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Procedures and Methods Sheet: 001
Chemical Handling and Assessment
Eating, drinking and application of cosmetics are forbidden in all laboratories. Pipetting by mouth is also prohibited.
Chemical Inventory

Every laboratory must have an up-to-date chemical inventory, which lists the chemicals held and approximate (or maximum) quantities. For each chemical, a summary of the risk phrases or hazard statements associated with it should also be noted, and also the reference to any additional special risk assessment if required (e.g. checking that a chemical is kept moist, or that it is stored under paraffin or whether it has a use-by date etc.)  This can either be a paper based or an electronic system.

General Chemical Handling
The researcher must become familiar, with reference to pertinent literature and in consultation with their supervisor, with the hazards (which are the properties that have potential to cause harm) involved in handling the specific chemical compounds required for their research. Useful sources of information for specific compounds are the Materials Safety Data Sheets (MSDS) (which will soon be renamed just as Safety Data Sheets  (SDS), exposure scenarios from the suppliers, and specific collections, e.g. The Sigma-Aldrich Library of Chemical Safety Data. More detailed information about chemical incompatibilities can be found in Brethericks Handbook of Reactive Chemical Hazards, 7th Edition, Bretherick, L, Elsevier; ISBN 0123725631, a copy of which is in G.22, and it is also available as an e-resource in the John Rylands University Library.
(Materials) Safety Data Sheets {(M)SDS} can be downloaded free of charge from the manufacturers websites. 
New legislation

At the time of writing, (September 2009) the United Kingdom is in the phased-in implementation period of two new European Regulations concerned with chemical safety. As a result of the REACH (Registration, Evaluation, Authorisation and Restriction of Chemical substances) Regulation, manufacturers will be reviewing the information provided on the safety data sheets and also including chemical exposure scenarios for pre-agreed uses of chemicals. Also as a result of this Regulation, Materials Safety Data Sheets (MSDS) become Safety Data Sheets (SDS) which will be unique to the chemical and have the same information regardless of manufacturer or supplier. Please therefore, ensure that you are using the most recent version of the (M)SDS when making and reviewing your assessments. The second Regulation concerns the Classification, Labelling and Packaging of chemical substances and mixtures and essentially adopts the globally harmonised system of describing the physical properties, health and environmental effects of chemicals and mixtures and how to handle them safely. When this Regulation is fully implemented, the Chemicals (Hazard Information and Packaging for Supply) Regulations will be repealed by the UK Parliament. In summary, Risk and Safety phrases will be replaced by Hazard and Precautionary statements respectively, which generally provide more information than the existing R and S phrases, and the hazard warning symbols, instead of being orange diamonds with black pictograms will become red edged white diamonds with black pictograms. Also on the label will be signal words (danger for the most severe hazard categories or warning for the less severe hazard categories). 
The hazards posed by the chemicals are summarised in the (M)SDS by risk phrases (R – phrases) (Appendix 1a) and/or Hazard statements (H-statements) (Appendix 1b). Instructions about safe handling of the chemicals safely are given by the safety phrases (S – phrases) (Appendix 2a) and/or Precautionary statements (P-statements) (Appendix 2b) which are appended to this document.  A glossary (Appendix 3) of terms used to describe these hazards is also appended to this document.

Chemical Risk Assessment

A Chemical Risk Assessment (CRA) must be completed before any work with chemical substances is carried out. (See chemistry intranet for a completed example of a CRA, guidance notes and blank form for download and use). The first part of the assessment concerns the effect that the substance(s) can have on the health of living organisms, (e.g. toxic, corrosive etc.) and is required under the Control of Substances Hazardous to Health (COSHH) Regulations). The second part assesses the risk caused by the physical properties of the substances being used (e.g. flammability, explosivity etc.), required under the Dangerous Substances and Explosive Atmospheres Regulations (DSEAR) for substances with R- phrases R1-R19 inclusive, R30 and R44 or H2** (see unstable and highly reactive compounds). The chemical risk assessments must be completed and signed by both researcher and supervisor before any reactions are carried out. They must include all chemicals involved in the purification and work-up of your reaction. If your supervisor is not available or is away, seek out an alternate, responsible member of staff to check and countersign the assessments. 
Chemicals hazardous to health.

Chemical exposure occurs by one or more of the following:

· Inhalation of dusts and / or vapours breathed in through the mouth and nose which can affect the whole of the respiratory system, including the lungs.

· Absorption through skin, eyes or mucosal surfaces, from either vapour or direct contact with contaminated surfaces, e.g. benches, fume hood sashes, apparatus, floors and clothing including gloves and labcoats.

· Injection via contaminated needles, sharps or broken glass.

· Ingestion, accidentally from contaminated hands (nail biting), pen tops etc. or deliberately.
Protective measures are intended to prevent any contact with chemicals through the lungs, eyes, mouth, skin or mucosal surfaces.

Once in contact with the body, chemicals can have several different effects:

Local effects are confined to the specific areas of the body where contact with the chemical occurred, and these are often acute (immediate) effects, e.g. contact with a corrosive liquid will cause a burn in the area that was in contact with the chemical. The effects may be lessened and the body can repair itself after the contact with the chemical has been broken.
Systemic effects are when the effects of the contact occur in a different organ than the original area of contact, e.g. lead fume that has been inhaled (lungs), will eventually affect the central nervous system. These effects are often long term (chronic) and irreversible.

Inhalation is regarded as potentially the most dangerous route of exposure as it can cause immediate response, e.g. chlorine; allergic responses, e.g. phthalates; and systematic poisoning, e.g. lead, cadmium, benzene. The quantity of chemical contaminant in a laboratory worker’s breathing zone must be controlled and kept at a minimum. 

For many substances, limits of exposure have been identified and are listed in the Health and Safety Executive Guidance Note EH 40 ‘Occupational Exposure Limits.’

A Workplace Exposure Limit (WEL) is the maximum concentration of an airborne substance averaged over a reference period to which employees may be exposed by inhalation. The reference periods are averaged over 8 hours (Long Term) or 15 minutes (Short Term).
Provided experiments are carried out in fume hoods with adequate extract flow rates, and that are used in accordance with the Procedures and Methods Sheet 022, atmospheric monitoring should not normally be necessary. If, however, monitoring is required, please contact the SSA.

Other handling precautions: (See also the generic risk assessment for general laboratory activities)
1) Ensure all chemical samples and containers are labelled with the chemical name, any hazard warnings, quantity, researchers name and the date on which the sample was made.
2) Do not store chemicals that are incompatible together.

3) Keep chemical containers closed when not in use.

4) Ensure fridges, freezers, cupboards that contain chemicals display appropriate hazard warning labels.

5) Use a fume cupboard to prevent inhalation of gases, vapours and dusts (see Procedures and Methods Sheet 022 on the correct use of fume hoods), even for activities such as weighing out toxic chemicals. Pull the sash of the fume hood down when transferring/weighing toxic materials in order to minimise contamination of the laboratory. Always wear a buttoned up laboratory coat when handling such materials.

6) Chemicals which have not been assessed for toxicological properties should be regarded as toxic unless there is evidence to indicate otherwise.

7) If there is uncertainty as to the thermal stability /shock sensitivity of the compound, use an additional safety shield between the sample and the sash of the fume cupboard.
8) In certain cases, e.g. when using pyrophoric reagents (see Unstable and Highly Reactive Compounds), weighing and transfer should be conducted under an inert atmosphere in a glove bag, glove box or equivalent.

9) If there is a danger from skin absorbance or contact, use appropriate gloves to prevent contact on the hands (gloves must be selected with care – no one glove material will protect against all chemicals – consult the glove manufacturers websites for charts to aid in the selection of the correct one). A helpful website can be found from the following URL: http://www.ansellpro.com/download/Ansell_7thEditionChemicalResistanceGuide
10) Consider, as part of the risk assessment process, suitable emergency equipment and ensure it is available.

11) If any adverse effects are noted, get immediate medical advice.

12) Consider others who may be affected by the chemicals that you are using (e.g. cleaners, contractors, window cleaners, co-workers).

13) Inform colleagues of the substance(s) in use if they are extremely hazardous (e.g. azides, or extremely toxic, e.g. cyanides – this is not an exhaustive list).

14) Do not carry out laboratory experiments when you are in the laboratory on your own

15) Ensure that the proper arrangements are followed for the decontamination of equipment and waste disposal.

16) Anyone who feels that they have been exposed to a substance that is harming their health should seek advice initially from the SSA who will, if necessary arrange a referral to the University Occupational Physician.

Dangerous Substance and Explosive Atmospheres Regulations
Highly Reactive Compounds
When chemicals or chemical reactions cause the release of energy at a rate too great to be dissipated by the immediate environment an explosion occurs. Some substances are inherently unstable and can detonate under certain conditions of temperature and pressure, e.g. acetylene, and carbon disulphide. Other substances can detonate as a result of shock, friction, heat (e.g. organic peroxides) or contamination. Unstable substances can also be formed during chemical operations or prolonged storage (e.g. the formation of peroxides in ethers, alcohols and aldehydes not treated with an inhibiting agent). Thus, chemicals that are prone to peroxidation must not be kept for long periods once they have been opened. 
Use of chemicals with risk phrases R1-R19 inclusive, R30 and R44 or Hazard statements beginning with H2** require assessment under the Dangerous Substances and Explosive Atmospheres Regulations (DSEAR).
Bought-in chemicals that are explosive or pyrophoric must be stored in accordance with the guidance given in the (M)SDS. It is also good practice to inspect all such materials on receipt for signs of damage or decomposition, and periodically thereafter.

Some substances can be stored safely at normal room temperature, but may start to decompose at higher temperatures, thus these substances must not be stored in direct sunlight. Other materials will be better stored in controlled temperature rooms, refrigerators or freezers. All chemicals in these storage facilities must be properly labelled with the chemical name, hazard information, researchers name, quantity and date. Hazard warnings outside of the facility storing these chemicals must also be in place. Regular checks are needed to monitor the temperature in these areas as any malfunction could increase the rate of decomposition (these checks need to be recorded). Also, storing materials at too low a temperature can increase the risk if the substance can separate from solution by crystallisation. 
Some reactive and unstable compounds are supplied covered by water or solvent, which should be checked frequently to ensure they are topped up (e.g. picric acid, alkali metals in light paraffin). This inspection frequency needs to be formally documented in a risk assessment for storing these compounds. It is also good practice when dealing with these substances to ensure that the outer rim of the containers are wiped to remove any smears of the unstable compound prior to closing the container to prevent any residues drying out and exploding next time the bottle is opened. The procedures required to ensure safe storage and maintenance of these substances must be established after adequate risk assessment, training and supervision.
When highly reactive and unstable compounds are synthesised in house as part of a reaction sequence, the quantities synthesised must always be kept to a minimum and they should be used immediately rather than being stored.
Best practice when using perchloric acid and its salts is to carry out operations in a fume hood fitted with an automatic fire suppression system and to have a water wash-down in the hood and ductwork. The use of these chemicals can result in the hood itself and the associated extract ductwork containing significant amounts of residue, thus special precautions must be taken when inspecting or maintaining the ducting in order to prevent explosion. Other highly reactive, unstable or highly flammable materials must be used in a fume hood fitted with a firetrace fire suppression system.
Any explosive or pyrophoric substances or materials which are surplus to requirements or which can no longer be kept safely must be disposed of in a timely and safe manner. The manufacturer’s advice on disposal of these materials must be kept readily available for use in an emergency.

The use of highly reactive chemicals requires careful planning beforehand to minimise the foreseeable risks and to identify measures to provide adequate protection to people, facilities and environment. Most accidents caused by the use of highly reactive chemicals are due to a lack of awareness of their physical properties and the effects of physiochemical factors upon the kinetics of the reaction system.
Factors that can affect the kinetics of the reaction, and which must be considered when making the assessment include the following:

1) Quality of the materials used (impurities can add uncertainty).

2) Temperature control and measurement (for exothermic reactions consider how much heat is likely to be produced and from there make the decision as to cooling methods and or media). Temperature will also affect the concentration of chemical in the atmosphere which could alter its flammable/explosive range.

3) Proportions and quantities of reagents and solvents used.

4) Reaction vessel size (surface area/volume ratio for cooling and stirring methods).

5) Rate of addition of reagents.

6) Degree of agitation [consider the type of agitation – mechanical (profile of paddle/blade, material of paddle/blade, means of propulsion {electricity, compressed air}); magnetic (dimensions, profile, material)].

7) Control of reaction pressure.

8) Any assessments must also be reconsidered upon changes of scale, as all factors 2 – 7 may change when up or downsizing reaction quantities.

Assessment of a reactive hazard should be based on the overall composition and structure of the materials involved and knowledge of previous examples of similar reactions. Reactions involving the risk of violent deflagration, explosion or detonation should, where possible, be avoided. If essential, the quantities of chemicals used must be minimised to as low a level as practicable and appropriate protective measures must be discussed and agreed in writing, between the researcher, supervisor and SSA.
Extremely Flammable and Highly Flammable liquids

The use of Extremely Flammable and Highly Flammable liquids (please see also the Procedures and Methods Sheet 006, Solvents) need to be considered in the Chemical Risk Assessment. However, guidance from the Health and Safety Executive indicates that if concentrations of chemicals in breathing zones are controlled to safe levels for health, then the levels will be far below the levels at which an explosive atmosphere exists. Indeed, for most laboratory operations, (flammable materials stores excepted) there is no tradition of hazardous area classification  (Appendix 4) or using ignition-protected equipment (other than spark-proofed fridges and freezers) and the risks are usually controlled in other ways. 
Storage

The maximum quantity for storage of Highly Flammable liquid in internal areas is 50L in any work area and 250 L of Flammable liquid. The maximum permitted size of vessel being stored on the bench is 500ml.

Spillage

Work on a very small scale, 50ml or less, can easily be mopped up or absorbed and if it ignites, so long as there is no rapid fire spread, it could burn out before action could be taken to control it and before much damage was done. It would, however be prudent to avoid naked flames or powerful ignition sources. If the release of flammables is deliberate, e.g. due to generation of an evaporated film, use of a fume cupboard is advised.
Work on a medium scale, using no more than 2.5l Highly Flammable liquids could cause a flammable atmosphere following a spill of up to a metre radius that would extend for a small distance vertically above the spill. There is a major risk of ignition which could cause significant injury or property damage. There would be added risks if the spill entered the drains, with a possibility of a flammable atmosphere in an enclosed space.
It is essential to avoid direct heating from naked flames, but a greater risk probably comes from standard electrical laboratory equipment, for which there are no intrinsically safe alternatives. Thus, good handling techniques are required to minimise spills, with appropriate use of funnels, measuring cylinders, syringes etc. Equipment should be securely clamped or supported with no loose joints (see the Generic Laboratory Risk assessment for best practice) and trays used to contain spills. Electrical equipment should be stored far enough away so it is out of splashing range, and other equipment and chemicals be positioned out of range. Provided proper precautions are taken, work doesn’t exceed the scale mentioned and storage quantities fall within the ranges specified above and good laboratory practice is observed, it is unlikely that a specific hazard zoning area needs to be designated within a laboratory.
Syringes and Cannulae

1. When using syringes and cannulae to transfer reactive/unstable intermediates stored under inert gas in ‘sure seal’ storage containers be certain to repressurise the container with the same inert gas.

2. Be careful when bending cannulae and syringe needles; cracks or pinholes may develop which can then admit air or moisture into a reaction mixture.

3. Care must be exercised when using syringes in the transfer of volatile liquids, (e.g. methyl iodide) into a reaction flask; prior cooling of the syringe barrel and needle may be required.

4. When the transfer is complete wash out the syringe and needle carefully. If reactive species such as alkyl lithiums, aluminium hydrides etc.(or malodorous compounds) have been transferred, remove the barrel from the syringe before carefully placing the syringe into an excess of a suitable quenching agent (see P&M012).

5. Note that whilst plastic syringes are less prone to breaking than glass ones, some disposable plastic syringes may react with some solvents or reagents. Please consider this when selecting the syringe.

6. When disposing of old syringes and needles do so in the proper sharps bins which are obtainable from Stores. When full, these bins should be returned to solvent stores for correct disposal.

7. In the event of a needlestick injury, the best immediate response is usually to allow the injury to bleed and place it under the cold water tap. Seek advice as soon as possible from a qualified first-aider.
Flammable Gases (see also Procedures and Methods Sheet 005, compressed gases)
The main hazard posed by cylinders of flammable gas is from leaks that are undetected but which will persist until remedial action is taken. However these may remain undetected for a significant period and are particularly hazardous due to the fact that:

Many gases are not odourised, and some may be lighter than air (e.g. hydrogen) or heavier than air (e.g. propane).

Cylinder gases are at significantly higher pressures than mains gas.
The use of temporary connections, which may be unsuitable, flexible tubing (rubber/plastic) is often used that fails with age and may be attached by the gas in question.

Equipment may fail due to over-pressurisation if the regulator is wrongly adjusted or not maintained, inspected or tested.

Cylinders of flammable gases may be associated with communal or little-used equipment.

In order to minimise the risks, all users must go on the University Gas Safety Course or be attentively supervised by someone who has verifiably been on this course.

· All cylinder and tubing connections must be leak tested before every use.

· All tubing should be visually inspected for cracks, degradation and discolouration and be replaced if these are evident.
· The experiment must be accompanied whilst the flammable gas cylinder is being used.

· The cylinder and regulator must be turned off when the gas is not required. 

· There must be a flammable gas sign displayed on the lab door and any exhaust ventilation must be directed into a fume hood.

· No naked flames must be used in the vicinity.

· The quantity of electrical equipment and chemicals in the area must be kept to a minimum.

For certain items of equipment (e.g. atomic absorbance spectroscopy) which require the use of naked flames and flammable gas, a detailed risk assessment must be completed and all operators of such equipment must be trained in its use.
Researcher signed ………………………. Supervisor signed ……………………………

Researcher name ………………………... Supervisor name ……………………………..

Date ………………….

Appendix 1a.  R-Phrases (combinations of particular risks are also possible)                                                                                                                                       
R1
Explosive when dry

R2
Risk of explosion by shock, friction, fire or other sources of ignition

R3
Extreme risk of explosion by shock, friction, fire or other sources of ignition

R4
Forms very sensitive explosive metallic compounds

R5
Heating may cause an explosion

R6
Explosive with or without contact with air

R7
May cause fire

R8
Contact with combustible material may cause fire

R9
Explosive when mixed with combustible material

R10
Flammable

R11
Highly flammable

R12
Extremely flammable

R14
Reacts violently with water

R15
Contact with water liberates extremely flammable gases

R16
Explosive when mixed with oxidizing substances

R17
Spontaneously flammable in air

R18
In use, may form flammable/explosive vapour-air mixture

R19
May form explosive peroxides

R20
Harmful by inhalation

R21
Harmful in contact with skin

R22
Harmful if swallowed

R23
Toxic by inhalation

R24
Toxic in contact with skin

R25
Toxic if swallowed

R26
Very toxic by inhalation

R27
Very toxic in contact with skin

R28
Very toxic if swallowed

R29
Contact with water liberates toxic gas

R30
Can become highly flammable in use

R31
Contact with acids liberates toxic gas

R32
Contact with acids liberates very toxic gas

R33
Danger of cumulative effects

R34
Causes burns

R35 
Causes severe burns

R36
Irritating to eyes

R37
Irritating to respiratory system

R38
Irritating to skin

R39
Danger of very serious irreversible effects

R40
Limited evidence of carcinogenic effect

R41
Risk of serious damage to eyes

R42
May cause sensitization by inhalation

R43
May cause sensitization by skin contact

R44
Risk of explosion if heated under confinement

R45
May cause cancer

R46
May cause heritable genetic damage

R48
Danger of serious damage to health by prolonged exposure

R49
May cause cancer by inhalation

R50
Very toxic to aquatic organisms

R51
Toxic to aquatic organisms

R52
Harmful to aquatic organisms

R53
May cause long term adverse effects in the aquatic environment

R54
Toxic to flora

R55
Toxic to fauna

R56
Toxic to soil organisms

R57
Toxic to bees

R58
May cause long-term adverse effects in the environment

R59
Dangerous for the ozone layer

R60
May impair fertility

R61
may cause harm to the unborn child

R62
Possible risk of impaired fertility

R63
possible risk of harm to the unborn child

R64
May cause harm to breastfed babies

R65
Harmful: may cause lung damage if swallowed

R66
Repeated exposure may cause skin dryness or cracking

R67
Vapours may cause drowsiness or dizziness

R68
Possible risk of irreversible effects

Appendix 1b. Hazard Statements and comparable R-Phrases

	Code
	Statement
	Comparable R Phrase

	 
	EUH0** Special EU Supplementary General Physical Hazard Statements
	 

	EUH001
	Explosive when dry
	R1

	EUH006
	Explosive with or without contact with air
	R6

	EUH014
	Reacts violently with water
	R14

	EUH018
	In use, may form flammable/explosive vapour-air mixture
	R18

	EUH019
	May for explosive peroxides
	R19

	EUH029
	Contact with water liberates toxic gas
	R29

	EUH030
	Can become highly flammable in use
	R30

	EUH031
	Contact with acids liberates toxic gas
	R31

	EUH032
	Contact with acids liberates very toxic gas
	R32

	EUH044
	Risk of explosion if heated under confinement
	R44

	EUH059
	Hazardous to the ozone layer
	R59

	EUH066
	Repeated exposure may cause skin dryness or cracking
	R66

	EUH070
	Toxic by eye contact
	R39-41

	EUH071
	Corrosive to the respiratory tract
	 

	
	
	

	 
	EUH2** Special EU rules for supplemental label elements for certain substances or mixtures
	 

	EUH201
	Contains lead. Should not be used on surfaces liable to be chewed or sucked by children
	 

	EUH202
	Cyanoacrylate. Danger. Bonds skin and eyes in seconds. Keep out of the reach of children
	 

	EUH203
	Contains Chromium (VI). May produce an allergic reaction
	 

	EUH204
	Contains isocyanates. See information supplied by the manufacturer
	 

	EUH205
	Contains epoxy constituents. See information supplied by the manufacturer
	 

	EUH206 
	Warning! Do not use together with other products. May release dangerous gases (chlorine)
	 

	EUH207
	Warning! Contains cadmium. Dangerous fumes are formed during use. See information supplied by the manufacturer. Comply with the safety instructions
	 

	EUH208
	Contains (name of sensitizing substance). May produce an allergic reaction
	 

	EUH209
	Can become highly flammable in use or Can become flammable in use
	 

	EUH210
	Safety data sheet available on request
	 

	
	
	

	 
	H2** Physical Hazard Statements
	 

	H200
	Unstable explosives
	 

	H201
	Explosive; mass explosion hazard
	 

	H202
	Explosive, severe projection hazard
	 

	H203
	Explosive; fire, blast or projection hazard
	 

	H204
	Fire or projection hazard
	 

	Code
	Statement
	Comparable R Phrase

	H 205
	May mass explode in fire
	 

	H220
	Extremely flammable gas
	R12

	H221
	Flammable gas
	R10

	H222
	Extremely flammable aerosol
	R12

	H223
	Flammable aerosol
	R10

	H224
	Extremely flammable liquid and vapour
	R12

	H225
	Highly flammable liquid and vapour
	R11

	H226
	Flammable liquid and vapour
	R10

	H228
	Flammable solid
	R10

	H240
	Heating may cause an explosion
	R5

	H241
	Heating may cause fire or explosion
	R5, R7

	H242
	Heating may cause a fire
	R7, R12

	H250
	Catches fire spontaneously if exposed to air
	R17

	H251
	Self heating: may catch fire
	 

	H252
	Self heating in large quantities: may catch fire
	 

	H260
	In contact with water releases flammable gases which may ignite spontaneously
	R15-17

	H261
	In contact with water releases flammable gas
	R15

	H270
	May cause or intensify fire; oxidizer
	R8

	H271
	May cause fire or explosion; strong oxidizer
	R9

	H272
	May intensify fire; oxidizer
	 

	H280
	Contains gas under pressure; may explode if heated
	 

	H281
	Contains refrigerated gas; may cause cryogenic burns or injury
	 

	H290
	May be corrosive to metals
	 

	
	
	

	 
	H3** Health Hazard Statements
	 

	H300
	Fatal if swallowed
	R28

	H301
	Toxic if swallowed
	R25

	H302
	Harmful if swallowed
	R22

	H304
	May be fatal if swallowed and enters airways
	R65

	H310
	Fatal in contact with skin
	R27

	H311
	Toxic in contact with skin
	R24

	H312
	Harmful in contact with skin
	R21

	H314
	Causes severe skin burns and eye damage
	R34, R35

	H315
	Causes skin irritation
	R38

	H317
	May cause an allergic skin reaction
	R43

	H318
	Causes serious eye damage
	R41

	H319
	Causes serious eye irritation
	R36

	H330
	Fatal if inhaled
	R26

	H331
	Toxic if inhaled
	R23

	H332
	Harmful if inhaled
	R20

	H334
	May cause allergy or asthma symptoms or breathing difficulties if inhaled
	R42

	H335
	May cause respiratory irritation
	R37

	H336
	May cause drowsiness or dizziness
	R67

	H340
	May cause genetic defects (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R46

	Code
	Statement
	Comparable R Phrase

	H341
	Suspected of causing genetic effects (state route of exposure if it is conclusively proven that no other routes of exposure can cause the hazard)
	R68

	H350
	May cause cancer (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R45

	H350i
	May cause cancer by inhalation
	R49

	H351
	Suspected of causing cancer (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R40

	H360
	May damage fertility (H360F) or the unborn child (H360D) (state specific effect if known) (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R60 (H360F), R61 (H360D)

	H361
	Suspected of damaging fertility (H361f)  or the unborn child (361f) (state specific effect if known) ( state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R62 (H361f), R63 (H361d)

	H362
	May cause harm to breast fed children
	R64

	H370
	Causes damage to organs (or state all organs affected, if known) (state route of exposure if it is conclusively proven that no othere routes of exposure cause the hazard)
	R39/23, R39/24, R39/25, R39/26, R39/27, R39/28

	H371
	May cause damage to organs (or state all organs affected, if known) (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R68/20, R68/21, R68/22

	H372
	Cases damage to organs (or state all organs affected, if known) through prolonged or repeated exposure (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R48/23, R48/24, R48/25

	H373
	May cause damage to organs (or state all organs affected, if known) through prolonged or repeated exposure (state route of exposure if it is conclusively proven that no other routes of exposure cause the hazard)
	R48/20, R48/21R48/22

	
	
	

	 
	H4** Environmental Hazard Statements
	 

	
	
	

	H400
	Very toxic to aquatic life
	R50

	H401
	To avoid risks to human health and the environment, comply with the instructions for use
	 

	H410
	Very toxic to aquatic life with long lasting effects
	R53

	H411
	Toxic to aquatic life with long lasting effects
	R51-53

	H412
	Harmful to aquatic life with long lasting effects
	R52-53

	H413
	May cause long lasting harmful effects to aquatic life
	R53


Appendix 2a. Safety Phrases

S1
Keep locked up

S2
Keep out of reach of children

S3
Keep in a cool place

S4
Keep away from living quarters

S5
Keep contents under….. (appropriate liquid to be specified by manufacturer)

S6
Keep under….. (inert gas to be specified by manufacturer)

S7
Keep container tightly closed

S8
Keep container dry

S9
Keep container in a well ventilated place

S12
Do not keep container sealed

S13 
Keep away from food, drink and animal feedstuffs

S14
Keep away from ….. (incompatible materials to be indicated by the manufacturer)
S14a
Keep away from acids, alkalis, heavy metal salts and reducing substances

S14b
Keep away from reducing substances (e.g. amines), acids, alkalis and heavy metal   compounds (e.g. activators, drying agents, metallic soaps)

S15
 Keep away from heat

S16
Keep away from sources of ignition – no smoking

S17
Keep away from combustible material

S18
Handle and open container with care

S20
When using do not eat or drink

S21
When using do not smoke

S22
Do not breathe dust

S23
Do not breathe gas/fumes/vapour/spray (appropriate wording to be specified by the manufacturer)

S23a
Do not breathe vapour/aerosol

S23b 
Do not breathe gas/vapour

S23c
Do not breathe gas/vapour/aerosol

S23d
Do not breathe vapour

S23e
Do not breathe aerosol
S23f
Do not breathe gas

S23g
Do not breathe smoke

S24
Avoid contact with skin

S25
Avoid contact with eyes

S26
In case of contact with eyes, rinse immediately with plenty of water and seek medical advice

S27
Take off all contaminated clothing immediately

S28
After contact with skin, wash immediately with plenty of….. (to be specified by the manufacturer)

S28a
After contact with skin, wash immediately with plenty of water

S28b
After contact with skin, wash immediately with plenty of water and soap

S28c
After contact with skin, wash immediately with acetic acid 3% and plenty of water

S28d
After contact with skin, wash immediately with polyethylene glycol, followed by plenty of water

S28e
After contact with skin, wash immediately with polyethylene glycol, followed by plenty of water

S28f
After contact with skin, wash immediately with plenty of a 1:1 solution of polyethylene glycol:ethanol
S28g
After contact with skin, wash immediately with plenty of cuprous sulphate solution, 2%

S28h 
After contact with skin, wash immediately with plenty of lutrol

S28i
After contact with skin, wash immediately with plenty of propylene glycol

S28j
After contact with skin, wash immediately with plenty of propylene glycol 400 (Roticlean)

S29
Do not empty into drains

S30
Never add water to this product

S33
Take precautionary measures against static discharges

S35
This material and its container must be disposed of in a safe way

S36
Wear suitable protective clothing

S37
Wear suitable gloves

S38 
In case of insufficient ventilation wear suitable respiratory equipment

S39
Wear eye/face protection

S40 
To clean the floor and all objects contaminated by this material, use….. (to be specified by the manufacturer)

S40a
To clean the floor and all objects contaminated by this material, use plenty of water

S40b
To clean the floor and all objects contaminated by this material, use diluted alkaline solution

S40c
To clean the floor and all objects contaminated by this material, use iodized active carbon

S41
In case of fire or explosion do not breathe fumes
S42
During fumigation/spraying wear suitable respiratory protective equipment (appropriate wording to be specified by the manufacturer).

S42a
During fumigation wear suitable respiratory equipment

S42b
During spraying use suitable respiratory equipment

S43
In case of fire, use….. (in the space indicate the precise type of fire fighting equipment. If water increases the risk, add ‘Never use water’)

S43a 
For extinguishing, use sand, earth, powder or foam

S43b
Never use water

S45
In case of accident or if you feel unwell, seek medical advice immediately (show the label where possible)

S46
If swallowed, seek medical advice immediately and show this container or label

S47
Keep at a temperature not exceeding…oC (to be specified by the manufacturer)

S48
Keep wet with….. (appropriate material to be specified by manufacturer)

S48a
Keep wet with water

S49
Keep only in the original container

S50
Do not mix with….. (to be specified by manufacturer)

S50a
Do not mix with peroxide activators and reducing agents

S50b
Do not mix with acids

S50c
Do not mix with alkali

S50d 
Do not mix with other chemicals

S51
Use in only well ventilated areas

S52
Not recommended for interior use on large surface areas

S53
Avoid exposure – obtain special instructions before use

S56
Dispose of this material and its container to hazardous or special waste collection point

S57
Use appropriate container to avoid environmental contamination

S59
Refer to manufacturer/supplier for information on recovery/recycling

S60
This material and its container must be disposed of as hazardous waste

S61
 Avoid release to the environment. Refer to special instructions/safety data sheets

S62
If swallowed, do not induce vomiting;seek medical advice immediately and show this container or label

S63
In case of accident by inhalation; remove casualty to fresh air and keep at rest

S64
If swallowed, and person is conscious, rinse mouth with water

Appendix 2b. Precautionary Statements
	Code
	Statement
	Comparable S Phrase

	 
	P1** General Precautionary Statements
	 

	P101
	If medical advice is needed, have product container or label at hand
	S45

	P102
	Keep out of reach of children
	 

	P103
	Read label before use
	 

	
	
	

	 
	P2** Prevention Precautionary Statements
	 

	P201
	Obtain special instructions before use
	 

	P202
	Do not handle until all safety precautions have been read and understood
	 

	P210
	Keep away from heat / sparks /  open flames / hot surfaces - No Smoking
	 

	P211
	Do not spray on an open flame or other ignition source
	 

	P220
	Keep / Store away from clothing/…/combustible materials
	 

	P221
	Take any precaution to avoid mixing with combustibles/..
	 

	P222
	Do not allow contact with air.
	 

	P223
	Keep away from possible contact with water, because of violent reaction and possible flash fire
	 

	P230
	Keep wetted with…
	S5

	P231
	Handle under inert gas
	S6

	P232
	Protect from moisture
	S8

	P233
	Keep container tightly closed
	S7

	P234
	Keep only in original container
	 

	P235
	Keep cool
	S3

	P240
	Ground / bond container and receiving equipment
	 

	P241
	Use explosion-proof electrical / ventilating / lighting equipment
	 

	P242
	Use only non-sparking tools
	 

	P243
	Take precautionary measures against static discharge
	S33

	P244
	Keep reduction valves free from grease or oil
	 

	P250
	Do not subject to grinding / shock / friction
	 

	P251
	Pressurized container: Do nor pierce or burn, even after use
	 

	P260
	Do not breathe dust / fume / gas / mist / vapour / spray
	S23

	P261
	Avoid breathing dust / fume / gas / mist / vapour / spray
	S24

	P262
	Do not get in eyes, on skin, or on clothing
	S25

	P263
	Avoid contact during pregnancy / while nursing
	 

	P264
	Wash thoroughly after handling
	S28

	P270
	Do not eat, drink or smoke when using this product
	S20-21

	P271
	Use only outdoors or in a well-ventilated area
	 

	P272
	Contaminated work clothing should not be allowed out of the work-place
	 

	P273
	Avoid release to the environment
	 

	P280
	Wear protective gloves / protective clothing / eye protection / face protection
	S36

	P281
	Use personal protective equipment as required
	 

	P282
	Wear cold insulating gloves / face shield / eye protection
	 

	P283
	Wear fire / flame resistant / retardant clothing
	 

	P284
	Wear respiratory protection
	 

	P285
	In case of inadequate ventilation wear respiratory protection
	S38

	Code
	Statement
	Comparable S Phrase

	 
	P3** Response Precautionary Statements
	 

	P301
	If swallowed:
	 

	P302
	If on skin:
	 

	P303
	If on skin (or hair)
	 

	P304
	If inhaled:
	 

	P305
	If in eyes:
	 

	P306
	If on clothing:
	 

	P307
	If exposed:
	 

	P308
	If exposed or concerned:
	 

	P309
	If exposed or if you feel unwell:
	 

	P310
	Immediately call a POISON CENTRE or doctor / physician
	 

	P311
	Call a POISON CENTRE or doctor / physician
	 

	P312
	Call a POISON CENTRE or doctor / physician if you feel unwell
	 

	P313
	Get medical advice / attention
	 

	P314
	Get medical advice / attention if you feel unwell
	S45

	P315
	Get immediate medical advice / attention
	 

	P320
	Specific treatment is urgent (see … on this label)
	 

	P321
	Specific treatment (see … on this label)
	 

	P322
	Specific measures (see … on this label)
	 

	P330
	Rinse mouth
	S64

	P331
	Do not induce vomiting
	 

	P332
	If skin irritation occurs:
	 

	P333
	If skin irritation or rash occurs:
	 

	P334
	Immerse in cool water / wrap in wet bandages
	 

	P335
	Brush off loose particles from skin
	 

	P336
	Thaw frosted parts with lukewarm water. Do not rub affected area.
	 

	P337
	If eye irritation persists:
	 

	P338
	Remove contact lenses, if present and easy to do so. Continue rinsing
	 

	P340
	Remove to fresh air and keep at rest in a position comfortable for breathing
	S63

	P341
	If breathing is difficult, remove to fresh air and keep at rest in a position comfortable for breathing
	 

	P342
	If experiencing respiratory symptoms:
	 

	P350
	Gently wash with plenty of soap and water
	 

	P351
	Rinse cautiously with water for several minutes
	S28

	P352
	Wash with plenty of soap and water
	 

	P353
	Rinse skin with water / shower
	 

	P360
	Rinse immediately contaminated clothing and skin with plenty of water before removing clothes
	 

	P361
	Remove / take off immediately all contaminated clothing
	S27

	P362
	Take off all contaminated clothing and wash before reuse
	 

	P363
	Wash contaminated clothing before reuse
	 

	P370
	In case of fire:
	 

	P371
	In case of major fire and large quantities:
	 

	P372
	Explosion risk in case of fire
	 

	P373
	DO NOT fight fire when fire reached explosives
	 

	Code
	Statement
	Comparable S Phrase

	P374
	Fight fire with normal precautions from a reasonable distance
	 

	P375
	Fight fire remotely due to the risk of explosion
	 

	P376
	Stop leak if safe to do so
	 

	P377
	Leaking gas fire: do not extinguish, unless leak can be stopped safely
	 

	P378
	Use … for extinction
	 

	P380
	Evacuate area
	 

	P381
	Eliminate all ignition sources if safe to do so
	 

	P390
	Absorb spillage to prevent material damage
	 

	P391
	Collect spillage
	 

	 
	 
	 

	 
	P4-- Storage Precautionary Statements
	 

	P401
	Store …
	 

	P402
	Store in a dry place
	S8

	P403
	Store in a well ventilated place
	S9

	P404
	Store in a closed container
	S7

	P405
	Store locked up
	S1

	P406
	Store in corrosive resistant / … container with a resistant inner liner
	 

	P407
	Maintain air gap between stacks / pallets
	 

	P410
	Protect from sunlight
	 

	P411
	Store at a temperature not exceeding … oC/ ..oF
	 

	P412
	Do not expose to temperatures exceeding 50 oC / 122 oF
	 

	P413
	Store bulk masses greater than …kg/ …lbs at temperatures not exceeding ..oC / oF
	 

	P420 
	Store away from other materials
	 

	P422
	Store contents under …
	 

	 
	 
	 

	 
	P5-- Disposal Precautionary Statements
	 

	P501
	Dispose of contents / container to …
	 


Appendix 3 Glossary of terms

	Term
	Meaning

	Carcinogen, carcinogenic
	May, if inhaled or penetrates the skin, induce uncontrolled cell division forming a tumour which is malignant (cancerous).

	Corrosive
	May destroy living tissues on contact and leaves burns.

	Deflagrate
	Burn with rapid flame

	Detonate
	Initiation of an explosion

	Explosive
	Reacts suddenly, unpredictably and very violently releasing a lot of energy in a short period of time.

	Flammable (also Extremely Flammable, Highly Flammable)
	Burns easily – see P and M sheet 006, Solvents for further detail.

	Harmful
	If inhaled, ingested or penetrates the skin will have an adverse effect on health.

	Irritant
	A non-corrosive substance which through immediate, prolonged or repeated contact with the skin or mucous membranes can cause inflammation.

	Lachrymator, lachrymatory
	A substance which promotes tear formation.

	Mutagen, mutagenic
	May cause inheritable genetic defects.

	Narcotic
	May induce drowsiness, sleep or stupor or altered mental state through its chemical properties.

	Oxidizing
	Chemical that reacts, or facilitates reaction with oxygen by losing electrons or facilitating loss of electrons.

	Peroxidisable
	Forms explosive peroxides.

	Pyrophoric
	Substance that spontaneously bursts into flames when exposed to air.

	Sensitizer
	May cause an allergic reaction if inhaled or in contact with the skin which will progressively worsen on further exposures.

	Teratogen, teratogenic
	Substance that interrupts or alters the normal development of an unborn child.

	Toxic (also Extremely toxic, Highly Toxic)
	If inhaled, ingested or penetrates the skin may involve extremely serious acute or chronic health risks and even death.


Hazardous Area Classification (Appendix 4)
Zone 0 – Explosive gas/air mixture is present continuously or for long periods

Zone 1 – Explosive gas/air mixture is likely to occur in normal operation (e.g.   crystallisation room, 3.26 in the Chemistry Building)

Zone 2 – Explosive gas/ait mixture is not likely to occur in normal operation but if it does it will only be for a short period (e.g. Chemistry Building Solvent Store)
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