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Appendix 4

School of the Environment and Society

Safety Rules and Codes of Practice for Work involving Chemicals & Physical Dangers 

This appendix covers work involving hazards associated with chemicals, gasses, pressure, temperature and cryogenics, centrifuges and UV light.

Separate appendices describe the use of radio isotopes and hydrofluoric acid.

This document contains the following sections:

Chemicals - handling and precautions

Fire and explosions
Chemical fire hazards
Carcinogens

Compatibility of chemicals
Using Hydroflouride – see Appendix 5
Toxic substances and vapours

Poisons, corrosives and irritants
Centrifuges
Cylinders of compressed and liquefied gases

Reduced pressure systems
High pressure systems

Compressed air
Cryogenics
Ultra-violet radiation
Chemicals - handling and precautions

Many chemicals are poisonous, corrosive or otherwise hazardous. Not everyone going into laboratories has adequate training to appreciate this fully. Therefore, for your own safety and that of others, see that all corrosive or poisonous materials are stored under safe conditions and properly labelled.

Fire and explosions
No chemicals, including residues on filter papers should be placed in waste bins. Fires due to spontaneous combustion in waste bins are more common than is generally realised and, as they may occur during the night, are particularly dangerous.

Burns and scalds can be received from a variety of sources, e.g., burners that have blown back, non-luminous flames, hot glass, tripods, solvent fires, clothing set alight, overheated electrical equipment, electrical flash, etc. ALL burns should receive medical or first-aid treatment, which in the first and most important moments means immediate and copious quantities of cold water for at least ten minutes if at all feasible.

Burners must be in a physically stable position, protected from draughts and remote from flammable materials, especially organic solvents. Rubber tubing should be in a good condition and protected from radiant heat.

Never heat flammable liquids with a naked flame

Electrical and electronic apparatus can initiate fires due to the overheating of cable and components, or by arc or spark discharges. Electric heaters and soldering irons can be a source of danger. Overheating is generally caused by allowing a component to pass a higher current than that for which it is rated. Ensure that circuits are correctly fused. In more permanent installations thermal cut-outs and RCDs  should be fitted.

If an electric motor, such as an overhead stirrer is stopped mechanically with the current flowing, overheating will occur.

Electrical/electronic instruments require adequate ventilation to prevent overheating and the danger of ignition of flammable gases and vapours by sparking at the commutators of electric motors should not be overlooked.

Chemical fire hazards
A number of commonly used organic solvents possess characteristics which combined produce a high degree of fire hazard.

Low flash-point. (Flash-point is defined as the minimum temperature at which the vapour of a liquid gives rise to an explosive mixture with air.)

The flash-point of some organic liquids widely used are:

Ethanol (ethyl alcohol)
+13(C

acetone
-18(C

carbon disulphide
-30(C

Ether (diethyl ether)
-45(C

petroleum ether (bp 30-40(C)
-51(C

Any of the last four solvents can produce a flammable atmosphere inside an ordinary refrigerator and should not be kept in one that is not guaranteed flash-proof.

Ease of Ignition of Vapour-Air Mixtures - the amount of electrical energy required to ignite vapour-air mixtures is small (of the order of 200 microjoules) and can be provided by static discharge, sparking of relay contacts or even the shorting of small dry batteries. 

Many solvent vapours can be ignited by contact with surfaces below red heat. Carbon disulphide is especially dangerous, as its vapour can be ignited by contact with a steam radiator or a hot electric light bulb. Diethyl ether has a self-ignition temperature of only 179(C.

Vapour drift. When working with volatile flammables (or other hazardous volatiles) remember that the vapour can drift with air-currents. 

High Density Vapours - Flammable vapours denser than air are particularly dangerous, collecting in the space between benches etc. and can creep along floors and benches for many metres providing a flammable or explosive train.

Solvent Vapours in Confined Spaces (e.g. refrigerators) - the following points should be borne in mind.

1) Only a small percentage of vapour is required to render an air/vapour mixture explosive. For ethanol, acetone, ether and carbon disulphide the required percentages are 2.3; 2.1; 1.2 and 1.0, respectively.

2) A small quantity of liquid can produce enough vapour to form an explosive mixture even in a large enclosure. For example, the evaporation of 5ml of benzene can produce an explosive atmosphere in a chamber of 3 cu ft in volume, e.g. a drying oven or a refrigerator. Spark proof refrigerators should be specified for laboratory use.

Flammable Gases - the explosive hazards of flammable gases such as hydrogen, methane, propane, etc. are similar to those of flammable vapours. Again, the wide limits of concentration for explosive gas/air mixtures and the ease of ignition are emphasised.

Particular care is required when acetylene is used, its ability to form shock sensitive acetylides with copper, silver and certain other metals enhancing the fire hazard.

Tetrahydrofuran has a tendency to explode when being refluxed - always use a fire screen.

Flammable Dusts and Finely Divided Metals Dust explosions are less likely to occur in laboratories than in industrial conditions but clouds of finely divided oxidisable materials, e.g., flour, coal-dust, sawdust, powdered metals, can be detonated in confined spaces, e.g., ventilation ducts.

Metals which are not readily ignited in massive form may become dangerously pyrophoric when finely powdered e.g., iron freshly reduced from the oxide, raney nickel, etc. 

Carcinogens
The risk of a tumour developing is, in general, proportional to the:-

a)
length and frequency of exposure,

b) concentration of the chemical,

c) chemical in question.

Cases have been reported where there had been exposure for only a few weeks. This fact emphasises the need to take stringent precautions to avoid exposure to these dangerous substances.
Exposure can occur from:

a) inhalation, e.g. the dust or vapour

b) 
absorption through the skin, e.g. possibly from contaminated clothing, benches, floor and apparatus

c) 
ingestion, e.g. from contaminated hands

d) 
through open wounds, e.g. small cuts.

Protective measures are thus intended to prevent any contact with the chemical through the lungs, mouth or skin.

Recommended Precautions When Handling Known or Potential Carcinogens

a) No neat carcinogen chemicals should be manipulated by intending B.Sc. or M.Sc. students. Diluted chemicals should only be used after consultation with the supervisor and completion of a COSSH form (see p 15).

b) All the listed substances should be labelled as CANCER HAZARD (Actual or Suspect).

c) The substances should always be kept in a closed container.

d) All persons likely to use these substances should be warned of the risks and told how to avoid them.

e) All persons using the substances should be warned that there is a risk that they may be absorbed through the skin. The substances should never, therefore, be allowed to get into contact with the skin.

f) If there is any accidental contact, the affected parts (including the eye) should immediately be washed in cold running water for at least 15 minutes.

g) Any operations involving the risk of vapour or dust formation should be carried out in a class 11 pharmaceutical grade safety cabinet.

h) Overalls should always be worn and should be changed after the experiment is completed. Rubber or plastic gloves when used should be well washed under cold running water.

i) If any spillage occurs on the overalls or shoes the clothes should immediately be changed and the skin well washed. If possible, a bath or shower should be taken.

j) Empty apparatus and storage jars should first be decontaminated, where possible, by inactivating the chemical and then rinsed out in cold water after use. Benches should be washed with cold water.

k) Even when these precautions have been followed, hands should be well rinsed after using these substances, with cold water first, before soap is used.

l) Impervious working bench surfaces are essential (there may be absorption into wood surfaces).

m) Contaminated clothing or towels should be decontaminated by inactivating the chemical or, if necessary they should be incinerated. All the preceding precautions should be taken in carrying out the safe disposal of waste materials containing the dangerous chemicals.

Compatibility of chemicals
Bringing incompatible materials into contact with one another may have serious consequences. The danger may arise when the reaction course of a planned experiment gets violently out of hand or when an incomplete assessment has been made of the possible reaction products. It may also arise as a consequence of careless or accidental mixing of incompatible materials, for example during the disposal of waste. Such hazards generally fall under three headings.

i)
uncontrolled release of heat,

ii)
emission of toxic fumes,

iii)
precipitation of unstable solids, leading to an explosion hazard.

Violent reactions - the following list, by no means exhaustive, indicates a number of hazardous materials or mixtures which can react suddenly and violently with little or no warning.

i)
Strong acids with strong bases.

ii)
Oxidising agents and (a) metal powders, (b) reducing agents.

iii)
Alkali metals and/or alkali earth metals with water, acids or chlorinated solvents; consequently, neither sodium nor potassium should be used for drying solvents such as chloroform or carbon tetrachloride.

iv)
Metal hydrides.

v)
Hydrocarbons with halogens, chromic acid or sodium peroxide.

vi)
Concentrated nitric acid, alcohol mixtures (reacts only after a latent period).

vii)
Liquid bromine.

viii)
Perchlorates. 

Using Hydroflouride – see Appendix 5

There are specific detailed rules and guidelines covering this activity.

Toxic substances and vapours

Toxic materials can enter the system via the lungs by inhalation, through open wounds, through the intact skin, or through the mouth (ingestion). Inhalation is a much greater hazard than ingestion. Because unhealed cuts present a direct entry to the blood stream for toxic agents they should always be covered by a waterproof plaster.

Poisons, corrosives and irritants
Many people working with chemicals, whilst sparing no effort to avoid cross-contamination of their reagents, disregard the possibility of poisoning the person by contamination. Too frequently long-term hazards are overlooked, particularly where cumulative poisons are concerned.

Major hazards exist with:

Carbon monoxide which is odourless; hydrogen sulphide, which causes olfactory fatigue; nitrous fumes, which may not produce symptoms until many hours after exposure; beryllium and its alloys, which, because of its extreme toxicity, is subject to statutory regulations; benzene, which attacks the blood forming organs, mercury and lead, which are cumulative poisons.

Among the corrosive chemicals special note should be taken of hydrogen fluoride, either liquid or in aqueous solution. Any contamination with either should ALWAYS be treated as serious. Wash off with copious amounts of water and get medical treatment immediately. NB. There is a delay of about 12 hours before the very painful effect of hydrogen fluoride contamination of the skin commences Note that there are local rules for the use and handling of hydrogen fluoride (See p nnn.). Intending users of HF must attend a course on the safe use of this material.

Do not overlook the fact that most organic solvents dissolve the protective secretions of the skin and that dermatitis, allergic reactions and even carcinoma can result from carelessness over a period of time depending upon the individual concerned.

Centrifuges
Always be sure that you are using the proper tubes or bottles; check that only one pad lies at the bottom of the bucket and ensure that the load is carefully balanced. If automatic protection is not provided, switch off and check immediately you notice any unusual noises or vibration.

Centrifuges can be very easily damaged and may be a source of danger when improperly used. Do not try to stop a centrifuge with the hand. The periphery of a rotor revolving at 5,000 rpm may be travelling at over 100mph.

All centrifuges have a safety lock to prevent the lid being opened during use. If this fails it must be reported immediately to the person in charge.

Cylinders of compressed and liquefied gases

Intending users of cylinders of compressed/liquefied/dissolved gases must attend a safety course on their safe use.

All large cylinders of liquefied or dissolved gases must be used in a vertical position in an approved stand or strap clamped to the wall or bench.

Do not allow familiarity with gas cylinders to breed contempt and so take unwarranted liberties with them, especially with regard to the regulating valves. Most accidents with gas cylinders are due to maltreatment.

If the reducing valve is suspected of being faulty, return it to the manufacturers for re-conditioning. Valves should be replaced after 5 years (less in some instances). Newer ones will have the date of manufacture stamped on them. For further information contact the University Safety Officer.

Stiff valves should be treated cautiously. It should be possible to open the valve by hand pressure using the standard key. Do not use hammers or excessive leverage. Cylinders with stiff valves should be made safe and returned unused to the supplier with an explanatory note. Cylinder valves should always be tested in the open or in a well-ventilated area before being taken into a laboratory. Always blow foreign matter from the outlet before putting the regulator valve on.

Cylinders, valves, pressure reducers, gauges, etc. for combustible gases have outlets and fittings screwed with a left-hand thread. Those for non-combustible gases are screwed with a right-hand thread.

All low-pressure connections should be made secure by the use of such items as "jubilee" clips.

Never empty a cylinder completely, but leave it with a slight positive pressure (say two atmospheres) and the valve closed to prevent diffusion of air into the cylinder. This is especially important with flammable gases. When a cylinder is empty mark it clearly and unambiguously.

In all installations the cylinder key should be made captive to the cylinder pressure gauges to facilitate rapid cut-off in an emergency.

Acetylene, hydrogen and oxygen gas cylinders must be fitted with flashback arrestors.

Explosions have been caused by the too rapid opening of the valve resulting in compression heating in the regulator. Oxygen cylinders are prone to this type of accident. Never use grease or oil in oxygen cylinder valves. Never use oxygen cylinders in unventilated corners.

Types of cylinder gases:

1)
'Permanent' gases (gases with critical temperatures below room temperature), e.g., oxygen, nitrogen, carbon monoxide, methane.

2) Liquefied gases, e.g., ammonia, carbon dioxide, sulphur dioxide, chlorine, ethene (ethylene) nitrous oxide, chloromethane (methyl chloride).

3)
Dissolved gases. The only example likely to be encountered is acetylene (ethyne), which is dissolved in acetone which is itself absorbed in kieselguhr.

Identification of gas cylinders
The only legally recognised means of identifying a gas cylinder is the written word - colours are merely a secondary guide. Cylinders of gas for medical use are painted differently from those for industrial use.

Specific cylinder gases
Oxygen - more than half the accidents due to compressed gases are caused by oxygen. Oxygen enriched atmospheres increase the fire risk enormously, e.g., if the oxygen content of the atmosphere is increased from 21% to 24% clothing burns rapidly instead of smouldering.

Acetylene (Ethyne) - only approved regulating valves may be used and no pipe fitting of copper or alloy of copper containing more than 70% copper may be used for dry acetylene, to avoid the danger of acetylides forming.

With moist acetylene, explosive corrosion products can result where even low copper content alloys are used and traces of mineral acid enhance the formation of explosive acetylides. The pressure in any piped acetylene system must never exceed 9 lb/sq in above atmospheric pressure to avoid the risk of explosion. The system must be fitted with a flame arrestor (flashback arrestor) and, if other gases are involved, non-return valves must be used.

The explosive limits for acetylene are:


in air, 2‑82%
(lower‑upper)


in oxygen, 2‑93%
(lower‑upper).

Note - a heavy blow on an acetylene cylinder can ignite the contents as a result of adiabatic compression.

Propane - the explosion limits of this heavier than air gas are:


in air, 2‑10%
(lower‑upper)


in oxygen, 2‑93% 
(lower‑upper).

Hydrogen - the combustion limits are:


in air, 2‑75%
(lower‑upper)


in oxygen, 4‑94% 
(lower‑upper).

Note -too rapid opening of a valve can cause ignition due to static electricity. Flashback arrestors must be fitted.

Carbon Monoxide - this is a highly toxic, completely odourless, inflammable gas. The lower and upper explosion limits in air are 12.5% and 74.2%, respectively. The maximum permissible concentration in air is 100ppm. It is dangerous to breathe air containing 1600 ppm for an hour. 10000 ppm (1.0%) in air will cause death in 1-4 minutes. Symptoms of carbon monoxide poisoning include headache, nausea, weakness or collapse. Loss of power in the legs, preventing escape from the dangerous atmosphere, may be the first indication of danger and the onset of symptoms may be followed by collapse in a matter of only a few seconds. A relatively long and severe exposure may result in long lasting mental and nervous disorders. A CO monitor is required for long term use.

Hydrogen Sulphide - is an extremely toxic gas. It has a readily perceptible odour in concentrations as little 0.77 ppm. The maximum permissible concentration is 20 ppm. 100 ppm paralyses the olfactory nerve so the gas can no longer be smelled. 700‑900 ppm rapidly produces unconsciousness. 5,000 ppm produces immediate unconsciousness due to paralysis of the respiratory centre.

Reduced pressure systems
Much vacuum apparatus is constructed of glass, although an increasing range of equipment made of plastic is now available, including vacuum desiccators.

When assembling glass vacuum apparatus always examine the equipment for stresses and strains.

As far as possible, vacuum apparatus should be protected against the effects of both implosion and explosion.

Always ensure that rubber bungs are large enough to resist being sucked into a vacuum vessel.

Ensure that stop-cocks are properly lubricated. No streaks in the grease should be visible in the stop-cocks. If there are such streaks dismantle stop-cock, clean and re-grease, otherwise the tap is liable to stiffness and will certainly leak.

Always operate stop-cocks slowly. Using one hand to support the barrel. Never try to force one.

Under no circumstances shall a trap cooled to liquid nitrogen temperature be left on a line open to the atmosphere. This may result in water and liquid Oxygen condensing inside the trap which can give rise to an explosion if either:

1)
the line contains an organic material or,

2)
 the line is closed to the atmosphere and the Dewar vessel removed.

Extreme caution must be used in any experiment where there is a possibility of a fuel and oxidant both being condensed out in a line trap. The experiment must be designed to avoid this possibility.

All traps must be thawed out, emptied and cleaned at the end of each day without fail. Hazards associated with the pump protection trap are often overlooked and the following clean-out procedure is recommended. Isolate main part of vacuum line from running pumps (if it is desired to maintain vacuum in main line). Allow diffusion pump (if there is one) to cool down and preferably isolate it: then quickly carry out the following operation. Switch off rotary pump. Remove liquid coolant from around the trap and then open rotary pump and trap to atmospheric pressure. Then remove trap from line, using one hand (protected by cloth) on the trap and one hand as support on the vacuum line and allow to warm up in fume cupboard. Finally, thoroughly clean out trap when it has reached room temperature.

High pressure systems
Pressure work is more dangerous than vacuum work because of the very large amounts of stored energy in the system. 

Most of the safety precautions required for vacuum work apply to high pressure apparatus with the following additional points. 

Safety valves and other methods of pressure release, remote methods of energy cut off, etc. must be so sited as to minimise the chance of injury to people or damage to equipment if they should operate. 

Great care should be taken to use only materials and equipment designed to withstand high pressure, e.g., seamless tubing, etc

Regular inspections should be made to discover blocked filters, leaking valves, weld cracks, etc.  Testing in accordance with the Pressure Systems Regulations is arranged through the Estates Services Department

If glass apparatus is to be pressurised it should be screened and safety spectacles worn by the operator. At very high pressures, serious accidents have occurred due to unexpected chemical reactions taking place and producing much higher pressures than those for which the apparatus was designed. 

Always check whether the pressure gauge is calibrated in psig (pounds per sq in gauge) or psi abs (psi absolute); psig is pressure above atmospheric, i.e., psi abs = psig + 1 atmosphere

Compressed air
It is dangerous to direct the jet from a compressor or the bench tap at your (or another's) skin as this can introduce air into the bloodstream particularly if skin is scratched or punctured 

Cryogenics
Fuel-liquid oxygen explosions and pressure (evaporation) explosions are the principal hazards involved in the use of cryogenic systems and liquefied gases (see above). Prolonged contact with the skin may cause burns similar to those resulting from contact with extreme heat. Eye protection should be worn when handling these fluids as either splashing may occur (due to the boiling liquids) or occasionally the Dewar may fail mechanically and implode. A pad used as a pot holder may be preferable. If you wear protective gloves they must be loose fitting. 

If using liquid nitrogen when making up low constant temperature slush baths requiring flammable organic solvents, remember that even liquid nitrogen condenses out oxygen from the atmosphere, and that therefore only freshly supplied liquid nitrogen should be used each time. 

Liquid nitrogen should only be used in rooms of sufficient size to avoid asphyxiation in the event of spillage of liquid nitrogen. 

Ultra-violet radiation
Ultra-violet radiation lies in the band of wavelengths between 210-410 nm. The action of ultra-violet rays is acute, the radiation being absorbed in the outer layers of the eye, the cornea and conjunctiva. Conjunctivitis results four to eight hours after the exposure and lasts for several days. Looking at an electric arc with unprotected eyes produces an intensely painful burning sensation, due to conjunctival burning. -normal safety glasses may not be sufficient to shield eyes from a UV source, if in doubt use special UV safety glasses.

