry Stores, materials handling personnel or

directly to the vendor.
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If arefillable cylinder is encountered that does not have a manufacturer |abel, contact
Chemigtry Stores or materids handling personnd to see if they can identify the manufacturer
through stamp marks on the cylinder.

Empty lecture-size cylinders may be given to EH& S or the loca safety office for proper
disposal.

Maintain manufacturer labels and labd the cylinder with an “Empty” or “MT” tag.

EH& S or materias handling personnd should be contacted for disposd of partidly full
cylinders.

Proper identification of the contents of dl cylindersis required and is the responsbility of the
cylinder owner.

Disposa fees for unknown cylindersis a departmenta expense.

HANDLING COMPRESSED GAS CYLINDER LEAKS AND EMERGENCIES

Preplanning

Despite drict adherence to laboratory safety practices, accidents involving gases may occur in
the laboratory. The amount of damage sustained by personnel and property from these
accidents will be directly related to the quadity of the laboratory's emergency plan and
procedures. Users of compressed gas cylinders must be familiar with necessary safety
precautions. Standard Operating Procedures (SOPs) for experiments using compressed gases
shdl include a discussion of possible accident scenarios, appropriate employee responses and
should take into account the following factors:

The nature of the operation (e.g., experimenta design, equipment used and type of injury
thet might be inflicted).

The potentid location of arelease or spill (e.g., outdoors versusindoors, in alaboratory,
corridor or storage area, on atable, in ahood or on the floor).

The quantities of materia that might be released and the type of containment (i.e,
compressed gas tank sze, manifold systems, etc.).

The chemica and physical properties of the compressed gas (e.g., its physica state, vapor
pressure and air or water reactivity).

The hazardous properties of the compressed gas (e.g., its toxicity, corrosivity and
flammeahbility).

The availability and locations of emergency supplies and equipment.

A contingency plan which identifies building evacuation routes, emergency telephone
numbers, chemica containment procedures, fire extinguisher usage, etc., should be posted
inthelab.



Minor Leaks

Occasionally agas cylinder or one of its component parts may develop alesk. Mogt of these
leaks occur at the top of the cylinder in areas such as the valve threads, pressure safety device,
vave gem and vave outlet. The following information applies to the remediation of minor legks:

» |f possible, verify suspected lesks using a flammable gas detector or soapy water solution (a
flame should not be used for detection). 1 the leak cannot be stopped by tightening a
valve gland or packing nut, emergency action procedures should beinitiated and
ISU EH& Sor AmesLaboratory ESH& A should be notified.

= For flanmable, inert or oxidizing gases, move the cylinder to an isolated, well-ventilated
area (eg., within afume hood) away from combustible materials. Post signs that describe
the hazard.

= For corrogve and toxic gases, move the cylinder to an isolated, well-ventilated area (e.g.,
within afume hood) and use suitable means to direct the gasinto an gppropriate chemica
neutrdizer. Post Sgnsthat describe the hazards.

= |f it isnecessary to move alesking cylinder through populated portions of the building, place
aplastic bag, rubber shroud or smilar device over the top and tape it (duct tape preferred)
to the cylinder to confine the leaking gas.

Major Leaks

In the event of alarge gas release or if an accident takes place in which readily available
personal protective equipment (PPE) isinadequate to ensure worker safety, activate the
following Emer gency Procedures:

=  Immediately call 911 and report the incident.

= Activate building and areafire darms (or chemicd safety darmsif gpplicable).

» Evacuate the area, securing entrances and providing assistance to others on the way out.

* Provide emergency response officids with details of the problem upon their arrivd. The
Ames Fire Department will respond to al chemica emergencies at 1SU.

Accidents Involving Personné Injury

= For medica emergencies, cal 911.
»  Assg pearsonsinvolved and administer immediate first aid which may indude:
= Washing under a safety shower (in case of burning clothing or chemical exposures).
= Removing contaminated clothing.
= Irrigating the eyes a an eyewash.
= Adminigering atificia respiration.
= Notify personnd in adjacent areas of any potential hazards (e.g., activate building or area
dams).
= Moveinjured personne only if necessary to prevent their exposure to further harm.
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Fireand Fire-Related Emergencies

For all fires,immediately call 911. Smal isolated fires within the laboratory may be
extinguished using the appropriate portable fire extinguisher if 1ab personnd are confident that
they can safdy extinguish thefire. Additiona information on fire extinguisher useis contained in
the ISU Fire and Emergency Guiddines. Copies are avalable from ISU EH& S or Ames
Laboratory ESH&A.

For large or rapidly spreading fires, the following procedures should be followed:

Call 911 to report the fire.

Activate building and areadarms.

Evacuate the building, shutting doors and providing assistance to others on the way out.
Provide fire or police officids with the details of the problem upon their arrival.

11
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APPENDIX B

Definitions

Absolute Pressure: Based on a zero pressure reference point, the perfect vacuum. Measured from this
point, standard atmospheric pressure at sealevd is 14.7 pounds per square inch (ps) or 101.325 kilo
Pascds (kPa). Thisisusualy expressed as psawhere the 'd indicates an absol ute measurement or
kPa.

Asphyxiant Gas. Any norttoxic gas which displaces atmospheric oxygen below limits required to
support life. These gases are usudly colorless, odorless and tasteless and include, nitrogen, argon and
hdium.

Compressed Gas:. A compressed gasis any gas which when enclosed in a container gives.

= an absolute pressure reading greater than 276 kPa (40 psl) at 21°C (70°F) or

= an absolute pressure greater than 717 kPa (104 ps) at 54°C (129.2°F) or

= any flammable liquid having a vapor pressure greater than 276 kPa (40 ps) at 38°C (100.4°F).

Compressed Gas Cylinder: A compressed gas cylinder is any metal cylinder of the type approved by
the U.S. Department of Trangportation (DOT) for storage and trangportation of gases under pressure,
including liquefied gases. Metd cylinders are the only approved DOT packaging for compressed gases.

Corrosive Gas. A gasthat in contact with living tissue causes destruction of the tissue by chemica
action.

Cryogenic Liquid: A liquid with anormd bailing point below -150°C (-238°F).

Cryogenic Liquid Cylinder: Pressurized container designed and fabricated to hold cryogenic fluids.
There are three common types of liquid cylinders. gas digpensing; liquid dispensing; or gas and liquid
digoensing.

Cylinder Vave: A mechanica device attached to a compressed gas cylinder that permits flow into or
out of the cylinder when the deviceisin the open postion and prevents flow when in the closed position.

Dewar: |san open-mouthed, non-pressurized, vacuum-jacketed container used to hold cryogenic
fluids.

Hammable Gas. A substance that meets the definition of a compressed gas which:

= isflanmablein amixture of 13% or less (by volume) with air, or

= hasaflammable range with air wider than 12%, at atmospheric temperature and pressure,
regardiess of the lower limit.

Gauge Pressure: The pressure above or below atmospheric pressure. Therefore absolute pressure
minus loca atmospheric pressure equas gauge pressure and is usualy abbreviated as psig or kPa.




Handling: Moving, connecting or disconnecting a compressed or liquefied gas container under normal
conditions of use.

Highly Toxic Gas A compressed gas that has amedian letha concentration (LCsp) inar of £ 200 ppm.
A NFPA Hedth Hazard reting of 4 is given to gases having an LCs inar £ 1000 ppm. An example of
ahighly toxic gasisfluorinewith aLCs, of 185 ppm. See Appendices C and D.

High Pressure Gas. A gasin acontainer that has a pressure of 3448 kPa (500 psig) or higher at
21.1°C (70°F).

Inert Gas. A gaswhich ischemicdly inactive.

Liquefied Gas. A fluid within a pressurized container, other than in solution, which exigts both as aliquid
and gas at 20°C (68°F). Examplesinclude propane, butane, ammonia, carbon dioxide, and sulfur
dioxide.

Manifold: A gas digtribution system which transfers product through multiple outlets/inlets to or from
compressed gas containers.

Nonflammable Gas. A gas which, within the packaging, exerts an absolute pressure of 280 kPa (40
ps) or greater at 20°C (68°F) but is not a flammable gas as defined previoudy.

Oxidizing Gas A gasthat can support and accelerate combustion of other materials.
Poison Gas. Defined by DOT in 49 CFR 173.133. Seetoxic gas.

Pressure Regulator: A mechanica device used to safely control the discharge pressure of a compressed
gas from a container.

Pressure Relief Device: A pressure and/or temperature activated device used to prevent the pressure
from rising above a predetermined maximum and thereby prevent rupture of a pressurized container.

Pyrophoric Gas. A gasthat will spontaneoudy ignitein air a or below 54.4°C (130°F). Examples
include slane and phosphine.

SCE: One standard cubic foot of gasat 21°C (70°F) and 101.325 kPa (14.696 psia).

Storage: Holding of gas, in its packaging, either on atemporary basis or for an extended period in such
amanner asto not condtitute usage of the gas.

Toxic Gas. A gas having a Hedth Hazard of 3 or 4 as defined in NFPA 704, Sandard System for the
| dentification of the Fire Hazards of Materials. See Appendices C and D.



APPENDIX C

COMMON COMPRESSED AND LIQUEFIED GASES WHICH

Gas

Acetylene

Allene (propadiene)

Ammonia

Arsine

Boron Trichloride

Boron Trifluoride

1,3-Butadiene

n-Butane

iso-Butane

1-Butene

2-Butene

Carbon Monoxide

Carbonyl Chloride
(phosgene)

Carbonyl Fluoride

Carbonyl Sulfide

Chlorine

Chlorine Dioxide

Chlorine Monoxide

Chlorine Trifluoride

1-Chloro-1,1-difluoroethane

Chlorotrifluoroethylene
Cyanogen

Cyanogen Chloride
Cyclobutane
Cyclopropane
Deuterium
Diazomethane
Diborane

1,1-Difluoroethane
1,1-Difluoroethylene
Dimethylamine
Dimethyl Ether
2,2-Dimethylpropane
Ethane
Ethylacetylene
Ethylamine

Ethyl Chloride
Ethylene

Ethylene Oxide
Fluorine
Formaldehyde
Germane
Hexafluoroacetone
Hydrogen

Hydrogen Bromide
Hydrogen Chloride
Hydrogen Cyanide
Hydrogen Fluoride

State

Hammable

Health

gas
liquid
liquid
liquid
gas
gas
liquid
liquid
liquid
liquid
liquid
gas
gas

gas
liquid
gas
gas
gas
gas
liquid
liquid
liquid
liquid
gas
liquid
gas
gas
gas

liquid
liquid
gas
liquid
liquid
gas
liquid
liquid
liquid
gas
liquid
gas
gas
gas
gas
gas
gas
gas
liquid
gas
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Gas

Hydrogen Selenide
Hydrogen Sulfide
Ketene

Methane

Methylacetylene (propyne)

Methylamine
Methylbromide
3-Methyl-1-butene
Methyl Chloride
Methyl Ether
Methyl Fluoride
Methyl Mercaptan
2-Methylpropene
Natural Gas

Nitric Oxide
Nitrogen Dioxide
Nitrogen Trioxide
Nitrogen Trifluoride
Nitrosyl Chloride
Oxygen Difluoride
Ozone
Pentaborane

iso-Pentane
Phosphine

Propane

Propylene

Selenium Hexafluoride
Silane

Silicon Tetrafluoride
Stibine
Sulfur Tetrafluoride
Sulfuryl Fluoride
Tetrafluoroethylene,
monomer
Tetrafluorohydrazine
Trimethylamine
Vinyl Bromide
Vinyl Chloride
Vinyl Fluoride
Vinyl Methyl Ether

ARE FLAMMABLE OR TOXIC (HEALTH 3 OR 4)

State

Hammable

Health

liquid
liquid
gas
gas
liquid
liquid
liquid
liquid
liquid
gas
liquid
liquid
gas
gas
gas
gas
gas
gas
gas
gas
gas
liquid

liquid
gas

liquid
liquid
gas
gas

gas
gas
gas
gas
liquid

liquid
liquid
liquid
liquid
liquid
liquid
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APPENDIX D

NFPA definition of aHEALTH HAZARD

emergency conditions, would offer no hazard beyond
ordinary combustible materials.

Essentially nonirritating to the respiratory tract, eyes and skin.

toxicity is> 2000 mg/kg.

Materials whose L D5, for acute oral
toxicity is > 2000 mg/kg.

Hazard Exposure LDsg LGCso
4 Health Hazard 4 usually includes: Materialsthat, under M aterials whose L D5, for acute dermal | Gases whose LGs, for acute inhalation toxicity is £ 1000 ppm.
emer gency conditions, can belethal. toxicity is £ 40 mg/kg. L . .
gency y kg Any liquid whose saturated vapor concentration at 20°C is equal to or 10
Materials whose L D5, for acute oral timesits LCs, for acute inhalation toxicity, if its LCsq is £ 1000 ppm.
toxicity £ 5 mg/kg.
Y kg Dusts and mists whose LG5, for acute inhalation toxicity is £ 0.5 mg/L.
3 Health Hazard 3 usually includes: Materialsthat,under Materials whose L D5, for acute dermal | Gases whose LG, for acute inhalation toxicity is > 1000 ppm but £ 3000
emer gency conditions, can cause serious or per manent toxicity is > 40 mg/kg but £ 200 ppm.
injury. mg/kg.
] ) ) ) kg Any liquid whose saturated vapor concentration at 20°C is equal to or greater
Materials that are corrosive to the respiratory tract; Materials that | Materials whose LDs, for acute oral than its L Cs, for acute inhalation toxicity, if its LCs is £ 3000 ppm and that
are corrosive to the eye or cause irreversible corneal opacity; toxicity is > 5 mg/kg but £ 50 mg/kg. | does not meet the criteria for degree of hazard 4.
Materials that are severely irritating and/or corrosive to the skin.
Dusts and mists whose LG5, for acute inhalation toxicity is> 0.5 mg/L but £ 2
mg/L.
2 Health Hazard 2 usually includes: Materialsthat, under Materials whose LDs, for acute dermal | Gases whose LG, for acute inhalation toxicity is > 3000 ppm but £ 5000
emer gency conditions, can cause temporary incapacitation toxicity is > 200 mg/kg but £ 1000 ppm.
or residual injury. mg/kg. o . .
) ) o ) Any liquid whose saturated vapor concentration at 20°C is equal to or greater
Materials that are respiratory irritants; Materials that cause Materials whose L Ds, for acute oral than 1/5 its LGy, for acute inhalation toxicity, if its LCs is £ 5000 ppm and
irritating by reversible injury to the eyes; Materials that are toxicity is > 50 mg/kg but £ 500 that does not meet the criteriafor either degree of hazard 3 or degree of
primary skin irritants or sensitizers. mg/kg. hazard 4.
Dusts and mists whose LG, for acute inhalation toxicity is> 2 mg/L but £ 10
mg/L.
1 Health Hazard 1 usually includes: Materialsthat, under Materials whose LDs, for acute dermal | Gases and vapors whose LG, for acute inhalation toxicity is > 5000 ppm but
emer gency conditions, can cause significant irritation. toxicity is > 1000 mg/kg but £ 2000 £ 10,000 ppm.
. . S . ma/k
Materials that are slightly irritating to the respiratory tract, eyes gxe Dusts and mists whose L C, for acute inhalation toxicity is> 10 mg/L but £
and skin. Materials whose LD, for acute oral 200 mg/L.
toxicity is > 500 mg/kg but £ 2000
mg/kg.
0 Health Hazard 0 usually includes: Materials that, under Materials whose LDs, for acute dermal | Gases and vapors whose LG, for acute inhalation toxicity is > 10,000 ppm.

Dusts and mists whose LG, for acute inhalation toxicity is > 200 mg/L.

LDs, Quantity of toxic material necessary to cause death in 50% of test subjects (usually mouse or rat). Thisvalueis usually associated with a dose received through injection, ingestion or dermal contact and

is quantified by body weight of a specific animal.
LCs, Quantity of toxic material in air which is necessary to cause death in 50% of the test subjects (usually mouse or rat). This value is associated with inhalation risks.




