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ISSUE NO. : 1
MATERIAL GRADE: BUTADIENE
1.  PRODUCT IDENTIFICATION

Product Name: Butadiene
2.  PHYSICAL PROPERTIES 

APPEARANCE

Colourless gas with a mild aromatic odour; Soluble in organic solvents.
PHYSICAL PROPERTIES
Gas.
	Molecular Weight: 54.09 
	Boiling Range (°C): -4.4 

	Melting Range (°C): -113 to -109 
	Specific Gravity (water=1): 0.621 @ 20 C 

	Solubility in water : 735ppm (at 25oC)
	pH (as supplied): Not applicable 

	pH (1% solution): Not applicable. 
	Vapour Pressure (kPa): 245 @ 20 C 

	Volatile Component (%vol): 100 
	Evaporation Rate: Not available 

	Relative Vapour Density (air=1): 1.87 
	Flash Point (°C): -76 

	Lower Explosive Limit (%): 2.0 
	Upper Explosive Limit (%): 11.5 

	Autoignition Temp (°C): 420 
	Decomposition Temp (°C): Not Available 

	State: Compressed gas 
	Viscosity: 0.25cP at 0oC 


3.  HAZARDS IDENTIFICATION

STATEMENT OF HAZARDOUS NATURE

	HAZARDOUS SUBSTANCE. DANGEROUS GOODS. According to the Criteria of NOHSC, and the ADG Code.


POISONS SCHEDULE

None
	RISK
	SAFETY

	» Explosive when dry.
	» Keep away from sources of ignition. No smoking.

	» Extremely flammable.
	» Do not breathe gas/ fumes/ vapour/ spray.

	» Risk of explosion if heated under confinement.
	» Avoid contact with skin.

	» Potentially explosive peroxides may form on standing.*.
	» Use only in well ventilated areas.

	» Inhalation and/or ingestion may produce health damage*.
	» Keep container in a well ventilated place.

	» May produce discomfort of the respiratory system*.
	» Keep in a cool place.

	» Limited evidence of a carcinogenic effect*.
	» Keep container tightly closed.

	» Repeated exposure potentially causes skin dryness and cracking*.
	» This material and its container must be disposed of as hazardous waste.

	» Vapours potentially cause drowsiness and dizziness*.
	

	* (limited evidence).
	


4. FIRST AID MEASURES

SWALLOWED
» 

· Avoid giving milk or oils. 

· Avoid giving alcohol. 

· Not considered a normal route of entry.

· If spontaneous vomiting appears imminent or occurs, hold patient's head down, lower than their hips to help avoid possible aspiration of vomitus. 

EYE

» 

· If product comes in contact with eyes remove the patient from gas source or contaminated area. 

· Take the patient to the nearest eye wash, shower or other source of clean water. 

· Open the eyelid(s) wide to allow the material to evaporate. 

· Gently rinse the affected eye(s) with clean, cool water for at least 15 minutes. Have the patient lie or sit down and tilt the head back. Hold the eyelid(s) open and pour water slowly over the eyeball(s) at the inner corners, letting the water run out of the outer corners. 

· The patient may be in great pain and wish to keep the eyes closed. It is important that the material is rinsed from the eyes to prevent further damage. 

· Ensure that the patient looks up, and side to side as the eye is rinsed in order to better reach all parts of the eye(s) 

· Transport to hospital or doctor. 

· Even when no pain persists and vision is good, a doctor should examine the eye as delayed damage may occur. 

· If the patient cannot tolerate light, protect the eyes with a clean, loosely tied bandage. 

· Ensure verbal communication and physical contact with the patient. 
· DO NOT allow the patient to rub the eyes DO NOT allow the patient to tightly shut the eyes DO NOT introduce oil or ointment into the eye(s) without medical advice DO NOT use hot or tepid water. 

SKIN

» If skin or hair contact occurs: 

· Flush skin and hair with running water (and soap if available). 

· Seek medical attention in event of irritation. 

INHALED

» 

· Following exposure to gas, remove the patient from the gas source or contaminated area. 

· NOTE: Personal Protective Equipment (PPE), including positive pressure self-contained breathing apparatus may be required to assure the safety of the rescuer. 

· Prostheses such as false teeth, which may block the airway, should be removed, where possible, prior to initiating first aid procedures. 

· If the patient is not breathing spontaneously, administer rescue breathing. 

· If the patient does not have a pulse, administer CPR. 

· If medical oxygen and appropriately trained personnel are available, administer 100% oxygen. 

· Summon an emergency ambulance. If an ambulance is not available, contact a physician, hospital, or Poison Control Centre for further instruction. 

· Keep the patient warm, comfortable and at rest while awaiting medical care. 

· MONITOR THE BREATHING AND PULSE, CONTINUOUSLY. 
· Administer rescue breathing (preferably with a demand-valve resuscitator, bag-valve mask-device, or pocket mask as trained) or CPR if necessary.
NOTES TO PHYSICIAN

» For acute or short term repeated exposures to petroleum distillates or related hydrocarbons: 

· Primary threat to life, from pure petroleum distillate ingestion and/or inhalation, is respiratory failure. 

· Patients should be quickly evaluated for signs of respiratory distress (e.g. cyanosis, tachypnoea, intercostal retraction, obtundation) and given oxygen. Patients with inadequate tidal volumes or poor arterial blood gases (pO2 50 mm Hg) should be intubated. 

· Arrhythmias complicate some hydrocarbon ingestion and/or inhalation and electrocardiographic evidence of myocardial injury has been reported; intravenous lines and cardiac monitors should be established in obviously symptomatic patients. The lungs excrete inhaled solvents, so that hyperventilation improves clearance. 

· A chest x-ray should be taken immediately after stabilisation of breathing and circulation to document aspiration and detect the presence of pneumothorax. 

· Epinephrine (adrenalin) is not recommended for treatment of bronchospasm because of potential myocardial sensitisation to catecholamines. Inhaled cardioselective bronchodilators (e.g. Alupent, Salbutamol) are the preferred agents, with aminophylline a second choice. 

· Lavage is indicated in patients who require decontamination; ensure use of cuffed endotracheal tube in adult patients. [Ellenhorn and Barceloux: Medical Toxicology] 

For gas exposures:
--------------------------------------------------------------
BASIC TREATMENT
-------------------------------------------------------------- 

· Establish a patent airway with suction where necessary. 

· Watch for signs of respiratory insufficiency and assist ventilation as necessary. 

· Administer oxygen by non-rebreather mask at 10 to 15 l/min. 

· Monitor and treat, where necessary, for pulmonary oedema . 

· Monitor and treat, where necessary, for shock. 

· Anticipate seizures. 

--------------------------------------------------------------
ADVANCED TREATMENT
-------------------------------------------------------------- 

· Consider orotracheal or nasotracheal intubation for airway control in unconscious patient or where respiratory arrest has occurred. 

· Positive-pressure ventilation using a bag-valve mask might be of use. 

· Monitor and treat, where necessary, for arrhythmias. 

· Start an IV D5W TKO. If signs of hypovolaemia are present use lactated Ringers solution. Fluid overload might create complications. 

· Drug therapy should be considered for pulmonary oedema. 

· Hypotension with signs of hypovolaemia requires the cautious administration of fluids. Fluid overload might create complications. 

· Treat seizures with diazepam. 

· Proparacaine hydrochloride should be used to assist eye irrigation. 

5. FIRE FIGHTING MEASURES

EXTINGUISHING MEDIA

» DO NOT EXTINGUISH BURNING GAS UNLESS LEAK CAN BE STOPPED SAFELY:
OTHERWISE: LEAVE GAS TO BURN.
FOR SMALL FIRE: 

· Dry chemical, CO2 or water spray to extinguish gas (only if absolutely necessary and safe to do so). 

· DO NOT use water jets.

FOR LARGE FIRE: 

· Cool cylinder by direct flooding quantities of water onto upper surface until well after fire is out. 

· DO NOT direct water at source of leak or venting safety devices as icing may occur.

FIRE FIGHTING

» FOR FIRES INVOLVING MANY GAS CYLINDERS: 

· To stop the flow of gas, specifically trained personnel may inert the atmosphere to reduce oxygen levels thus allowing the capping of leaking container(s). 

· Reduce the rate of flow and inject an inert gas, if possible, before completely stopping the flow to prevent flashback. 

· DO NOT extinguish the fire until the supply is shut off otherwise an explosive re-ignition may occur. 

· If the fire is extinguished and the flow of gas continues, used increased ventilation to prevent build-up, of explosive atmosphere. 

· Use non-sparking tools to close container valves. 

· Be CAUTIOUS of a Boiling Liquid Evaporating Vapour Explosion, BLEVE, if fire is impinging on surrounding containers. 

· Direct 2500 litre/min (500 gpm) water stream onto containers above liquid level with the assistance remote monitors. 

--------------------------------------------------------------
GENERAL
-------------------------------------------------------------- 

· Alert Fire Brigade and tell them location and nature of hazard. 

· May be violently or explosively reactive. 

· Wear breathing apparatus plus protective gloves. 

· Consider evacuation 

· Fight fire from a safe distance, with adequate cover. 

· If safe, switch off electrical equipment until vapour fire hazard removed. 

· Use water delivered as a fine spray to control fire and cool adjacent area. 

· DO NOT approach cylinders suspected to be hot. 

· Cool fire-exposed cylinders with water spray from a protected location. 

· If safe to do so, remove containers from path of fire. 

--------------------------------------------------------------
FIRE FIGHTING PROCEDURES:
-------------------------------------------------------------- 

· The only safe way to extinguish a flammable gas fire is to stop the flow of gas. 

· If the flow cannot be stopped, allow the entire contents of the cylinder to burn while cooling the cylinder and surroundings with water from a suitable distance. 

· Extinguishing the fire without stopping the gas flow may permit the formation of ignitable or explosive mixtures with air. These mixtures may propagate to a source of ignition. 

--------------------------------------------------------------
SPECIAL HAZARDS
-------------------------------------------------------------- 

· Excessive pressures may develop in a gas cylinder exposed in a fire; this may result in explosion. 

· Cylinders with pressure relief devices may release their contents as a result of fire and the released gas may constitute a further source of hazard for the fire-fighter. 

· Cylinders without pressure-relief valves have no provision for controlled release and are therefore more likely to explode if exposed to fire. 

--------------------------------------------------------------
FIRE FIGHTING REQUIREMENTS:
--------------------------------------------------------------
The need for proximity, entry and flash-over protection and special protective clothing should be determined for each incident, by a competent fire-fighting safety professional.

FIRE/EXPLOSION HAZARD

· » 

· HIGHLY FLAMMABLE: will be easily ignited by heat, sparks or flames. 

· Will form explosive mixtures with air 

· Fire exposed containers may vent contents through pressure relief valves thereby increasing fire intensity and/ or vapour concentration. 

· Vapours may travel to source of ignition and flash back. 

· Containers may explode when heated - Ruptured cylinders may rocket 

· Fire may produce irritating, poisonous or corrosive gases. 

· Runoff may create fire or explosion hazard. 

· May decompose explosively when heated or involved in fire. 

· High concentration of gas may cause asphyxiation without warning. 

· Contact with gas may cause burns, severe injury and/ or frostbite. 

Combustion products include: carbon monoxide (CO), carbon dioxide (CO2), other pyrolysis products typical of burning organic material.
Contains low boiling substance: Closed containers may rupture due to pressure buildup under fire conditions.
WARNING: Long standing in contact with air and light may result in the formation
of potentially explosive peroxides.

· Vented gas is denser than air and may collect in pits, basements. 

FIRE INCOMPATIBILITY

» 

Avoid contamination with oxidising agents i.e. nitrates, oxidising acids, chlorine bleaches, pool chlorine etc. as ignition may result
HAZCHEM

2YE
Personal Protective Equipment

Gas tight chemical resistant suit.
6. ACCIDENTAL RELEASE MEASURES

EMERGENCY PROCEDURES
MINOR SPILLS

» 

· Avoid breathing vapour and any contact with liquid or gas. Protective equipment including respirator should be used. 

· DO NOT enter confined spaces where gas may have accumulated. 

· Shut off all sources of possible ignition and increase ventilation. 

· Clear area of personnel. 

· Stop leak only if safe to so do. 

· Remove leaking cylinders to safe place. release pressure under safe controlled conditions by opening valve. 

· Orientate cylinder so that the leak is gas, not liquid, to minimise rate of leakage 

· Keep area clear of personnel until gas has dispersed. 

MAJOR SPILLS
» 

· Clear area of all unprotected personnel and move upwind. 

· Alert Emergency Authority and advise them of the location and nature of hazard. 

· May be violently or explosively reactive. 

· Wear full body clothing with breathing apparatus. 

· Prevent by any means available, spillage from entering drains and water-courses. 

· Consider evacuation. 

· Shut off all possible sources of ignition and increase ventilation. 

· No smoking or naked lights within area. 

· Use extreme caution to prevent violent reaction. 

· Stop leak only if safe to so do. 

· Water spray or fog may be used to disperse vapour. 

· DO NOT enter confined space where gas may have collected. 

· Keep area clear until gas has dispersed. 

· Remove leaking cylinders to a safe place. 

· Fit vent pipes. Release pressure under safe, controlled conditions 

· Burn issuing gas at vent pipes. 
· DO NOT exert excessive pressure on valve; DO NOT attempt to operate damaged valve.
SAFE STORAGE WITH OTHER CLASSIFIED CHEMICALS
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X: Must not be stored together 

O: May be stored together with specific preventions 

+: May be stored together
7. HANDLING AND STORAGE

PROCEDURE FOR HANDLING
· Containers, even those that have been emptied, may contain explosive vapours. 

· Do NOT cut, drill, grind, weld or perform similar operations on or near containers. 

The substance forms explosive levels of peroxides without concentration by evaporation or distillation.
Purchases of peroxidisable chemicals should be restricted to ensure that the chemical is used completely before it can become peroxidised. 

· A responsible person should maintain an inventory of peroxidisable chemicals or annotate the general chemical inventory to indicate which chemicals are subject to peroxidation. An expiration date should be determined. The chemical should either be treated to remove peroxides or disposed of before this date. 

· The person or laboratory receiving the chemical should record a receipt date on the bottle. The individual opening the container should add an opening date. 

· Unopened containers received from the supplier should be safe to store for 18 months. 

· Opened containers should not be stored for more than 3 months. 

· Electrostatic discharge may be generated during pumping - this may result in fire. 

· Ensure electrical continuity by bonding and grounding (earthing) all equipment. 

· Restrict line velocity during pumping in order to avoid generation of electrostatic discharge (<=1 m/sec until fill pipe submerged to twice its diameter, then <= 7 m/sec). 

· Avoid splash filling. 

· Do NOT use compressed air for filling discharging or handling operations. 

· Consider use in closed pressurised systems, fitted with temperature, pressure and safety relief valves which are vented for safe dispersal. 

· Use a pressure reducing regulator when connecting cylinder to lower pressure (<100 psig) piping or systems 

· Use a check valve or trap in the discharge line to prevent hazardous back-flow into the cylinder 

· Check regularly for spills or leaks. Keep valves tightly closed but do not apply extra leverage to hand wheels or cylinder keys. 

· Valve protection caps must remain in place must remain in place unless container is secured with valve outlet piped to use point. 

· Do NOT drag, slide or roll cylinders - use a suitable hand truck for cylinder movement 

· Test for leakage with brush and detergent - NEVER use a naked flame. 

· Do NOT heat cylinder by any means to increase the discharge rate of product from cylinder. 

· Leaking gland nuts may be tightened if necessary. 

· If a cylinder valve will not close completely, remove the cylinder to a well ventilated location (e.g. outside) and, when empty, tag as FAULTY and return to supplier. 

· Obtain a work permit before attempting any repairs. 

· DO NOT attempt repair work on lines, vessels under pressure. 

· Atmospheres must be tested and O.K. before work resumes after leakage. 

· Avoid generation of static electricity. Earth all lines and equipment. 
· DO NOT transfer gas from one cylinder to another.
SUITABLE CONTAINER

» 

Cylinder: 

· Ensure the use of equipment rated for cylinder pressure. 

· Ensure the use of compatible materials of construction. 

· Valve protection cap to be in place until cylinder is secured, connected. 

· Cylinder must be properly secured either in use or in storage. 

· Cylinder valve must be closed when not in use or when empty. 

· Segregate full from empty cylinders. 

WARNING: Suckback into cylinder may result in rupture. Use back-flow preventive device in piping.

STORAGE INCOMPATIBILITY

» 

· The various oxides of nitrogen and peroxyacids may be dangerously reactive in the presence of alkenes. 
· Avoid reaction with strong Lewis or mineral acids. 

· Reaction with halogens requires carefully controlled conditions. 

· Free radical initiators should be avoided. 

WARNING:
May decompose violently or explosively on contact with other substances. 

· This substance is one of the relatively few compounds which are described as "endothermic" i.e. heat is absorbed into the compound, rather than released from it, during its formation. 

· The majority of endothermic compounds are thermodynamically unstable and may decompose explosively under various circumstances of initiation. 

· Many but not all endothermic compounds have been involved in decompositions, reactions and explosions and, in general, compounds with significantly positive values of standard heats of formation, may be considered suspect on stability grounds. 

· The interaction of alkenes and alkynes with nitrogen oxides and oxygen may produce explosive addition products; these may form at very low temperatures and explode on heating to higher temperatures (the addition products from 1,3-butadiene and cyclopentadiene form rapidly at -150 C and ignite or explode on warming to -35 to -15 C). These derivatives ("pseudo- nitrosites") were formerly used to characterise terpene hydrocarbons. 

· Exposure to air must be kept to a minimum so as to limit the build-up of peroxides which will concentrate in bottoms if the product is distilled. The product must not be distilled to dryness if the peroxide concentration is substantially above 10 ppm (as active oxygen) since explosive decomposition may occur. Distillate must be immediately inhibited to prevent peroxide formation. The effectiveness of the antioxidant is limited once the peroxide levels exceed 10 ppm as active oxygen. Addition of more inhibitor at this point is generally ineffective. Prior to distillation it is recommended that the product should be washed with aqueous ferrous ammonium sulfate to destroy peroxides; the washed product should be immediately re-inhibited. 

· A range of exothermic decomposition energies for double bonds is given as 40-90 kJ/mol. The relationship between energy of decomposition and processing hazards has been the subject of discussion; it is suggested that values of energy released per unit of mass, rather than on a molar basis (J/g) be used in the assessment. For example, in "open vessel processes" (with man-hole size openings, in an industrial setting), substances with exothermic decomposition energies below 500 J/g are unlikely to present a danger, whilst those in "closed vessel processes" (opening is a safety valve or bursting disk) present some danger where the decomposition energy exceeds 150 J/g. 

· Avoid reaction with oxidising agents 
· Avoid contact with copper and its alloys, plastic, rubber, halogens, and silica-aluminium molecular sieves
STORAGE REQUIREMENTS

» Easily peroxidisable. 

· Products formed as a result of peroxidation are not only safety hazards but may chemically alter the chemical behavior of the parent compound. 

· Should have a warning label affixed bearing the date of receipt in the laboratory and the date on which the container label is first opened, or laboratory synthesised materials are the responsibility of the individual chemist. 

· WARNING:This product may form peroxides which themselves are not themselves particularly hazardous but which on decomposition may initiate explosive polymerisation of the bulk monomer (Trommsdorf effect). 

· Should be evaluated every 12 months, redated if safe or else discarded. 

· Quantities of uninhibited monomers exceeding 500 ml should not be stored for more than 24 hours. 

· The oxidation of iodide to iodine or the conversion of colourless ferrothiocyanate to red ferrithiocyanate by peroxides are simple and convenient tests for most peroxides. 

· Before distilling or evaporating a suitable polymerisation inhibitor should be added. 

· Leave at least 10% bottoms. 

· Use a shield when evaporating or distilling mixtures which may contain peroxidisable compounds. 

· Store away from heat and light. 

· Particular attention should be paid to the adequacy of the closure on storage containers. 

Peroxides may be removed by; 

· passing the material over a column of ordinary activated alumina (care should be taken in disposal of the activated alumina); 

· shaking with a concentrated solution of ferrous salt (provided the carrier solvent is water-insoluble); 

· agitation with an approximately equimolar mixture of ferrous sulfate and sodium bisulfate; 

· commercial quantities may be treated with a 5% solution of aqueous sodium carbonate. 

· When solvents have been freed from peroxides by percolation through a column of activated alumina, the adsorbed peroxides must promptly be desorbed by treatment with polar solvents, methanol or water, which must in turn be discarded safely.*** 

· Cylinders should be stored in a purpose-built compound with good ventilation, preferably in the open. 

· Such compounds should be sited and built in accordance with statutory requirements. 

· The storage compound should be kept clear and access restricted to authorised personnel only. 

· Cylinders stored in the open should be protected against rust and extremes of weather. 

· Cylinders in storage should be properly secured to prevent toppling or rolling. 

· Cylinder valves should be closed when not in use. 

· Where cylinders are fitted with valve protection this should be in place and properly secured. 

· Gas cylinders should be segregated according to the requirements of the Dangerous Goods Act(s). 

· Cylinders containing flammable gases should be stored away from other combustible materials. Alternatively a fire-resistant partition may be used. 

· Check storage areas for flammable or hazardous concentrations of gases prior to entry. 

· Preferably store full and empty cylinders separately. 

· Full cylinders should be arranged so that the oldest stock is used first. 

· Cylinders in storage should be checked periodically for general condition and leakage. 

· Protect cylinders against physical damage. Move and store cylinders correctly as instructed for their manual handling. 

NOTE: A 'G' size cylinder is usually too heavy for an inexperienced operator to raise or lower.
8. EXPOSURE CONTROLS/PERSONAL PROTECTION

EXPOSURE CONTROLS
	Source 
	Material 
	TWA ppm 
	TWA mg/m³ 
	STEL ppm 
	STEL mg/m³ 
	Peak ppm 
	Peak mg/m³ 
	TWA F/CC 

	Australia Exposure Standards 
	1,3-butadiene (1,3-Butadiene (h)) 
	10 
	22 
	
	
	
	
	

	Australia Exposure Standards 
	catechol (Catechol) 
	5 
	23 
	
	
	
	
	


ODOUR SAFETY FACTOR (OSF)

OSF=1.3 (butadiene)
» Exposed individuals are NOT reasonably expected to be warned, by smell, that the Exposure Standard is being exceeded.
Odour Safety Factor (OSF) is determined to fall into either Class C, D or E.
The Odour Safety Factor (OSF) is defined as:
OSF= Exposure Standard (TWA) ppm/ Odour Threshold Value (OTV) ppm

Classification into classes follows:

	Class
	OSF
	Description

	A
	550
	Over 90% of exposed individuals are aware by smell that the Exposure Standard (TLV-TWA for example) is being reached, even when distracted by working activities

	B
	26-550
	As "A" for 50-90% of persons being distracted

	C
	1-26
	As "A" for less than 50% of persons being distracted

	D
	0.18-1
	10-50% of persons aware of being tested perceive by smell that the Exposure Standard is being reached

	E
	<0.18
	As "D" for less than 10% of persons aware of being tested


MATERIAL DATA

» Sensory irritants are chemicals that produce temporary and undesirable side-effects on the eyes, nose or throat. Historically occupational exposure standards for these irritants have been based on observation of workers' responses to various airborne concentrations. Present day expectations require that nearly every individual should be protected against even minor sensory irritation and exposure standards are established using uncertainty factors or safety factors of 5 to 10 or more. On occasion animal no-observable-effect-levels (NOEL) are used to determine these limits where human results are unavailable. An additional approach, typically used by the TLV committee (USA) in determining respiratory standards for this group of chemicals, has been to assign ceiling values (TLV C) to rapidly acting irritants and to assign short-term exposure limits (TLV STELs) when the weight of evidence from irritation, bioaccumulation and other endpoints combine to warrant such a limit. In contrast the MAK Commission (Germany) uses a five-category system based on intensive odour, local irritation, and elimination half-life. However this system is being replaced to be consistent with the European Union (EU) Scientific Committee for Occupational Exposure Limits (SCOEL); this is more closely allied to that of the USA.

OSHA (USA) concluded that exposure to sensory irritants can: 

· cause inflammation 

· cause increased susceptibility to other irritants and infectious agents 

· lead to permanent injury or dysfunction 

· permit greater absorption of hazardous substances and 

· acclimate the worker to the irritant warning properties of these substances thus increasing the risk of overexposure. 
May act as a simple asphyxiants; these are gases which, when present in high concentrations, reduce the oxygen content in air below that required to support breathing, consciousness and life; loss of consciousness, with death by suffocation may rapidly occur in an oxygen deficient atmosphere.
CARE: Most simple asphyxiants are odourless or possess low odour and there is no warning on entry into an oxygen deficient atmosphere. If there is any doubt, oxygen content can be checked simply and quickly. It may not be appropriate to only recommend an exposure standard for simple asphyxiants rather it is essential that sufficient oxygen be maintained. Air normally has 21 percent oxygen by volume, with 18 percent regarded as minimum under normal atmospheric pressure to maintain consciousness / life. At pressures significantly higher or lower than normal atmospheric pressure, expert guidance should be sought.
WARNING: This substance has been classified by the ACGIH as A2 Suspected Human Carcinogen.
WARNING: This substance is classified by the NOHSC as Category 2 Probable Human Carcinogen.
for 1,3-butadiene
TLV TWA: 2 ppm, 4.4 mg/m3 A2
ES TWA: 10 ppm, 22 mg/m3 Carcinogen Category 2
Odour Threshold Value: 0.45 ppm (detection), 1.1 ppm (recognition)
IDLH Level: 20,000 ppm (the lower explosive limit for this substance)
Exposure at or below the TLV-TWA is thought to provide significant protection for workers against systemic toxicity including cancer.
US rubber workers reached an accord in 1996 to limit exposure to 1 ppm with a 15-minute, short-term limit of 5 ppm. This TLV-TWA is currently under review in light of a report of animal carcinogenicity at 6.25 ppm.

INGREDIENT DATA

CATECHOL:
Phenol and catechol produce similar toxic actions although catechol is
considerably less toxic than phenol in animal tests following inhalation.
By other exposure routes catechol is considerably more toxic. The TLV-TWA
is thought to be protective against the significant risk of dermal and
upper respiratory tract irritation and central nervous system effects,
including convulsion.
4-TERT-BUTYLCATECHOL:
» For p-tert-butylcatechol:
CEL TWA: 5 mg/m3 [compare WEEL-TWA*]
4-tert-Butylcatechol is severely irritating, can cause allergic dermatitis and can depigment skin. The American Industrial Hygiene Association has recommended a Workplace Exposure Level (WEEL) for an 8-hr time weighted average (TWA) of 5 mg/m3 to protect against acute irritant effects. Oral effects are only slight and generally reversible.
PERSONAL PROTECTION
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EYE

» 

· Safety glasses with side shields. 

· Chemical goggles. 

· Contact lenses may pose a special hazard; soft contact lenses may absorb and concentrate irritants. A written policy document, describing the wearing of lens or restrictions on use, should be created for each workplace or task. This should include a review of lens absorption and adsorption for the class of chemicals in use and an account of injury experience. Medical and first-aid personnel should be trained in their removal and suitable equipment should be readily available. In the event of chemical exposure, begin eye irrigation immediately and remove contact lens as soon as practicable. Lens should be removed at the first signs of eye redness or irritation - lens should be removed in a clean environment only after workers have washed hands thoroughly. [CDC NIOSH Current Intelligence Bulletin 59] 

HANDS/FEET

» 

· When handling sealed cylinders wear cloth or leather gloves. 

OTHER

» 

· The clothing worn by process operators insulated from earth may develop static charges far higher (up to 100 times) than the minimum ignition energies for various flammable gas-air mixtures. This holds true for a wide range of clothing materials including cotton. 

· Avoid dangerous levels of charge by ensuring a low resistivity of the surface material worn outermost. 

· Protective overalls, closely fitted at neck and wrist. 

· Eye-wash unit. 
IN CONFINED SPACES: 

· Non-sparking protective boots 

· Static-free clothing. 

· Ensure availability of lifeline. 

Staff should be trained in all aspects of rescue work.
Rescue gear: Two sets of SCUBA breathing apparatus Rescue Harness, lines etc.

· Some plastic personal protective equipment (PPE) (e.g. gloves, aprons, overshoes) are not recommended as they may produce static electricity.

» 

· Positive pressure, full face, air-supplied breathing apparatus should be used for work in enclosed spaces if a leak is suspected or the primary containment is to be opened (e.g. for a cylinder change) 

· Air-supplied breathing apparatus is required where release of gas from primary containment is either suspected or demonstrated. 

RESPIRATOR

» Where the concentration of gas/particulates in the breathing zone, approaches or exceeds the "Exposure Standard" (or ES), respiratory protection is required.
Degree of protection varies with both face-piece and Class of filter; the nature of protection varies with Type of filter.

	Protection Factor
	Half-Face Respirator
	Full-Face Respirator
	Powered Air Respirator

	10 x ES
	AX-AUS 
	-
	AX-PAPR-AUS 

	50 x ES
	-
	AX-AUS 
	-

	100 x ES
	-
	AX-2 
	AX-PAPR-2 ^


^ - Full-face.

The local concentration of material, quantity and conditions of use determine the type of personal protective equipment required.
ENGINEERING CONTROLS

» 

· Employees exposed to confirm human carcinogens should be authorized to do so by the employer, and work in a regulated area. 

· Work should be undertaken in an isolated system such as a "glove-box" . Employees should wash their hands and arms upon completion of the assigned task and before engaging in other activities not associated with the isolated system. 

· Within regulated areas, the carcinogen should be stored in sealed containers, or enclosed in a closed system, including piping systems, with any sample ports or openings closed while the carcinogens are contained within. 

· Open-vessel systems are prohibited. 

· Each operation should be provided with continuous local exhaust ventilation so that air movement is always from ordinary work areas to the operation. 

· Exhaust air should not be discharged to regulated areas, non-regulated areas or the external environment unless decontaminated. Clean make-up air should be introduced in sufficient volume to maintain correct operation of the local exhaust system. 

· For maintenance and decontamination activities, authorized employees entering the area should be provided with and required to wear clean, impervious garments, including gloves, boots and continuous-air supplied hood. Prior to removing protective garments the employee should undergo decontamination and be required to shower upon removal of the garments and hood. 

· Except for outdoor systems, regulated areas should be maintained under negative pressure (with respect to non-regulated areas). 

· Local exhaust ventilation requires make-up air be supplied in equal volumes to replaced air. 

Laboratory hoods must be designed and maintained so as to draw air inward at an average linear face velocity of 150 feet/ min. with a minimum of 125 feet/ min. Design and construction of the fume hood requires that insertion of any portion of the employees body, other than hands and arms, be disallowed.
9. STABILITY AND REACTIVITY

CONDITIONS CONTRIBUTING TO INSTABILITY

· Presence of incompatible materials. 

· Product is considered stable. 
· Hazardous polymerisation will not occur.
10. TOXICOLOGICAL INFORMATION

POTENTIAL HEALTH EFFECTS   

ACUTE HEALTH EFFECTS

SWALLOWED

» Not normally a hazard due to physical form of product.
Considered an unlikely route of entry in commercial/industrial environments.

EYE

» Although the material is not thought to be an irritant (as classified by EC Directives), direct contact with the eye may produce transient discomfort characterised by tearing or conjunctival redness (as with windburn).
Not considered to be a risk because of the extreme volatility of the gas.

SKIN

» The material is not thought to produce adverse health effects or skin irritation following contact (as classified by EC Directives using animal models). Nevertheless, good hygiene practice requires that exposure be kept to a minimum and that suitable gloves be used in an occupational setting.
Repeated exposure may cause skin cracking, flaking or drying following normal handling and use.
The diepoxide of butadiene (1,2:3,4-diepoxybutane), a probable metabolite, has been reported to be a mild skin tumourigen when applied topically to the skin of mice.
Entry into the blood-stream, through, for example, cuts, abrasions or lesions, may produce systemic injury with harmful effects. Examine the skin prior to the use of the material and ensure that any external damage is suitably protected.

INHALED

» Inhalation of vapours may cause drowsiness and dizziness. This may be accompanied by sleepiness, reduced alertness, loss of reflexes, lack of co-ordination, and vertigo.
Inhalation of vapours or aerosols (mists, fumes), generated by the material during the course of normal handling, may be damaging to the health of the individual.
There is some evidence to suggest that the material can cause respiratory irritation in some persons. The body's response to such irritation can cause further lung damage.
Inhalation of high concentrations of gas/vapour causes lung irritation with coughing and nausea, central nervous depression with headache and dizziness, slowing of reflexes, fatigue and inco-ordination.
Central nervous system (CNS) depression may include general discomfort, symptoms of giddiness, headache, dizziness, nausea, anaesthetic effects, slowed reaction time, slurred speech and may progress to unconsciousness. Serious poisonings may result in respiratory depression and may be fatal.
Exposure to toxic levels of butadiene has also produced chromosome damage. Human volunteers exposed at 2000-8000 ppm 1,3-butadiene for 6-8 hours showed slight smarting of the eyes, difficulty in focusing on instrument scales and a transient objection to butadiene odour. Characteristics of exposure include dry nose/mouth/throat, fatigue, headache, vertigo, nausea, narcosis, respiratory paralysis, and central nervous system depression. Very high concentrations may cause loss of consciousness or death. Repeated and prolonged exposure to 1,3-butadiene vapour may cause kidney and liver damage. Deep anaesthesia was induced in rabbits in 8 to 10 minutes at 200000 to 250000 ppm. Recovery from brief periods of anaesthesia occurred within two minutes of terminating the exposure.
If exposure to highly concentrated solvent atmosphere is prolonged this may lead to narcosis, unconsciousness, even coma and possible death.
Material is highly volatile and may quickly form a concentrated atmosphere in confined or unventilated areas. Vapour is heavier than air and may displace and replace air in breathing zone, acting as a simple asphyxiant. This may happen with little warning of overexposure.
Symptoms of asphyxia (suffocation) may include headache, dizziness, shortness of breath, muscular weakness, drowsiness and ringing in the ears. If the asphyxia is allowed to progress, there may be nausea and vomiting, further physical weakness and unconsciousness and, finally, convulsions, coma and death. Significant concentrations of the non-toxic gas reduce the oxygen level in the air. As the amount of oxygen is reduced from 21 to 14 volume %, the pulse rate accelerates and the rate and volume of breathing increase. The ability to maintain attention and think clearly is diminished and muscular coordination is somewhat disturbed. As oxygen decreases from 14-10% judgement becomes faulty; severe injuries may cause no pain. Muscular exertion leads to rapid fatigue. Further reduction to 6% may produce nausea and vomiting and the ability to move may be lost. Permanent brain damage may result even after resuscitation at exposures to this lower oxygen level. Below 6% breathing is in gasps and convulsions may occur. Inhalation of a mixture containing no oxygen may result in unconsciousness from the first breath and death will follow in a few minutes.
The use of a quantity of material in an unventilated or confined space may result in increased exposure and an irritating atmosphere developing.
Before starting consider control of exposure by mechanical ventilation.
Inhalation of non-toxic gases may cause: 

· CNS effects: headache, confusion, dizziness, stupor, seizures and coma; 

· respiratory: shortness of breath and rapid breathing; 

· cardiovascular: collapse and irregular heart beats; 
· gastrointestinal: mucous membrane irritation, nausea and vomiting.
CHRONIC HEALTH EFFECTS

» There is ample evidence that this material can be regarded as being able to cause cancer in humans based on experiments and other information.
Principal route of occupational exposure to the gas is by inhalation.
Amongst humans occupationally exposed to 1,3-butadiene several cancer sites with high statistically significant mortality ratios were identified.
These included cancer of the testes, cancers of the digestive system (oesophagus, stomach, large intestine), larynx and Hodgkin's disease.
Exposure by rats to 1,3-butadiene gas at 1000 ppm/6hrs/day, 5 days /week (105 weeks for females and 111 weeks for males) caused significant increases in the incidence of tumours at various sites; mammary gland adenomas and sarcomas; uterine sarcomas; Zymbal gland carcinomas; thyroid adenomas and pancreatic adenomas. A high incidence of malignant lymphoma was found amongst a group of exposed rats in a second study.
TOXICITY AND IRRITATION

» unless otherwise specified data extracted from RTECS - Register of Toxic Effects of Chemical Substances.

	TOXICITY 
	IRRITATION 

	Oral (rat) LD50: 5480 mg/kg 
	Nil Reported 

	Inhalation (rat) LC50: 285 g/m³/4h 
	

	Inhalation (human) TCLo: 2000 ppm /7h 
	

	Inhalation (human) TCLo: 8000 ppm 
	

	Inhalation (mouse) TCLo: 259 ppm/7h 
	


» WARNING: This substance has been classified by the IARC as Group 2B: Possibly Carcinogenic to Humans.
	CARCINOGEN

catechol 

International Agency for Research on Cancer (IARC) Carcinogens 

Group 

2B 




11. ECOLOGICAL INFORMATION

» Substances containing unsaturated carbons are ubiquitous in indoor environments. They result from many sources (see below). Most are reactive with environmental ozone and many produce stable products which are thought to adversely affect human health.The potential for surfaces in an enclosed space to facilitate reactions should be considered.

	Source of unsaturated substances
	Unsaturated substances (Reactive Emissions)
	Major Stable Products produced following reaction with ozone.

	Occupants (exhaled breath, ski oils, personal care products)
	Isoprene, nitric oxide, squalene, unsaturated sterols, oleic acid and other unsaturated fatty acids, unsaturated oxidation products
	Methacrolein, methyl vinyl ketone, nitrogen dioxide, acetone, 6MHQ, geranyl acetone, 4OPA, formaldehyde, nonanol, decanal, 9-oxo-nonanoic acid, azelaic acid, nonanoic acid.

	Soft woods, wood flooring, including cypress, cedar and silver fir boards, houseplants
	Isoprene, limonene, alpha-pinene, other terpenes and sesquiterpenes
	Formaldehyde, 4-AMC, pinoaldehyde, pinic acid, pinonic acid, formic acid, methacrolein, methyl vinyl ketone, SOAs including ultrafine particles

	Carpets and carpet backing
	4-Phenylcyclohexene, 4-vinylcyclohexene, styrene, 2-ethylhexyl acrylate, unsaturated fatty acids and esters
	Formaldehyde, acetaldehyde, benzaldehyde, hexanal, nonanal, 2-nonenal

	Linoleum and paints/polishes containing linseed oil
	Linoleic acid, linolenic acid
	Propanal, hexanal, nonanal, 2-heptenal, 2-nonenal, 2-decenal, 1-pentene-3-one, propionic acid, n-butyric acid

	Latex paint
	Residual monomers
	Formaldehyde 

	Certain cleaning products, polishes, waxes, air fresheners
	Limonene, alpha-pinene, terpinolene, alpha-terpineol, linalool, linalyl acetate and other terpenoids, longifolene and other sesquiterpenes
	Formaldehyde, acetaldehyde, glycoaldehyde, formic acid, acetic acid, hydrogen and organic peroxides, acetone, benzaldehyde, 4-hydroxy-4-methyl-5-hexen-1-al, 5-ethenyl-dihydro-5-methyl-2(3H)-furanone, 4-AMC, SOAs including ultrafine particles

	Natural rubber adhesive
	Isoprene, terpenes
	Formaldehyde, methacrolein, methyl vinyl ketone

	Photocopier toner, printed paper, styrene polymers
	Styrene
	Formaldehyde, benzaldehyde

	Environmental tobacco smoke
	Styrene, acrolein, nicotine
	Formaldehyde, benzaldehyde, hexanal, glyoxal, N-methylformamide, nicotinaldehyde, cotinine

	Soiled clothing, fabrics, bedding
	Squalene, unsaturated sterols, oleic acid and other saturated fatty acids
	Acetone, geranyl acetone, 6MHO, 40PA, formaldehyde, nonanal, decanal, 9-oxo-nonanoic acid, azelaic acid, nonanoic acid

	Soiled particle filters
	Unsaturated fatty acids from plant waxes, leaf litter, and other vegetative debris; soot; diesel particles
	Formaldehyde, nonanal, and other aldehydes; azelaic acid; nonanoic acid; 9-oxo-nonanoic acid and other oxo-acids; compounds with mixed functional groups (=O, -OH, and -COOH)

	Ventilation ducts and duct liners
	Unsaturated fatty acids and esters, unsaturated oils, neoprene
	C5 to C10 aldehydes

	"Urban grime"
	Polycyclic aromatic hydrocarbons
	Oxidized polycyclic aromatic hydrocarbons

	Perfumes, colognes, essential oils (e.g. lavender, eucalyptus, tea tree)
	Limonene, alpha-pinene, linalool, linalyl acetate, terpinene-4-ol, gamma-terpinene
	Formaldehyde, 4-AMC, acetone, 4-hydroxy-4-methyl-5-hexen-1-al, 5-ethenyl-dihydro-5-methyl-2(3H) furanone, SOAs including ultrafine particles

	Overall home emissions
	Limonene, alpha-pinene, styrene
	Formaldehyde, 4-AMC, pinonaldehyde, acetone, pinic acid, pinonic acid, formic acid, benzaldehyde, SOAs including ultrafine particles


Abbreviations: 4-AMC, 4-acetyl-1-methylcyclohexene; 6MHQ, 6-methyl-5-heptene-2-one, 4OPA, 4-oxopentanal, SOA, Secondary Organic Aerosols
Reference: Charles J Weschler; Environmental Helath Perspectives, Vol 114, October 2006.

» For butadiene:
1,3-Butadiene is moderately toxic to aquatic life in the short term and slightly toxic in the long term. There is not enough information to predict additional short or long-term effects of 1,3-butadiene on plants, birds, or other animals. 1,3-Butadiene is not expected to accumulate in fish. Animal studies have reported development effects such as skeletal abnormalities and decreased foetal weights, and reproductive effects, including an increased incidence of shrinkage of the ovaries and testicles. Animal studies have also reported tumours at a variety of sites from inhalation of 1,3-butadiene.
The high volatility of this compound suggests that it will partition predominantly to the atmospheric compartment, where it is not expected to be adsorbed to particulate matter to any significant extent. If released to soil, 1,3-butadiene is expected to volatilize rapidly from either moist or dry soil to the atmosphere. This follows from the estimated lack of any appreciable adsorption to soil, and consideration of 1,3-butadiene's calculated Henry's law constant for moist soil or its vapor pressure, 2,100 mmHg at 25°C,for dry soil. Both values suggest a rapid rate of volatilization from their respective media. The calculated soil adsorption coefficient of 288 suggests that 1,3-butadiene may display moderate mobility in soil. However, the expected rapid rate of volatilization and the possibility of rapid degradation in soil suggest that there is little potential for 1,3-butadiene to leach into groundwater. Methane-utilizing bacteria isolated from the soil of an oil refinery epoxidised 1,3-butadiene under aerobic conditions
Butadiene is a reactive, electron-rich chemical that is expected to undergo rapid reactions with the electrophilic oxidants typically present in the atmosphere: ozone, photochemically produced hydroxyl radicals, nitrate radicals, and molecular oxygen. Among these, the most rapid reaction in the atmosphere is with photochemically produced hydroxyl radicals. The atmospheric destruction of 1,3-butadiene by photo-initiated processes has been established empirically by early studies There are four gas-phase pathways that can destroy 1,3-butadiene in the atmosphere. Depending on local conditions, any one or all of these reactions may occur. Destruction of atmospheric 1,3-butadiene by the gas-phase reaction with photochemically produced hydroxyl radicals is expected to be the dominant photo-initiated pathway. Destruction by nitrate radicals is expected to be a significant night-time process in urban areas.
» DO NOT discharge into sewer or waterways.

Refer to data for ingredients, which follows:
CATECHOL:

	Marine Pollutant: 
	Not Determined 

	» Hazardous Air Pollutant: 
	Yes 

	» BCF<100: 
	0.88/1.01 

	» Half- life Soil - High (hours): 
	168 

	» Half- life Soil - Low (hours): 
	24 

	» Half- life Air - High (hours): 
	26 

	» Half- life Air - Low (hours): 
	2.6 

	» Half- life Surface water - High (hours): 
	168 

	» Half- life Surface water - Low (hours): 
	24 

	» Half- life Ground water - High (hours): 
	336 

	» Half- life Ground water - Low (hours): 
	48 

	» Aqueous biodegradation - Aerobic - High (hours): 
	168 

	» Aqueous biodegradation - Aerobic - Low (hours): 
	24 

	» Aqueous biodegradation - Anaerobic - High (hours): 
	672 

	» Aqueous biodegradation - Anaerobic - Low (hours): 
	96 

	» Aqueous biodegradation - Removal secondary treatment - High (hours): 
	98.80% 

	» Aqueous biodegradation - Removal secondary treatment - Low (hours): 
	97.50% 

	» Photooxidation half- life water - High (hours): 
	3840 

	» Photooxidation half- life water - Low (hours): 
	77 

	» Photooxidation half- life air - High (hours): 
	26 

	» Photooxidation half- life air - Low (hours): 
	2.6 


log Kow: 0.88-1.01
Koc: 72
COD: 1.89
ThOD: 1.89
BCF: 3
Toxicity Fish: LC50(48)14mg/L
Toxicity invertebrate: LD0 1.6prt -90bac mg/L
Bioacculmulation: unlikey
Effects on algae and plankton: algae LD0 6mg/L
Degradation Biological: soil microflora -1 day, sig
processes Abiotic: oxid,no photol,
4-TERT-BUTYLCATECHOL:

	Marine Pollutant: 
	Not Determined 


» Toxic to aquatic organisms.
» Do NOT allow product to come in contact with surface waters or to intertidal areas below the mean high water mark. Do not contaminate water when cleaning equipment or disposing of equipment wash-waters.
Wastes resulting from use of the product must be disposed of on site or at approved waste sites.
» May cause long-term adverse effects in the aquatic environment.
» Environmental toxicity is a function of the n-octanol/ water partition coefficient (log Pow, log Kow). Phenols with log Pow >7.4 are expected to exhibit low toxicity to aquatic organisms. However the toxicity of phenols with a lower log Pow is variable, ranging from low toxicity (LC50 values >100 mg/l) to highly toxic (LC50 values <1 mg/l) dependent on log Pow, molecular weight and substitutions on the aromatic ring. Dinitrophenols are more toxic than predicted from QSAR estimates. Hazard information for these groups is not generally available.
» Prevent, by any means available, spillage from entering drains or water courses.
12. DISPOSAL CONSIDERATIONS

· Evaporate or incinerate residue at an approved site. 

· Return empty containers to supplier. 
· Ensure damaged or non-returnable cylinders are gas-free before disposal.
13. TRANSPORTATION INFORMATION

[image: image10.jpg]



Labels Required: FLAMMABLE GAS
Labels Required: FLAMMABLE GAS
HAZCHEM: None (ADG6)
Land Transport UNDG:
	Class or division: 
	2.1 
	Subsidiary risk: 
	None 

	UN No.: 
	1010 
	UN packing group: 
	None 


Shipping Name:BUTADIENES, STABILIZED or BUTADIENES AND HYDROCARBON
MIXTURE, STABILIZED containing more than 40% butadienes

Air Transport IATA:

	ICAO/IATA Class: 
	2.1 
	ICAO/IATA Subrisk: 
	None 

	UN/ID Number: 
	1010 
	Packing Group: 
	None 

	Special provisions: 
	A1 
	
	

	Cargo Only 
	
	
	

	Packing Instructions: 
	200 
	Maximum Qty/Pack: 
	150 kg 

	Passenger and Cargo 
	
	Passenger and Cargo 
	

	Packing Instructions: 
	Forbidden 
	Maximum Qty/Pack: 
	Forbidden 

	Passenger and Cargo Limited Quantity 
	
	Passenger and Cargo Limited Quantity 
	

	Packing Instructions: 
	- 
	Maximum Qty/Pack: 
	- 


Shipping Name: BUTADIENES AND HYDROCARBON MIXTURE, 
STABILIZED CONTAINING MORE THAN 40% BUTADIENES

Maritime Transport IMDG:

	IMDG Class: 
	2.1 
	IMDG Subrisk: 
	None 

	UN Number: 
	1010 
	Packing Group: 
	None 

	EMS Number: 
	F-D,S-U 
	Special provisions: 
	None 

	Limited Quantities: 
	None 
	
	


Shipping Name: BUTADIENES, STABILIZED or BUTADIENES AND 
HYDROCARBON MIXTURE, STABILIZED with more than 40% 
Butadienes
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