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ARMAMENT REs:E.A.RCH ESTABLISHMENT 

HANDBOOK OF SAFETY PRECAUTIONS , 

Third Edition, 1 95~ - . 

Foreword 

The f i rst edi tion of this handbook was issued in May, 1947 and a 
revised and enlarged edition was issued in 1949. The second edition 
was made available to members of the Armament Design Establishment, the 
Explosive Research and Development Establishment, and the Atomic Weapons 
Research Establishment, in addition to those of the Armament Research 
Establishment . In the present edition this wider distribution has been 
r ecognised by an alteration in the title page. Each Establishment has 
safety problems peculiar to itself which can only be dealt with by local 
regulations , but t he basic safety problems arising in the handling of 
explosives, dangerous chemicals and in ordina~ chemical and physical 
l abor atory work ar e essentially the same everywhere. For each 
Establishment t o draw up its own handbook to deal with them would result 
i n unnecessary duplication. 

In preparing this edition, the text of the second edition has been 
emended and considerably expanded and an endeavour has been made to 
provide a more comprehensive index. It is considered that the provision 
of an adequate index to a large extent removes the obvious objection to 
the production of a vddely comprehensive handbook of safety, viz that 
such a book necessarily contains much that is of no immediate interest 
t o a l arge proportion of its readers-. It is hopei that each specialist 
can find the information which is of importance to him by consulting the 
index, and it is recommended that the book should always be kept to hand 
in the Laboratory or Office in order that such consultation may be made 
an essential preliminary to any operation which is in any way unfamiliar 
to those who are to carry it out. 

This handbook is intended to supplement, but not to replace, rules 
dealing in detail with safety precautions special to certain areas or 
particul ar operations. It is the duty of all members of the 
Establ ishments to familiarize themselves with the special rules relating 
t o their work, in addition to the rules given in this h9..ndbook,and 
scient i sts in charge of investigations should endeavour, by the issue 
and frequent revision of v~itten codes of rules, to ensure that, as far 
as possible, all safety precautions particular to the work in hand are 
brought to the notice of their workers. 

Attention i s also drawn to the Safety Memoranda which are issued 
from time to time to supplement, when necessary, the information on 
general safety precautions contained in the h~ndbook. 

The thanks of the A.R.E. Safety Committee are due to the members 
of the ~. R. D.E. Rules Committee who have assisted in the preparation 
of this edition, and to other members of the Establishments who have 
pr ovided new material or corrected errors. 
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CF..APTER 1 

I~~RODUCTORY NOTES ON EXPLOSIVES 

Properties of EXplosives 

1 - 1. It should always be r emembered that the function of an explosive 
is to explode. Although explosives vary considerably in the ease with 
·which they can be made to explode, experience has shown that all types of 
explosive, even the most insensitive, require to be handled with pre
cautions. Above all, it is dangerous to hammer any explosive, or sUl:.ject 
it to any process involving heavy grinding friction. . 

The iuethod adopted for handling any given explosive is determined 
by the follovdng of its properties:-

( a ) Physical state, i.e. solid, ~~~uid or gaseous, and in 
the case of a solid, the state of division. 

(b) Sensitiveness to impact and/or friction. 

( c ) Temperature of ignition. 

(d) Ease of ignition. 

(e) Behaviour on inflammation. 

(f) Inherent chemical stability. 

(g) The effect on its stability or sensiti~eness, of 
ccntact er admixture with other material. 

( h) Volatility. 

(i) Toxicity. 

( j ) Tendency to develop f rictional or contact electrification. 

Safety Certificates 

1 - 2. For the guidance of the Ordnance Factories, the Armament Research 
Establishment issues documents !mown as "safety Certificates", each 
relating to a specified Service explosive or composition. These contain 
information on the properties listed in the above paragraph, together with 
other informaticn concerning safety in handling. 

Provisional Safety Certificates are alsc prepared, for 
interdepartmental use, dealing with experimental materials not yet 
accepted into Ser'Vice. 

Safety Certificates can be consulted on application to the 
Safety Officers. 
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Sensitiveness Tests on Explosives 

1 - .3. The information on the sensitiveness of an explosive, which is 
given in it s 3afety Certi1'icate, is obtained by standard impact and 
friction tests. 

1 - 4. The standard impact test is a modification of the well-known 
Itfalling weight" test, and i s described i n detail in the "Text Book cf 
Explosives Used in the Serviceu• ~lhe result given by the test is 
expressed in the fonn of a number, known as the "Figure of Insensitiveness", 
or uF. I." , which ccmpares the impact-sensitiveness of the explosive vvith 
that of picric acid, to which is allotted arl arbitrary Figure of 
Insensitiveness of 100, or (for very sensitive explosives) vnth that of 
mercury fulminate, to which is given a value of 10. 

I t should be not ed that Figures of Insensitiveness are not 
directly ccmparable with published figures of uheights of fall" deter mined 
by ordinary t ypes of falling-vveight tests, even when these are expressed 
as percentages of the heights of fall required to explode picric acid. 

1, - 5. The standard friction test is carried out by subjecting small 
samples of the e. losive, placed on anvils of concret e , hardwood and soft
wood respeetively, to glancing blows from a boxwood mallet. The result 
is expressed in the fonn of a group of three numbers indicating the 
percentages of explosions obtained in ten tests on each of the anvils. 
For instance, a Friction Test Result of 100, 50, 0, means that out of 
10 tests on each anvil 10 explosions were obtained on concrete, 5 on 
hardwood and none on softwood. 

1 - 6. For explosives which give fi gu=es of 100, 100, 100, in the 
standard friction test, a more refined test 'is sometimes used in which 
the explosive, under standard conditions , is subjected to gentle friction 
between rough surfaces by me~ns of a pendulum device. The result is 
expressed as a figQre indicating the maximwn relative velocity of the t wo 
surfaces which, under t he conditions of the test, gave no ' explosion in 
ten consecutive trials. 

Interpret ation of Sensitiveness Test Results 

1 - 7. Explosives are occasionally encountered which are relatively 
insensitive to impact but highly sensitive to friction. It i s essential 
to take inte account the results of both tests in detennining the degree 
cf precaution required in working ~~th a given explosive. 

1 - 8. In Safety Certificates explosives are classified as regQ~ds 
sensitiveness, into three categories. Very Sensitive, Sensitive and 
Comparatively Insensitive. . 

1 - 9. Any explosive Ylith a Figure of I nsensitiveness less than 20, 
or with a Standard Friction Figure greater than zerc on the sof t wood 
anvil, is classified as Very Sensitive. Expl osives i n this class rr,ust 
be handled vrith special precautions to eliminate risk of fricticn or 
blow, not only between metals but also between soft surfaces such as 
wood or ,cardboard. Examples:- Lead a zide, mercury fulminate , cap 
ccmpositions. 
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1 - 10. Any explosive with a Figure of Insensitiveness between 20 and 
) 0, or vvith a Standard Friction Figure greater than zero on the concrete 
anvil, is classified as Sensitive. Explosives in this class should be 
handled with special precautions to avoid impact or friction between 
metallic or other comparably hard surfaces. Examples:- C.E. , P.E.T.N. 

1 - 11. Explosives with a Figure of Insensitiveness greater 'than 90 
I 

and with a zero Friction Figure on the concrete anvil are classified as 
ComfLratively Insensitive. Examples:- T.N.T., Picric Acid. 

Explosives classified as Comparatively Insensitive must be 
handled vcith precautions to eliminate blow or friction between hard 
metals and surfaces of comparable hardness, e.g., concrete, but can be 
subjected to light blow or friction between relatively soft metals, such 
as brass or approved types of bronze, without serious risk. 

1 - 12. There are instances in which the Figures of Insensitiveness and 
Friction Test Figures, if interpreted without qualification, may give an 
exaggerated idea of the langer in handling the materials to which they 
refer. Since the pressure of a blow is largely determined by the 
resistance of the material to deformation, the standard tests for 
sensitiveness, which are carried out on thin layers of e losive, gi~~e 
results which do not necessarily represent the behaviour of the material 
when thick layers are struck. Thus, although colloidal propellants are 
definitely dangerous when struck, in thin layers as used in the test, they 
are comparatively safe to handle when in the form of cord or thick sheet. 

On the other hand, the Figures of Insensitiv eness and Friction 
Test Figures for liquid explosives may give an exaggerated idea of the 
insensitiveness of these explosives to impact and friction under practical 
conditions where the liquid is liable to contain gaseous bubbles, or 
where air is liable to be entrapped between the liquid and solid surfaces 
during impact or friction. The heat generated by the compression of the 
entrap~ed gas may be sufficient to ignite the explosive even though the 
forces involved might be quite inadequate to ignite a solid explosive 
with comparable impact and friction figures. 

1 - 13. Another class of materials for which the standard sensitiveness 
test figures need to be interpreted with qualification comprises oxidising 
agents such as bromates, chlorates, perchlorates, peroxides, permanganates, 
etc., and mixtures containing these substances. Mixtures of chlorates, 
perchlorates, permanganates, or peroxides, with carbonaceous matter or 
other oxidisable substances such as sulphur, phosphorus, aluminium, 
magnesium, calcium silicide, silicon, etc., are almost invariably very 
sensitive to impact and friction, but in some instances the very high 
friction sensitivity shown in the standard test is not confirmed when a 
friction test is carried out between steel surfaces. Also, the 
oxidising agents tested alone, even when they are in fact non-explosive, 
give high figures in the standard friction test. These abnormal 
results are due to reaction between the oxidising agent and the wooden 
mallet used in the test. High sensitiveness is also found when an 
aluminium mallet or anvil is used, owing to reaction with the metal. 
For this reason aluminium, in spite of its softness, is an unsafe metal 
to use with erplosive compositions containing chlorates etc. 

1 - 14. A further point to note is that relatively mild blows between 
some surfaces can produce sparks which can easily ignite some explosives, 
e.g., gunpowder and many pyrotechnic compositions, which are classified 
as comparatively insensitive, 
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Information on the inflammability of explosives is given in 
Clause 7 of the Safety Certificate and any explosive which ignites under 
the conditions of the test referred to in Clause 7 should be regarded as 
liable to ignition by spark. 

Service Classification of Explosives 

1 - 15. Service explosives, and stores containing them, are officially 
classified into numbered Groups. The Group Number is shown by a label or 
stencil on each package as a guide to the precautions necessary in 
handling or storing the contents. 

Details of the Group Classification are given in the 
"Comprehensive Classified List of Government Explosives". The main 
characteristics which determine the Group are summarised below:-

Group' 1 

Explosives needing care in handling because they are liable to 
function by spark or friction, and liable in a fire, to burn rapidly to 
violent explosion or detonation, but which are not subject to deteriora
tion with age. All explosives requiring "lead free ll conditions are 
included in this Group. 

Group 2 

Explosives with risks similar to those of Group 1 but subject 
to deterioration with age. These explosives have usually an allotted 
IIlife" at the end of which they must be destroyed. 

Group 3 

Explosives of limited "life" but not liable to explode violently 
or detonate on catching fire. Cordite is the typical explosive of this 
group. 

' Group 4 

Explosives, generally similar to those of Group 1 but less 
liable to function by a spark or friction. 

Group 5 

Unboxed shell. 

Group 6 

Boxed Service ammunition, containing high explosives, gunpowder 
and propellants only, except the types allotted to the follovnng Groups. 

Group 7 

Mines, bombs, and underwater ammunition, filled H.E., plugged. 
'With fuzes etc., in separate packages. 

Group 7A 

As for Group 7, but with fuzes, etc. fitted. 
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Group 8 

Mortar ammunition, Grenades and Rockets containing H.E. and 
propellant only. Fuzes, etc., in separate packages. 

Group 9 

pyroteclmics. 

Group 10 

Detonators, Initiating compositions. 

Group 11 

Incendiary and smoke compositions and ammunition. (Not 
containing white phosphorus, phosphides, inflammable liquids or gels.) 

Group 12 

Smoke and Incendiaries containing white phosphorus or phosphides. 

Group 13 

Chemical Warfare annnuni tion. 

Group 14 

This is a Naval stowage Group. 

Group 15 

Incendiaries containing inflammable liquids or gels but not 
containing white phosphorus or phosphides. 

Explosives in Groups 1 or 2, when stored in large quantities 
(total stock exceeding 200 lb.) must, according to Service Regulations, 
be stored under "magazine" conditions, i.e., with precautions, such as 
use of rubber overshoes or the equivalent, by persons entering the store, 
to reduce risk of ignition by friction. A full definition of magazine 
conditions is given in Magazine Regulations (Land Service) Part 1. 
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CHAPTER 2 

EXPLOSIVES WORKROOMS 

Approved rrorkrooms 

2 - 1. Work on explosives must only b e carried out ,in rooms approved by 
the scientist in charge of the area concerned. ~berever possible, the 
work should be done in rooms design.eel.. specially for explosives work, and 
containing (apart from permanent fixtures) only the apparatus and tools 
necessary for the intended operations. Where this i s not practicable, 
and explosives have to be handled in a laboratory used for other work, an 
adequate area of bench should be cleared of all apparatus and tools not 
required for work on the explosives. 

2 - 2. Work on the different classes of explosives , e.g. High Explosives, 
Propellants, Initiators, and Pyrotechnic Compositions , should not be 
carried out in the same room. 

=1C)~.:tEJ.9..8J:_,. Equipm!"D_:t2T.:...1PxpJos iv~~YT.2}-:1':l· ocl!"~ 

2 - '5 . The rules given in par3.3 . 2- 4 to 2- 10 apply particularly to ex!,lnsives 
'."Torle; further r ules of more general appli cation .are given in 'jh~"pt er 11 . 

-
2 - 4. All electric lighting, heating and power installations in r ooms 
specially designed for explosives work must be maintained in accordance 
vath current Explosives storage and Transpor t Committee specifications. 
If work on explosives is carried out in a room not so equipped, the 
electrical installation should be tested by the :Gstablishment Engineer 
and made sound before the work is started. 

2 - 5. No alteration to electrical installations may be made except by 
approval of the scientist in charge of the area, and by requisition 
through the Establishment Engineer. 

2 - 6. Failures in lighting or power circuits must be reported to the 
Establishment Engineer ~nmediately they occur. On no account may fuze 
vrires be replaced except by the Establishment Electricians, who will 
ensure that the correct size of fuze is inserted. Wbenever practicable, 
the cartridge type non-re,nrable fuze boxes should be installed. 

2 - 7. Lamps on wandering leads may only be used in explosives workTooms 
when illumination by fixed ins t allation is impracticable for the wor k in 
hand. The lamps and the leads must be approved by the Sa fety Officer. 

2 - 8. For use in emergencies due to fa~lure of electric light supplies, 
a sufficient number of approved Safety Handlamps should b e provided. 

Details of these handlamps a~~ given i~ Appendix 2. 

2 - 9. Temporary connections to the supply mains may be made by means 
of flexible leads attached to the permanent pin sockets, but only approved 
safety cable must be used, and care must be taken by frequent inspecti~n, 
to ensure that all cOID1.ections are sound. These temporary leads must 
not be laid on the floor where they might present a hazard. Where three 
pin sockets are available the earth lead should always be used. 
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2 - 10. If controlling electrical resistances or switches (other than 
those in' the permanent installation) are required for work on explosives 
or inflammable liquids, they should, whenever possible, be placed outside 
the room. 

Controlling electrical resistances are liable to spark and to 
become hot, and care should be taken not to place them in positions where 
explosives can accidentally fallon to them, or where they can heat 
adjacent .woodwork or other inflammable material. 

Doorvvays of Explosives -V{orkrooms 

2 - 11. Nothing should be allowed to obstruct the doorway of an explosives 
workroom, or t o bar the free opening of the door. If the room has an 
emergency door, it must be kept unbolted vVhile work is being done. 

Repairs and Cleaning of EXplosives Workrooms 

2 - 12. Before allowing repairs to be started in rooms which have 
contained explosives, the responsible scientist must ensure that the roem 
is free from explosive or at any rate in a condition safe for repairs to 
be carried out. With some types of room, e.g., climatic huts, it may be 
necessary to wash down the walls, etc., to remove explosive deposit. 

Aluminium paint 

2 - 13 . s team pipes and radiators in explosives workrooms must not be 
painted vdth aluminium paint. Radiators so painted e~sily give sparks 
on being struck with a metal tool. 

Floors of EXplosives Buildings 

2 - 14. Floor coverings of worla-oems and ccrridors should be of non
slippery type, particularly where sensitive explosives .have to be carried 
about. Excessive polishing of floors should be discouraged, 

Explosive Limits 

2 - 15. The maximum weight of explosive permitted in a magazine is 
known as the "explosive limit" for that magazine, and is fixed by the 
Safet y Officer in accordance vdth Service Regulations. 

Explosive limits ~ust also be fixed for each laboratory or 
workroom by the scientist in charge in consultation with the Safety Officer, 

The scientist in charge is responsible for determining the 
amount of explosive to be used in individual operations carried out under 
his orders, mld for the amounts which may be placed in ovens or behind 
protective screens, etc., but the Safety Officer should be consulted in 
any doubtful case, 

Records of Quantities of EXplosives in Workrooms 

2 - 16. The quantity of explosive in a workroom should not exceed the 
requirement of the operation in hand, and should in no case exceed the 
limit laid do~n for the. room. Erplosives necessarily left in workrocms 
overnight should be reduced to the minimum practicalle, and the scientist 
concerned must ensure that the nature and approximate amount of such 
residual eA~losive is record6~. This record, is for the information of 
Firemen and employees on duty ouring closed periods, 
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CHAPTER 3 

EXFERlJ"IENT.AL WORK rlITH EXPLOSIVES 

General Precautions 

3 - 1. Before work on any explosive composition is begun, or any method 
of filling al)plied, the intended operations should be critically considered 
in detail to ensure that no unsafe step is included. A useful aid in 
doing this is to tryout the process on an inert substance having physical 
properties approximating to those of the explosive ccmposition. 

3 - 2. Information on the sensitiveness of the composition should be 
obtained from the Safety Certificate, if one has been prepared, or by 
inquiry to the Safety Officer vvho vvill have tests carried out, if necessary. 

3 - 3. Care should be taken before starting an operation on a sample of 
explosive or an obj~ct containing explosive, to reduce the amOID!t of other 
explosive in the rocm to the mini~mum possible, ru1d to place any explosive 
necessarily retained in the room as far as possible frcm the wAterial to 
be worked on, and if possible, behind protective screens. All explosives 
not in actual use should al way's be ~overed. 

3 - 4. Attenti'on is drawn to the risks involved through explosives or 
components containing them being accidentally mislaid. Explosives should 
never be put away: in drawers or cupboards in laboratories. 

3 - 5. A thorough check should always be made at the end of a series of 
operations to make sure that all explosive brought into the workroom, or 
area of operations, has been accounted for. This is particularly important 
when using detonators. 

3 - 6. Ylhen working with explosives containing more than one ingredient, 
it should be remembered that segregation may occur and cause, possibly, 
an increase in sensitiveness. This is of particular importance in 
connection vrith the cleaning out of explosives from eFparatus. 

3 - 7. Cleanliness, method and care are essential in all explosives 
work. Any form of accidental contrunination introduces an unkllown factor, 
and may lnake risky an operation permissible vrith the pure reaterial. 

For this reason, it is essential that benches and receptacles 
used for explosives work should be kept scrupulously clean. In 
particular, it should .e remembered that almost all explosives are made 
more sensitive oy the presence of grit, and relatively safe explosives 
so contaminated reay beco!lle dangerous to handle. 

Tools 

3 - 8. Although iron and steel are frequently employed for machinery in 
explosives factories, it is, in general; advisable to avoid using tools 
made of these metals, or of glass, in operations on explosives. The 
material to be used vri~l depend upon the sensitiveness, and chemical 
properties of the explosive. For highly sensitive e~~losives, paper 
should if possible be used. For other explosives, tools of an 
appropriate soft metal may be used, but care must be taken that the metal 
selected is chemically ccmpatible vrith the explosive. Brcnze or copper 
must not be used for explosives containing nitrates; aluminium must not 
be used for explosives or pyrotechnic compositions containing peroxides, 
perchlorates, chlorates etc. ( See paraj~3). 
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Cement and Packing Materials 

3 - 9. Cements and packing ID~terials, wads, containers etc., employed 
in explosives work must be selected so as to be compatible vdth any 
explosive with which they lnay come in contact. 

In the absence of previous experience, trials should always be 
made, under precautions, before adopting an untried material. A number 
of "R.D." cements of known compatibility are available, and standard 
methods of testing compatibility have been developed by the Armament 
Research Establishment. 

Containers for EXplosives (see also Transport of Explosives, Chapter 5) 

3 - 10. The use of glass bottles as containers for explosives should be 
avoided whenever practicable, and certainly restricted to comparatively 
insensitive explosives or explosives for which containers of other 
materials are chemically unsuitable. 

Glass stoppers must never be used for bottles containing 
explosives. Cork or rubber stoppers should be used for high explosives 
or fine grain prcrellants. Plastic screw-on caps may be used for 
propellants, other than fine grain, but not for other types of explosive. 
Metal screw-on caps must not be used. 

For explosives in the Very Sensitive class (see para. 1-2) 
containers designed to eliminate friction must be used, e.g., papier-mache 
boxes ,dth lids lined with felt or chamois leather, or special rubber or 
soft metal containers ,dth loose fitting rubber lids, should be used. 
For other explosives, papier-mache boxes with ordinary lids are suitable. 

For transport of Very Sensitive explosives by vehicle specially 
designed boxes are available (see para. ;-!+-) . 

Dangerous Operations 

3 - 11. 17hen a possibly .dangerous operation has to be performed, adequate 
measures must be taken against injury to the personnel engaged or others 
in the vicinity. Protective screens, or where these are not suitable, 
protective goggles, of approved type, should be used. ·Where the risk 

, 

is of fire or splashing by corrosive substance, protective spectacles 
and clothing should be used. Attention is dravID to the risk involved 
in the use of . sulphuric acid baths for heating explosives, e.g. in 
determination of melting point. 

In all hazardous operations, the number of persons involved 
should be reduced to the minimum. No one should, however, undertake a 
hazardous operation ll11ess a seccnd person is present in the room, or 
in the nearest safe location. This applies especially to work outside 
normal hours. 

Grinding of Explosives 

3 - 12. If an explosive has to be ground in the laboratory by hand, 
an agate mortar and pestle should be used. The use of agate in 
preference to a softer material is recoromended because its highly 
polished surface reduces friction, and is easily cleaned. The hardness 
of the surface, of course, increases the danger of impact bet,reen pestle 
and mortar but this can be avoided by careful manipUlation. 
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The surfaces of both mortar and pestle must be thoroughly 
cleaned before use, and exrunined closely to ensure that they have not 
been roughened by wear. 

The operation should be carried out well av~y from the bulk of 
the explosive, and the grinding effected with a slow, smooth motion 
avoiding all jerks. Oare must be taken not to drop the pestle or , to 
use it as a tool for el'llptying t he mor t ar, in case a small portion of t he 
explosive is trapped between t he pestle and the edge of the mortar. 

screen. 
The operator should wear protective goggles or use a protective 
The hands should be protected by wearing washleather gloves. 

The quantity of explosive which can be ground at one time by the 
above method, without risk of serious injury to the hand in the event of 
ignition, depends on the explosive. If the explosive detonates or 
violently explodes on ignition by friction, the maximum amount which should 
be ground at one time is about 0.05 gramme. With explosives which merely 
burn more or less violently the amount can be increased to about 2 grammes . 

Before risking grinding operations on an explosive of unknown 
properties, preliminary trials should be made, starti ng with quantities 
not greater than 10 mg. in which the material is ignited by heat, and 
also, if possible, by impact and friction. For the latter tests a 
hammer and anvil and a rough stoneware mortar and pestle may be used. 

Handling of Explosives Packages 

3 - 13. Packages containing explosives should be moved by lifting, never 
by dragging or rolling. 

Effect of Sunlight on Explosives 

3 - 14. Sunlight may cause chemical decomposition in explosives. They 
should, therefore, never be left in positions where exposure to direct 
sunlight may occur. Positions where the sun's rays can be focussed by 
glass apparatus to give a "burning glass" effect should especially be 
avoided. 

Spillage of Explosives 

3 - 15. Oare should be taken to avoid spilling explosives on benches or 
floors. If explosive is accidentally spilt, it should, as a general 
rule, be gathered up before proceeding further with the work. But this 
should not be undertaken vvithout careful forethought. If the explosive 
is at all sensitive the operation of gathering it up may be risky, and 
some process of desensitisation, e.g., wetting may be advisable. It 
will usually be desirable to remove all other explosive from a room 
before gathering up spilt material, but this may not always be the case. 
The correct procedure vall depend upon the nature of the explosive and 
the circumstances. 

Toxicity of E~)losives 

3 - 16. Many explosives are poisonous, and some e.g., O.E. and 
hexanitrodi-phenylamine, may cause dennatitis. 

strict cleanliness in handling explosives is, therefore, 
essential, and food or drink should not be admitted into explosives 
worlcrooms. 

11. 



3 - 17. Y!orkers exposed to irritant or dusty explosives, whether toxic 
or not, should wear protective clothing and take a bath at the end of each 
day. It has been found that dust tends to collect on moist surfaces of 
the body m1d, under the chafing effect of clothing such as occurs round the 
neck and elbows, may cause dermatitis. Workers should be warned that it 
is unadvisable to inhale dust, even when it is not Imovm to be poisonous, 
and should be encouraged to use respirators when handling dusty materials. 

Further information on Toxicity is given in Chapter 8 and 
Appendix 7. 

Initiators and Det onators 

3 - 18. Explosives of the initiator type, and detonators, should not as 
a rule be introduced into rooms containing other explosives . Where this 
is inevitabl e, special precautions must be taken to ensure the best possible 
segregation, and padded receptacles of an approved type should be used. 

Care should be taken to segregate percussion det onators and to 
keep them away from other explosives. 

stringent precuations must always be taken to protect electric 
detonators from accidental contact with batteries, dry cells or other 
sources of electricity. 

~perations on Live "~unition and Firing of Experimental Charges 

3 - 19. Assembly or breaking dovm operations on live rounds, fuzing, 
defuzing, cartridging, decartridging, etc., and firing of experimental 
charges, must only be carried out by or under instruction of a technical 
officer or a scientist who vrill be responsible for ensuring that due 
precautions are taken. 

Operations on a1Jlmunition of unknown or incompletely kno'lm 
design, damaged rounds, rounds suspected to have been incorrectly assembled, 
and rounds which have been fired and have failed to function correctly 
must be regarded as dangerous and ?ppropriate precautions taken (vide 
para. ;; -i 1). 

s tatic Electrification 

3 - 20. Static electric charges can be produced by operations such as 
sieving, pouring, and mixing. Driving belts are also liable to cause 
accumulation of charges on the apparatus driven. The charges so produced 
may have sufficient energy t c ignite explosives such as dry guncotton and 
initiating compositicns. Ignition through electric discharge may also 
occur when materials giving rise t o fine combustible powders dispersed in 
air, or inflammable vapours, are being handled. Serious accidents have 
been caused, for instance, throl1gh electric i~1ition of the inflammable 
vapour arising from the residual s olvent in the propellant neonite. 
Similar risks are present 'lrith ballistite and other fine-grain solvent
type propellants. 

3 - 21. In order to reduce risks of the above type, all fixed plant 
used in handling explosives should be permanently "earthed lt and, when 
necessary, movable apparatus should be ~itted with temporary earthing 
connections. 

12. 



3 - 22. It should be remembered that, even when apparatus is earthed, 
operatives wearing insulating footwear such as "danger building" goloshes, 
or v~lking on insulating floors, may develop on themselves a dangerous 
el ectro-static charge. ~lliere such conditions may lead to risk, the 
approved "personnel earthing technique ll should be employed. Details of 
this procedure may be obtained from the Safety Officer. 

Machinery, Provision of Guards and Safety Devices 

3 - 23. Machines, v~!ether hand operated, or power driven, used in 
explosives workrooms, must, as far as practicable, be fitted with such 
guards and safety devices as would be requisite . • if the machines were 
installed in a wor kshop to which the provisions of the Factories Acts 
apply. No newly installed machine mus'c be put into use until it has 
been approved by the Safety Officer. (See also Chapter 9). 

Machinery, Protection of Personnel 

3 - 24. In addition to the provision of the devices referred to in 
para. 3 - 23, all precautions practicable should be taken to protect 
personnel against risks due t o machinery. In particular, female workers 
should be provided with protective headgear when working near revolving 
spindles, drills and cutters. It should be noted, however, that the 
provision of such headgear does not, according to the Factories Acts, 
relieve the emrloyer from the responsibility of providing guards. 

Heating of Erplosives 

3 - 25. The heating of an explosive is liable to cause chemical 
deterioration and should, therefore, be restricted to the lowest 
temperature and shortest time necessary for carrying out the required 
operation. Prolonged heating may give rise to ignition at temperatures 
appreciably below the "Temperature of Ignition" recorded in the Safety 
Certificate, e.g., mercury fulminate is liar-Ie t o explode when heated 
at 1000 C. although the temperature of ignition as determined by the 
Safety Certificate test is 147°C. 

3 - 26 . Unless it is certain that the temperature of heating and the 
stability of the explosive are such that there is no risk of inflammation 
or explosion, explosives must only be heated under conditions as to place, 
type of apparatus, and explosive limits approved by the Safety Officer. 
Electric ovens if used must contain no exposed heating elements, and 
must be installed and operated under conditions approved by the Safety 
Officer. 

3 - 27. Attention is dravm to the relatively low temperatures of 
ignition of most propellants, mercury fulminate, and coloured-smoke 
c omp ~ l?it.;i...Ql.1.,s. 

'Drying of E~losives. Desiccators (See also Chapter 8) 

3 - 28. The cornmon drying agent used in desiccator~ , viz. concentrated 
sulphuric acid, is unsuitable for use with explosives, seme of which, 
e.g. mercury fulminate and lead azide, explode on coming into contact 
with it. "Drierite" (anhydrous calcium sulphate) is a safe drying agent 
which meets most ordinary needs. If a more powerful desiccant is 
essential, phosphorus pentoxide can be used. This substance, however, 
although less dangerous than sulphuric acid, must be prevented from 
coming into contact vdth the explosive. 

3 - 29. Glass vacuum desiccators must not be used for initiators or 
other very sensitive explosives. (See para. ; -7). 
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CHAPTER 4 

STORF_GE OF EXPLOSIVES 

General Rules 

4 - -j. It is the duty of all engaged on explosives work to keep stocks 
cf explosives as small as possible by avoiding over-requisitioning, and 
by getting rid of explos ives as soon as they are no longer required. 

4 - 2. A~ far as is practicable, explosives should be kept in the main 
magazines. The locker magazines and ready-use magazines under the control 
of Heads of Sect ions, should be used only for experimental explosives and 
for those required fer day to day use. 

The explosive limits for locker magazines (per Ivcker) are as 
f ollovl's :-

Hi gh Explosives 
Propellants 
Initiators 
Gunpo~der and Pyrotechnic Compositions 

8 lb. 
8 lb. 

1/2 lb. 
2 lb. 

Each locker must be used for one of the above types only. 

Explosive limits for individual ready-use magazines are fixed 
by the Establishment Safety Officer. 

4 - 3. Before any explosive is stored in a magazine it must be entirely 
enclosed in an approved container or package. Each container or package 
must be labelled with a description of its contents, the name of the 
scientist reHponsible for it, and the dates of periodic stability tests 
as detailed in Appendix 1. 

Containers or packages must not be opened in the magazine, but 
must first be transferred to a place well away from other explosives and 
from gas flames or other possible sources of ignition. 

While t he doors of magazines, or of the magazine enclosure, are 
being opened or closed, the explosive package must not be placed on the 
ground but on the shelves provided. 

The person using a magazine is responsible for locking it securely 
~mnediately on l eaving it and for returning the keys to the appointed 
place, 

4 - 4. If the magazine is heated, no package may be placed vuthin two 
feet of the heating apparatus . 

Storage of Unstable ~xplosives 

4 - 5, Explosives of doubtful stability must not be stored in ready
use or locker magazines, but arrangements must be made to have them kept 
in isolation magazines under periodic observation. 

Records , of Explosives Stocks 

4 - 6, It is the r esponsibility of Heads of Sections to ensure that 
'Vvritten records are kept of all explosives in the charge of the Section. 
These vull normally consist of the fcllowing:-
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(a) 

(b) 

( c) 

( d) 

Li~ts of explosives stored in ,the Section's ready-use 
and. lopker magazine. 

List of explosives held specially for the Section in 
the main magazines. 

Lists of explosives held in wor krooms or laboratories 
(see para. 2-1 f) . 

Results of periodic stability tests (vide Appendix 1), 

These records spould include the name of a scientist responsible 
for each item. It is essential that, before a scientist goes on leave, 
or ceases to work in the Section, he should make arrangements to transfer 
to a successor or deputy his responsibility for all explosives stored unde.r 
his name. 

4 - 7. The records should be checked with the actual stocks at least 
once every four months, and certified as correct by a scientist of grade 
not lovver than S.O, or S.E.O, 

Records relating to the storing of dry nitrocellulose must 
comply with the requirements detailed in para, 4-2, 

Storage of Dry Nitrocellulose 

4 - 8. Nitrocellulose should not be accepted for drying vathout full 
information as to its Heat Test and alkalinity. In the . case of Service 
nitrocellulose drawn from the original package, the data on the Inspection 
Certificate of the Lot concerned may be accepted. All non-Service 
nitrocellulose shOUld be sarr~led for departmental analysis and test, 
before drying is proceeded with. Records should include these stability 
data and others arising under (c) below. 

The follovang procedure must be strictly followed whenever it 
is necessary to store nitrocellulose in the dry condition. 

(a) Nitrocellulose must not 're stored in the dry condition 
for more than twelve weeks 

If kept dry for four weeks it should be heat tested at 170oF. 
and subsequently be heat tested every twc weeks. The results of these 
tests should be entered on the storage label of the sample. 

At the end of twelve weeks storage the nitrocellulose, if still 
required, must be re-wetted and tested for heat test and alkalinity 
before it is re-dried. After re-drying, the sample vall enter a fresh 
cycle of twelve weeks permitted storage in the dry condition under the 
same conditions as above. 

Samples of dry nitrocellulose must be taken vath precautions 
appropriate to the sensitivity of the material, the bag being removed 
to a safe distance from other explosive. 

(b) Storage bags of approved type of rubberised fabric should 
be numbered consecutively in bold characters, and these numbers recorded 
on the tag lab~ls and records along ~Qth all other details necessary for 
identification of the contents. The records should include the name of 
the scientist who has authorised the storage of the sample. 
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(c) The approved form of storage label is shown in Appendix 3. 

(d) stocks of dry nitrocellulose should be scrutinised weekly, 
and a record kept of these inspections and cf any re-wetting actions taken. 

storage of vret Nitrocellulose. Collodion, etc. 

4 - 9. Explosives which are normally stored with the addition of a 
certain proportion of water or other liquid and any other samples of 
explosives which it is considered desirable to store wet, must be placed 
in well closed containers to prevent evaporation of the liquid and must 
be inspected at regular intervals (See Appendix 1). 
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OHAPTER 5 

TRANSPORT OF EXPLOSIVES 

Trans~ort vdthin the ~ stablishment 

5 - 1 . Explosives may only be transported by persons authorized to do 
so by the responsible scientist, and must be entirely enclosed in a 
package before being transported from one building to another, unless 
the transit is merely between neighbouring buildings in the same "clean" 
area. 

5 - 2. For transport of explosives in quantities too great to be carried 
by hand, t r ucks of design approved by the Establishment Safety Officer 
must be used. 

5 - 3. Should circumstances arise requlrlng transport, other than by 
hand, of explosives vrith a Figure of Insensitiveness less t.han 35, or a 
Friction Sensitiveness Figul~e greater than zero on the softwood anvil, 
a truck of approved design must be used. 

It is the responsibility of the scientist ordering explosives 
to be transported, to ensure that the correct type of package and/or 
truck is used, and that any truck used is correctly loaded. 

5 - 4. Detonators, initiating explosives, or any explosive or pyrotechnic 
cOmlJosition with a Figure of Insensitiveness less than twenty -'r a Friction 
Sensitiveness Figure greater than zero on the softwood anvil, should 
norrrally only be carried ly hand, and in an approved detonator carrying 
case or I1Transport Box for Very Sensit:ive Explosives". 

Trans~ort outside the Establishment 

5 - 5. All arrangements for the transport of explosives by rail, sea 
and public roads must be made through the Magazine Ohargeman who will 
consult vdth the Safety Officer to ensure that Service Regulations are 
complied 'wi tho Oarriage of eJC"plosi ves in departmental passenger cars 
or in private cars used on official journeys is controlled by Establishment 
Instructions. Permits to carry small samples of certain explosives by 
passenger train can be obtained from the Safety Officer. These permits 
cannot be used on the railways of the London Passenger Transport Board 
and are subject to compliance with a code of rules a copy of which ~rill 
be supplied with the permit. · Such samples may not be carried in any 
public vehicle e.g. omnibus, but may be carried in a taxi-cab. 

Explosives for transport by road or rail must be packed and 
labelled by the l\-Iagazine Chargen;2.ll. who vdll ensure that they are packed 
in accordance vrith Service Regulations, or, if appropriate Service 
Regulations do not exist, in a type of package approved by the 
Establishment Safety Officer. 

5 - 6. No explosive, corrosive· or otherwise dangerous material may be 
sent by the public post. Explosive must not be included in 
correspondence carried by official messengers, or othervrise, ~rithin the 
Establishment or outside. 

5 - 7. It is stressed that the reference to explosives in this chapter 
refers to both loose compositions and any explosive filled store and 
component. 
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CHAPTER 6 

SPEOIFIO EXPLOSIVE RISES, EPFEOT OF OONTA1rrN~~S 

6 - 1. In this Ohapter, attention is called to some important properties 
of a number of explosives and the extent to which their safe handling may 
be endangered by contaminants. 

]i~ffect of vrater on Explosives 

6 - 2. The addition of ~ter t o an explosive usually makes it more safe, 
but there are important exceptions to this rule, and with some explosives, 
moisture is a dangercus contaminant. Thus, although the sensitiveness of 
mercury fulminate or lead styphnate is appreciably diminished whe~ these 
explosives are immersed in water, that of lead azide is not diminished, 
and detonators containing lead azide, if exposed to moist conditions, will 
evolve hydrazoic acid (gaseous) which may form highly sensitive azides on 
metal surfaces, e,g., on the outside of the detonator sheath. 

Oompositions containing metallic powders are liable to develop 
dangerous reactions if they become moist. Pyrotechnic compositions 
containing magnesium powder and a nitrate, and smoke compositions 
containing zinc dust, if moistened, may heat up to the ignition tempArature, 
Interaction and resultant gassing of aluminized high explosive compositions 
is increased by moisture. Residues of such compositions, if they cannot 
be kept free from moisture until destruction, should not be left in a 
slightly moistened or damp condition, but should be completely immersed 
in vvater (with thorough stirring in the case of smoke or pyrotechnic 
compositions), and the containing vessel kept in the open, 

Sensitive Oompounds of Heavy Metals 

6 - 3. Oontact of explosive3 with heavy metals or their salts, even in 
solution, particularly lead and its salts, may produce substances whose 
sensitiveness is very much greater than that of the parent substance. 
This risk is particularly lnarked vrith nitrophenolic compcunds, e.g. 
picric acid, picrates and dinitrophenol. 

Effect of Alkalies and Acids 

6 - 4. The presence of alkali (including ammonia) with T.N.T. may 
increase its ease of inflammation. T.N.T. on exposure to gaseous arrmonia 
forms compounds with ignition temperatures considerably below 100cO. 

The stability of nitric esters, e.g., nitroglycerine and 
nitrocotton, is seriously impaired by acidic conditions., and the presence 
of acid in any fonn may lead to inflammation. strong caustic alkalies 
have a similar effect, 

Ooloured-smoke compositions, which usually consist of a mixture 
of a sugar and potassium chlorate heavily diluted with a dye, are liable 
to develop dangerous instability if contaminated with a trace of acid 
(e,g. in the dye ) , 

censitive Oorrosion Pruaucts of Oopper and Tin 

6 - 5. Oopper or brass , especially if tinned, will react with ammonium 
nitrate producing sensitive salts. 

Ba'sic stannous nitrate is especially sensitive. 
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Reaction of Alumii1~um v~th' I\Ie~cury Fulminate 

6 - 6. AlwniniUJn i s rapi dl 3T attacked by mercury salts and, therefore, 
-munt net be used as , a ccntainer for any COfJl}Josition containing mercury 
f ulminate. 

Effeot of Chlorides on Smoke Com-iJosi tions 

6 - 7. Smoke compositions are seriousl y affected by contamination vvith 
-soluble chlorides, e. g., sea , 'rater or zinc chloride soldering flux; 
sj?ontaneous f ires have been attributed to both of these contaminants . 

Liquid DXl)losi ves. Methy l nitrate, Nitroglycerine, etc. 

6 - 8. Liquid explosives present special risks on account of their 
mobility and gener ally high sensitiveness. In handling them, the use 
of glass, earthenware or metal stoppers and stopcocks should be avoided 
and onl y suitable plastic t ypes used. Special care must be taken to 
guard against dropping containers filled with them. 

For further information regarding the sensitiveness of liquid 
explosives see para. ~ -1 2. 

Nitrogl y cerine shoul d always be handled vvith the greatest care, 
and it should be r emembered that when this explosive is in the frozen or 
semi-frozen condition t he r isk may be increased. Other liquid eX:l:-'losives 
s uch as methyl nitrate may have a high vapour pressure, and a flash may be 
t ransmitted from the vapour phase to the liquid phase. The sensitiveness 
of methyl nitr ate to friction bet'ween glass surfaces is abnormally high. 

Sensitiveness of Pine- grain Propellants 

6 - 9. C orc1i t e s and other prolJellant s, although not dangerous t () handl e 
when in stick or tubul ar form are dangerously sensitive to impact or 
f r iction Yihen in the form of f ine flake or thin sheet and have an 
enormously increased r a t e of burning. For these reasons, ballistite and 
neonite, f or instance, require care in handling. 

Sensitiveness of Mixtures Cont~il:ing Chlorates, Br omates, Perchlorates 

6 - 10. Any mi xture containing a cblorate must be handled vvith the 
great est care; su ch mixtures are in general extremel y sensitive, both 
b et ween metal and metal and between wood and wood. 

Mixtures containing bromates are usually more sensiti~Te, and 
t hose containing perchlorates somewhat less sensitive t han the corres
ponding chlorate mixtures. 

Chlorates should not be allowed to come into contact with 
arrmonium salts or strong aci ds . 

Sensit iveness of Compositions Containing P OYvdered IVletals or Calcium 
Silici de 

6 - 11. All pyrotechnic compositions containing powdered metals or 
c a.lcilUn silicide are very sensitive between steel and steel. 
sometimes i gnite during compression in steel or metal moulds 
i s no material such as pa-oer betwe en the comDosi tiGl1 and the 
Scratching of com~Jressed ~omposi tion vvith a ;harp brass tool 
occasions caused ignition. 
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Plastics, synthetic resin adhesives and cements with ~oly.merisation 
catalysts 

6 - 12. Before any of these materials are used under conditions in 
which they may come int. contact with explosives, i t is essential to 
ensure that they are compatible. A number of commercial types have 
been tested and information concerning their suitability for ~ . 
application can be obtained from the safety Officer (See also para • .3-9). 
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CHAPTER 7 

DISPOSAL OF rfASTE EXPLOSI"\TES 

General Rules 

7 - 1. For the purpose of disposal, waste explosives are separated into 
two classe~ as follows:-

~. Explosives which must be destroyed under the personal 
supervision of Scientists in the Sections concerned 

These include all initiating compositions, gunpowder, pyrotechnic 
compositions, and liquid explosives. Experimental explosives, and foreign 
explosives are also included in this class, except those for which other 
methods of disposal have been approved by the Establishment Safety Officer. 

7 - 2. Gunpowder should be destroyed by washing out th~ nitrate vrith 
water, similar Viet methods can be used for some pyrotechnic compositions. 
Chemical methods should be used when practicable for destroying initiator 
and cap compositions. If these compositions have to be burnt, they should 
first be immersed in oil. These operations must only be performed by 
persons familiar 'with the properties of the explosive. 

7 - 3. ~illed caps, and detonators should be destroyed by detonation in 
a shell. Arrangements can be made for detonators, in quantity, to be 
destroyed by R.O.F. Woolwich provided they are safe for transport. Requests 
for this facility should be made to the Safety Officer. 

B. Explosives which may be destroyed by the Magazine Chargeman 

l::....~ Material placed in the official vvaste explosives bins, or (by 
special arrangement) collected from the Seccions by Magazine Staff, which 
com-J?lies with the following requirements:-

(a) The wAterial must be segregated into the following categories:-

( i) 
(ii) 
( iii) 
(iv) 
( v) 
( vi) 

( vii) 

Service H.E. (not containing R.D.X.) 
Service H.E. (containing R.D.X.) 
Minol and other aluminised Service explosives. 
Cordite 
Nitrocotton and guncotton. 
Neonite, ballistite, N.C.Y. and other fine-graDled 
propellants • . 
Industrial explosives and explosives (other than 
cordite) containing N.G. 

(b) The material must contain no unopened packages or large 
lumps. 

(c) The material must be free from non-explosive waste other 
than paper or rags contaminated with explosive. 

7 - 5. Material, not complying with the above requirements, the receipt 
of which has been authorised and for which a safe method of destruction 
has been approved by the Establishment Safety Officer. This class 
includes residues from the extraction of nitroglycerine from dynamite. 
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Laboratory receptacles f or Yia ste explosive 

7 - 6. For the bnnediate receipt in the laboratories and workrooms of 
'Vvaste explosives intended for destruction by the Magazine Ohargerr..an, 
lightly covered receptacles are provided. These should be sufficient in 
number to accorrmodate all the categories of waste exp l osive likely to be 
produced, and should be plainly labelled. The r eceptacles should contain 
seme water, and should be kept close to a door. They should be emptied 
daily into the appropriate culk waste explosives bin. 

• 

The scientist is responsible for ensuring that the appropriate 
bulk waste receptacle is used, and that no unopened packets or large 
lumps are placed therein. Non-explosive waste, apart from paper or rag 
contaminated vvith explosive, must not be placed in these waste pots. 
Oily rags must be rigidly excluded and placed in steel containers placed 
outside laboratories for this purpose. If there is an abnormal amount of 
'Vvaste for disposal, special arrangement s must be made with the MagalJine 
Ohargeman for its removal and destruction. Metal contaminated with 
explosive must not be placed in the 'Vvaste pots. If it cannot easily be 
freed from erplosive, special arrangements must be made vvith the Magazine 
Ohargeman for it to be dealt vvith, consulting the Safety Officer , if 
necessary. Wood (except small pieces) or oily rags contaminated with 
explosives should be sent separately to the Magazine Ohargeme.n. 

Burning. of Waste Explosive 

7 - 7. ~~en experimental explosives have ~o be destroyed by burning, 
the operation must be carried out, on the approved burning grolli"d by 
arrangement vvith the Hagazine Ohargeman. 

The minirr,um number of lnen should be present on the burning ground. 

The follovving proceclure must be strictly followed:-

(i) Explosives must be burnt only on the steel trays provided 
for the purpose. Before use, the trays and the ground 
surroundll"g them must be inspeqted to ensure that they are 
free from objectionable lnaterial. 

Before destruction of vi8.ste explosive, the grass 
surrounding th€ burning grolli"d is to be well watered, 
especially to leeward. A small fire hose must always 
be laid out in readiness before corrmencipg operations. 
A supply of birch brooms must also be kept nearby in 
order that any grass fire may be extinguished. 

Before explosive is brought up to the trays, it must be 
ascertained that the trays and ground are cold. If 
not., they ·Jy,ust be cooled by watering ,vi th the hose. 

(ii) The maximum quantity of explosive to be burnt in one 
tray for each explosive must be limited to the quantity 
stated in the instructions issued by the Safety Officer. 

(iii) Only one waste container must be taken at a time to the 
trays. After emptying, the container must be removed 
to the edge of the burning ground before another is 
brought up. 
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(iv) Only one kllLa of "explosive Inust be burnt in one tray. 

( v) Propellant should be spread evenly over the tray in a 
layer not greater than three inches deep. 

('1Ti) H.E. should be spread over the tray to a maximum depth of 
tYro inches, and mixed vvi th clean wood shavings or chopped 
wood. It should then be damped with mineral burning oil. 

(vii) Pyrotechnic Compositions and Incendiary Compositions must 
be spread over the tray in a layer not greater than 
1/4 inch deep. It is empl1asized that loose pyrotechnic 
ccmposition, mlless spread out , in a thin layer, may explode 
when ignited, ai-Ld if laid in a heap will almost certainly 
do so. 

(viii)I~ution The explosive must be ignited by means of a thin 
cordite train, at least 10 ft. in length, laid at right 
angles to the ~Qnd direction, and arranged so as to ignite 
the explosive at the lee"ward edge of the tray. The train 
must be set alight by means of a fusee , before the train is 
li~Lted, all personnel must retire to the approved safety 
distance, except the operative who lighwthe train. 

(ix) Misfire Incase of misfire, the ex-plosive must not be 
al)proached for at least five minutes, and then only by 
one man, Y~ho ,,"dll renew the train or take such steps as 
are necessary to proceed with the burning in safety. 

(x) Use of more than one tray If more than one tray is 
required the trays should be at least 5 feet apart, and 
c011llected by a cordite train laid in the same manner as 
that used for igniting the first tray. Not more than 
4 trays are to be u,sed at one time. 

(xi) Residues Yihen the bulk of the explosive has been burnt 
away, and only a smouldering mass of residue remains, the 
contents of the tray may be raked over with the long
handled rake provided. Only one man should approach the 
tray during this operation. When all burning is 
obviously finished, the residues should be quenched with 
water. If any mLconsurned explosive remains, it must be 
collected for subsequent burning. 

(x~i) After the corr~letion of any burning operation, the site 
should be hosed down. 
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CHAPTER 8 

SAFETY PRECAUTIONS IN GENERAL LABORATORY WORK 

Inspection and Cleaning of Wurkrooms and Laboratories 

8 - 1. The scientist vull arrange, by the appointment of a suitable 
member of his personnel, for the routine .inspection at the end of each 
working day of the workrooms under his control. The results of the 
inspection will be entered in the local certificate book .in accordance 
with the Fire Regulations. 

The inspector will ensure that all dangerous materials such as 
oily v~ste, explosives, etc. have been removed, that no inflammable 
material is in contact with steam pipes or where it increases fire risks, 
and that no objects are left in places where they might cause hindrance 
to fire fighting. He vall also ensure that all windpws .are cloped and I 

properly fastened, an~ that all services are turned off at terminal points, 
unless special provision has been made and the necessary notification 
given to staff on duty during closed periods. 

It is important that the above inspection shQuld include any 
rooms temporarily out of use. 

A routine cleaning schedule should he drawn up to ensure regular 
cleaning of every part of each room. This should inclu,de ·.ft weekly 
cleaning of radiators, steam and otper service ·pipes; 1 

Gas Burners 

8 - 2. ¥ilien lighted gas burners are left unattended; the scientist must 
ensure that the rubber tubing, if used, is in ·good condition and protected 
from radiant heat. Special attention should be given to t4e parts of the 
tube at the ends of the metal connections where it i s l~~ble to break. 
Joints should be secured by wire, the tube being wrapped with tape to 
prevent cutting of the rubber. "Jubilee" clips can be used instead of 
vare, and are better. 

Care should be taken that the burner is in a stable position 
Irctected from draughts, and that no inflrumuable material is in the vicinity. 
Vrhere burners have to be left on overnight, in addition to -these pre
cautions, a notification in writing must be made to the appropriate 
authorities, who will arrange for periodic inspection. As far as possible 
all experiments necessitating heating by gas overnight should be carried 
out in rooms approved for the purpose. V{henever practicable, and 
particularly for the more permanent installations, the burners should be 
coru~ected to the ga~main by brass or steel tube. 

Toxic Substances and Fumes 

8 - 3. It is the responsibility of the scientist to ascertain as far as 
possible by consulting the literature or by reference to the Medical 
Dep~rtment or Safety Officer, the toxic properties, if any, of materials 
used in work carried out. Particular care is required in regard to volatile 
substances. It should be noted that many materials commonly handled with 
little precaution e.g., benzene, petrol and many other volatile solvents, 
are dangerous if breathed in concentrations which may be met vath during 

. some ordinary operations carried out vnth them. (see Appendix 7). 
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Precautions shou~d be taken to ensure strict cleanliness in 
handling toxic substances. In particular, persons should not be allowed 
to eat food in rooms where toxic contamination is possible, and smoking 
should be prohibited. When work is in hand requiring frequent use of 
toxic substances, notification should be made to the Safety Officer who 
will arrange vdth the Medical Department for advice as to the provision 
of suitable antidotes or treatments. 

8 - 4. Work involving the production of harmful fumes or airborne du st 
should be carried out in fume cupboards or vdth other adequate draught 
arrangements. If this is not practicable, respirators should be used. 
Respirators vlith suitable canisters covering the range of toxic substances 
likely to be dealt v'Iith are available in the Establishment store. Before 
a respirator is used, care mould be taken to check that it is in llVorking 
order and fitted with the correct canister for the risk involved. 
Respirators should not be worn for periods longer than those for 'which 
they are Immvn to give protection. 

8 - 5. Attention is drawn to the insidious action of certain toxic gases . 
Continuous breathing, for instance, of carbon monoxide, or nitrous fwne s , 
may result in serious illness, even though the atmosphere concerned may 
seem quite tolerable. 

Mercury vapour is highly poisonous; spilled mercury should not 
be left lying about on floors or benches. 

8 - 6. For dealing 'l'vith heavy concentrations of toxic gases, e. g. , in 
emergencies, Gasmasks and Self- contained Breathing Apparatus are available , 
and every laboratory worker should familiarise himself -vvith the use of 
these equipments. 

Vacuum Des iccators (See also para_ 3-29). 

8 - 7. Large vacuum desiccators, especially those which are not spherical, 
are liable to collapse wlder vacuum, and precautions should be taken, 
during and after evacuation, to prevent damage to the surroundings shculd 
a collapse occur. This can be done by fitting the desiccator -vvith a 
:;"Y.'otecting ydre cage, but the risk of accident can generally be 
sufficiently reduced by using the smallest desiccator possible and making 
sure that it is free from flaws, and is of good design. The best type 
has both lid and body .of approximately hemispherical shape. Besides 
being strong enough to stand a complete vacuum, a satisfactory desiccator 
should ce easy to open after it has been under vacuwn for a long t~ne, 
and should. have a suction tube so designed as to prevent the content s 
being disturbed by the inflow of air when the vacuum is croken at the 
rr.aximum rate. 

Centrifuges 

8 - 8. Laboratory centrifuges which are hand cperated should be fitt ed 
vdth protecting screens -v~lerever practi cable. Power driven centrifuges 
r~y only be operated after the installation has been approved by the 
Safety Officer. 

Vacation of Laboratories. Clearance Certificate 

8 - 9. \fhenever a laboratory is vacated, a clearance certificate is to 
be passed by the responsible scientist to the inccming tenant. 

This certificate should certify freedom from explosive or other 
dangerous material for all parts of the laboratory, including the catch . 
pots in the drainage from sinks if any are present. 

Copies of the certificate should be sent to the Safety Of f icer, 
the Establishment . ,~dministrative Officer and the SU1)erintendents concerned. 
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Drain Cont aminati on 

8 - 10. Every care must be taken t o pr event explosive material, waste 
solvent,or mercury getting i nt o t he drai ns. Exits from all laboratory 
s inks shou~d be provided 'Nith cat chpots t o arrest such material, and steps 
must be t~cen to ensure that these are peri odicall y cleared. 

Inflarr.mable Solvents 

8 - 11. The quantity of i nflammable solvents retained in any l aboratory 
should be kept to a mini mum. Special solvent cupboards, out s i de t he 
laboratories, are provided for storage purposes. I n addit i on,main solvent 
stores are available for bulk stora ge . 

8 - 12. On no accoW1t should i nflrunmable liquids be heated by, f l ame, 
electri cally heated hot pl a t e or sand or oil bath. Vfuen steam heating 
is ~practicable an approved f orm of electric heating mantle may be used. 

8 - 13, The distill ation, boil :i_ L g or r efluxing of inflammable liqui ds 
"in glass apparatus always present grave fire risks . Ever y precaution 
should be taken to prevent sprea.d of f ire in the event of breaka ge of the 
solvent container or receiver, iNher e r elatively l arge ·quantit i es of 
liquid are involved, the provi sion of a suitabl e collector , under the 
boil i Ie g vessel is a useful precaution. 

8 - 1 L~. The most important pr ecaution, of course, in wor k with 
inflarmnable l i quids, is t o do i t well away from lighted gas bUrner s, 
electrical hot plates, resi stances, etc, The ideal method is t o i sol ate 
t he work in a r ocm from which all sources of ignition are excluded. A 
less satisfactory but useful, method is to mark off a similarly r estricted 
area in the laboratory. Inflaw~able vapours are generally much denser 
than air, and can flow considerable distances along a bench top befor e 
becoming suffi ciently diluted to be non-inflammable . Carbon di sul phide 
is particularl y danger ous on a ccow1t of its dense vapour and i ts ver y 
low igniti on temperature. Fires have occurred through the vapour of 
carbon disulphide being ignited by steam radiators . It should be noted 
that el ectrical heaters can be accidentally l eft li on" without necessarily 
giving visible indication of it. Instances have occurred -of solvent fires 
started by bunsen burners appar ently lIoutll but , i n f act , alight. I n one 
case the flame was made invisi ble by sunlight , and i n the ot her a burner 
fitted vath a bye-pass feeding a tiny pilot flame had been l eft with this 
flame alight, Bunsens f i tted vat h pilot lights should not be admitted 
into ordinary laboratories. 

8 - 15. If infl ammable sol vents, particularly ether or b enzene, have to 
be poured from metal contai ners , care should b e taken to ensure t hat t he 
container i s earthed by a suitable connecting wire. Othervase ignition 
i s liable to occur by spark due to static electrification. 

8 - 16. Inf l ammabl e sol vent s containing sodium as drying a gent are a 
serious f i re r i sk, and are not pennitted in the main bulk solvent s t or es. 
They shoul d be kept out s i de the laboratory in the local s olvent store. 

Cleani ng of Glass-ware 

8 - 17. The scientist conducting an experiment is responsible for maki ng 
sure that apl)aratus handed t o junior staff for dismantling or cleaning, 
is safe, If r esi dues e.g. sodiwn , hydrogen peroxide, erganic matt er , 
requlrlng speci al treat ment are likely to be present the necessary warnin g 
and instructi on must be gi ven before the apparatus is handed over, 
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Care should be trucen to instruct junior staff in the correct 
methods of cleaning apparatus where cleaning agents such as nitric acid, 
mixtures of sulphuric acid with potassium bichromate etc., are used. 
These acids are capable of inflicting severe burns if they are spilt cr 
splashed on t ") exposed skin. The work should be carried out, whenever 
possible, in a large Sil~( vrith an adequate water supply, and protective 
gloves and goggles should be worn. These reagents may develop violent 
reactions with residues in the al)paratus, and with alcohol, ether etc., 
which are sometimes used to follovr them. Jin explosion has occurred 
through the use of the sulphuric acid-chromate mixture to clean a flask 
containing traces of concentrated hydrogen peroxide. 

8 - 18. For reasons which have already been mentioned, carbon disulphide 
should not be used by laboratory attendants an a cleaning agent, except 
under supervision. 

Concussion from Gun Fire or Bomb Chamber explosion 

8 - 19. In laboratories situated near gun ranges or bomb chambers, 
precautions are necessary to prevent breaking of glass apparatus .y 
concussion. Fractionating columns, for instance, must be carefully 
secured. 

Shelves carrying bottles of solvents, acids, etc., should be 
fitted .with a light rail to prevent the bottles being shaken off. 

Glass Cutting andA~paratus Assembly 

8 ~ 20. Broken glassware is a frequent cause of inj~y, in Chemical 
Laboratories. 

It is essential that no-one should be allovved to cut glass 
tubing and assemble or di~nantle glass apparatus who has not been trained 
to observe the following rules:-

(a) Use a duster or other suitable protection of the hands 
in all possible operations with glass e.g., when snapping 
glass tube after notching it or when forcing a tube into 
or out of a stopper. 

(b) Fuse the cut edgeS of all t~bes vmich are to be inserted 
into stoppers or rubber tubing. 

(c) When pushing a tube into a stopper always use a lubricant 
and employ a tvrist motion. Hold the stopper against a 
firm surface until the end of the tube is through the 
perforation. Grasp the tube close to the stopper, 
never more than one inch a'way. 

(d) Examine glassvvare carefully before use and reject any 
shovdng signs of flaws. Fused joints should be care
fully annealed to dissipate strain. For critical joints 
it is advisable to test by means of a strain detector 
employing polarized light. 

( e) Scrap bruken glassware imrnedia tely or make it safe. 
Never put it into a drawer or cupboard. Never put 
broken-ended, tubing back into stock} cut the ends clean 
and fuse them. 

(f) Never accumulate bent glass tubing in a drawer. 
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..:;Gc.:;;l;...a..:;s;...s;...,..;.il:.",,:p;.J,p;...ar_a_t_u_s-,,-. __ "...;,Burn __ iI2:.g Glass" Effect 

8 - 21. Instances have occurred of fires started in laboratories through 
the focussing of sunlight by globular pieces of glass apparatus, e.g., 
vvashbottles. The risk is, of course , particularly great when explosives 
are present, but should be guarded against generally. 

Gas Cylinders 

8 - 22. Compressed gases supplied commercially in cylinders' are of three 
types:-

( a) 

(b) 

( c) 

"Permanent" gases ( e.g., oxygen, nitrogen, carbo~ monoxide, 
coal gas, methane) at a pressure of up to 1,980 ib. per 
square inch in rOUl"d ended cylinders' which can be stored 
or used in either the vertical or horizontal position. 
The cylinders for inflam~able or toxic gases are usually 
provided vvi th a screwed collar to ' take a ,Tal ve 'cap, but 
caps are usually absent. 

"Liquefiable" gases e.g., ammonia, carbon dioxide, sulphur 
dioxide, chlorine, hydrocyanic acid, phosgene, ethylene, 
nitrous oxide, methyl chloride, in round or flat-based 
cylinders which must be stored upright and used upright 
(unless it is intended that they should ,deliver liquid). 
The cylinders usually are issued vdth valve caps. 

Dissolved gases, of which the only present example is 
acetylene dissolved in acetone under ~ pre sure o~ 225 lb. 
per square inch. The cy~inders are flat based 'and must 
be stored and used upright. A valve cap ring is provided, 
but under present conditions valve cap s are usually not 
available. 

Precautions applicable to all types of Compressed Gases 

8 - 23. (i) 

(ii) 

(iii) 

As an aid in identification, a colour code f or gas 
cylinders (see Appendix 4) has been introduced by the 
British Stand8.rds Institution. This code is, however, 
not yet in full use and it is necessary to refer to 
stamped markings or attached labels t o be sure of the 
identification of . a cylinder. 

To prevent the interchange of fittings between cylinders 
of combustible and non-combustible gases, the valve outlets 
are screwed left an~ right hand respectively. This 
difference in ~hreads is maintain~d on all accessories 
such as pressure regulators, adaptors, hose connectors 
etc., sold by appliance makers for use with cylinders, 
but does not apply to the valve spindle on the cylinder 
valve which is always closed by turning to the right. 

vifhen mains gas is used in conjunction with compressed 
oxygen or air (whether from a cylinde:r or from the mains), 
or when a ccmpressed inflammable gas is used in 
conjunction vdth air from the mains, a non-return valve 
must be fitted to the mains supply_ Valves for this 
pUX}Jose are supplied ~y the appliance manufacturers. 

28. 



(iv) · rThen in use, cylinders should be held in the approved t ype 
of stru!d or firmly clamped to a bench, and must be placed 
well av~y from sources of heat. 

(v) Cylinders should be transported only on the special trucks 
supplied for the purpose by the Stores Officer, and must 
al,~ys be handled vuth care. Instances have occurred in 
which the dropping of a cylinder has caused it to explode, 
and careless handling 0: .a cylinder may result in the valve 
head being broken off. With a permanent gas this accident 
can cause serious injury through the violent projection of 
the cylinder caused by the escaping gas. If the cylinder 
has a valve cap it should alv~ys be put on during handling 
and transport. To prevent accident due to building up of 
pressure in the valve cap in the event of the cylinder 
valve leaki~g, valve caps are provided with a vent. Before 
fitting a valve cap it should be confirmed that the vent is 
not t locked, 

(vi) l:fuen gas is not being taken from the cylinder the cylinder 
valve must be closed. .It is unsafe to leave the cylinder 
valve open with a valve elsewhere on the system closed. 

(vii) No undue force should be used in openinc or clGsing cylinder 
valves. If the valve does not turn ylith moderate force 
the gland nut should be slackened slightly, if this does not 
ease the spindle, the gland should be re-tightened and the 
cylinder returned to store for special treatment. No 
attempt should be made to correct a leaky valve by forcing 
the valve spindle on to the seating. The valve should be 
opened slightly to allow it to clear and then closed firmly 
but using no more force than can be applied ty one hand . on 
the key. If repetition of this treatment fails to remedy 
the leak, the cylinder should be taken into the open and 
discharged llilder suitable precautions, 

A leak at the valve packing will only be evident when the 
valve is open and can usually be remedied by tightening 
the gland nut. 

(viii)Run dovm cylinders should al~ys be left vlith the valve 
closed to prevent air diffusing into them. 

(ix) No oil or grease should be used inside or outside any valve 
fitting, or pressure regulator. 

(x) Gas cylinders of all types are liable to explode when heated 
and are, therefore, a serious addition to the fire ·risk of 
a building. This should be taken into account when 
deciding where to use them in a laboratory. ¥ilienever it 
is practicable they should be removed to a fire proof store 
or isolated builaing overnight. Always use the smallest 
size cylinder adequate for the werk. 

(xi) Gas cylinders ·whether full or empty shoulcl not be used as 
mandrels for bending sheet metal et0. or as rollers to 
move heavy equipment. 

(xii) Gas cylinders should be returned to store irrmediately they 
become empty. They should be clearly labelled IlEmpty". 
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Special Precautions 

8 - 24. PermEU1ent Gases 

( i) Cylinders of per manent gases should only be used ,~th a 
pressure r egulator attached. Bef ore the r egulator is 
fitt ed, the cylinder head and the r egulator connections 
must be cleaned f r ee from dirt. The cylinder valve shou~d 
always be opened gently; sudden release of the gas into 
the regulator may cause local heating by adiabatic 
compression and part icles of grit propelled by the gas may 
become heated by friction. With an inflammable gas there 
is a risk of its being ignited, and with oxygen, combustible 
material in the regulator and even metallic parts of the 
regulator may be ignited. For this reason, cylinder 
fittings should never be oiled and jointing materials such 
as red lead or vmite lead containing organic matter, and 
ccmponents containing aluminium or magnesium should be 
excluded from apparatus in which compressed oxygen is used. 
Oxygen cylinders should not be handled with greasy hands, 
gloves or rags. Oxygen should never be used in place of 
compressed air or nitrogen for pressure testing, cleaning 
etc. Several serious explosions have cccurred through 
neglect of this rule. 

Inflrurunable Gases 

(ii) In the B. S. Colour code, cylinders of inflammable gas are 
coloured red, except acetylene cylinders which are maroon. 

Cylinders of i nflammable gases should only be used in 
positions remote from flames, electric heaters etc. and in 
well ventilated positions. Inflaromable gases should never 
be released into the air or allowed to escape into a 
l aboratory fmne extraction system~ 

It should be noted that the sudden discharge of a compressed 
inflrumnable gas into the air from a cylinder has on more than 
one occasion resulted in its catching fire. 

Ac~tylene 

(iii) Acetylene cylinders are liable to develop internal heating 
if improperly used. If a cylinder is found to have become 
hot the valve should be closed and the regulator detached. 
The cylinder should then be taken into the open air and 
cooled by immersion in water or by means of a fire hose. 
When cool the cylinder should be taken to a suitable place 
distant from buildings and flames and the gas allowed to 
escape by opening the valve. 

Cooling should be continued if practicable. 

If ga s is drav-al from an acetylene cylinder too rapidly, 
there is a risk of its being 'diluted with acetone vapour. 
The hourly rate of vvithdrawal should not be greater than 
2Q'c of the content of the cylinder. 
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Capper reacts with acetylene to fOrrrl an acetylide which is 
a very sensitive explosive. No pipe or fitting of copper 
or ·any alloy containing more t han 7q% of copper should be 
allowed to come in contact with acetylene. 

Toxic Gases 

( iv) In the B.S. Colour code, cylinders of toxic gases have a 
yellow band. 

Cylinders containing toxic gases must not be brought into 
a laboratory without permission fr~m the Head of the Section. 

When using a toxic gas, it is a good plan to fix the 
cylinder in the open air and lead the gas into the laboratory 
through a tube. Adequate protection of the cylinder from 
rain and, in hot weather, from the direct rays of the sun, 
should, however, be provided. 

Before work vdth a toxic gas is started, it should be 
confirmed that appropriate protection in the form of 
respirators etc. ,is ready to hand. It should be noted, 
hov-fever , t hat respirators are only adequate to deal with 
moderate concentrations of gas, and that an emergency such 
as a cylinder which is freely discharging into the air can 
only be safely dealt with by mem-ls of a self-Qontained 
breathing apparatus. 

Liquid Air, Oxygen and Nitrogen 

8 - 25. Containers for these liquefied gases depend for their efficiency 
on the maintenance of a high vacuum in t he insulating chamber. If this 
chamber is damaged by rough handling the vessel ·will be ruined. Containers 
must, therefore, not be dropped or lcnocked. 

It should be remembered that liquid air, oxygen and nitrogen are 
continually evaporating and a vent must always be provided in any vessel 
in which they are stored or used. If the vent i s closed, bursting of 
the vessel will result. The use of any type of pl~g, e.g. cotton or 
glass wool, is dangerous because it may beccme coated vdth ice owing to 
freezing of moisture from the a tmosphere. For the same reason it is 
dangerous to leave a glass or metal funnel in the neck of the vessel. 

Should the outlet of a liquid gas container become obstructed 
by ice the blockage shOUld be cleared as follows:-

( a ) 

(b) 

Remove vessel to an Ul1congested area. 

Puncture the ice with a clean piece of stiff wire. 
not attempt to use heat. 

Do 

(c) Be on the alert for the possibility of a burst. The 
f ace and hands should be protected by a mask and gloves. 

When pouring liquid gases it is advisable to have the hands bare. 
Splashes on the skin are harmless but frost bite may result if contact is 
prolonged e.g., through the liquid entering the glove. 
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Liquid oxygen should. only be used or stored under conditions 
which ensure adequate dilution of the escaping gas; othe+vrise the 
increased oxygen concentration near the apparatus or container causes an 
increased fire and explosion risk, particularly since liquid oxygen can 
itself cause spontaneous ignition if it comes into contact vdth oil, 
gr-ease or other combustible material. Liquid oxygen should, therefore, 
not be used in place of liquid nitrogen for cooling traps or metals and 
~specially not for cooling combustible matter. 

Gas Syphons 

8 - 26. The precautions detailed in the above paragr-aph are in part 
applicable to the use of sulphur dioxide, phosgene, etc., in glass syphons, 
particQlar care should, however, be taken not to place them where they can 
be ac~identally heated, or broken by objects falling on them. 

Sealed Glass Tubes 

8 - 27. Sealed glass tubes containing reagents or specimens may develop 
pressure on standing. They should always be opened with care, the 
operator using cloth protection for the hands, and wearug goggles. 

Pi-pettes 

8 - 28. Corrosive or dangerously toxic liquids should never be pipetted' 
by mouth suction. • 

Pipetting of hot or volatile liquids is also dangerous and sh~uld 
be avoided. 

Vacuum Distillation 

8 - 29. Glass apparatus under vacuum is liable to disrupt violently if 
the vacuum is broken suddenly. Suitable means of gently admitting air 
should, therefore, be p.covided and care taken not to subject the apparatus 
to strain or blows vvhich may crack the glass. Rubber stoppers are liable 
to be sucked into apl)aratus under vacuum, particularly if they beccme 
softened by heat, they should, therefore, be large enough to give a tight 
fit vrith an ample margin protruding from the closure. 

Testing of Vacuum A-pparatus 

8 - 30. The testing of vacuwn apparatus for leaks by subjecting it to 
internal pressure requires to be carried out .vith great care if the 
apparatus is wholly cr partly of glass. Precautions should be taken that 
no injury can result from an accidental burst. 

Gas-fired Furnances Crucible furnaces 

8 - 31. In order to avoid risk of explosion the following technique is 
recorrnnended for lighting and closing do'l'':'.1. gas fired crucible furnaces in 
which gas and air under pressure aL'e fed through concentric nozzles. 

(a) Open the lid of the furnace. 

(b) Place a lighted piece of paper inside, or a lighted taper 
across the top edge, then turn on the gas. 

( c) rfhen the gas is alight, slovvly turn on the air. 
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(d) Close the furnace. 

(~) Adjust flame by opening or closing the air and gas 
valves in &nall stages. 

( a) Opep the lid. 

(b) Turn off the gas. 

( c) Turn off the air. 

If it is not desired to open the lid it is even more .important 
to turn the gas off before the air. 

:Muffle Furnaces 

8 - ; 2. To light:-

( a) Close all the jets by means of their individual t aps 
except the one adjacent to the lighting hole. 

(b) Apply a lighted taper to the lighting hole and turn on 
the main gas tap. 

(c) Turn on the remaining jets one at a time starting frcm 
the jet next to that already lighted. 

To close down:-

T·urn off main tap. 

Melting of Metals 

8 - 33. If a new crucible is to be used it should be dried slowly in the 
furnace, with the lid open, before use. 

A new crucible may explode 'lath considerable violence if heated 
rapidly. 

If additions have to be made to a molten bath each piece must be 
well dried or a serious explosion may result. 

In aading certain metals, e.g., zinc cr cadmium (which have low 
boiling points) to a molten bath of high melting point metal such as 
copper, e. g., in rnaking up a brass, there is usually a slight "blow cut" 
of molten metal. It is, therefore, essential to keep well out of range 
of this ejected material. 

Skimmers or stirrers should always be well heated before use. 

Care should be taken to provide adequate ventilation to remove 
any toxic fumes produced in furnace operations. 

Casting of Metals 

8 - 34. l'vletal moulds should be dried thoroughly by heating to above 
1000 e. before use. Mould dressing containing Yiater may cause a bloYv
out if the mould is not well aried after watering. 
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Electric Arcs and Gas Yielding Flames 

8 - 35. Protection of operators against radiation from "wIding arcs or 
flames is normal procedure but it is often forgotten that persons up to a 
distance of thirty feet, even outside the lines of direct radiation, may 
suffer. , Hooms in which there are open arcs should be painted dull black 
to absorb visible and invisible (infra-red and ultra-violet) radiation. 
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OF..APTER 9 

Safety considerations in Plant Design 

9 - 1~ The follovang notes have been compiled t o draw attention to 
matters which require consideration both i n the design of plant and the 
carrying out of experimental plant work generally. 

Ohoice of materials of construction 

(a) Ohemical compatibility. 

(b) Friction or impact effects of surfaces vfith the ex-plosives 
or other materials involved. 

(c) Spark producing materials. 

(d) Oorrosion 

These factors must be considered not only with the metals of 
construction but I'vith all the materials which might be involved e. g. , 
gland packings, gaskets, tools etc., under the conditions of temperature, 
pressure and concentrations arising in the working conditions of the 
proposed plant . 

Toxicity 

9 - 2. It is a statutory requirement that per sons employed are to be 
protected against the inhalation of dust, ~nes or other impurities which 
are given off, although these may not be definitely dangerous but merely 
offensive. 

The pr~nary requirement is to instal local exhaust ventilation, 
as near the point of origin as possible, and only where this is 
impracticable is the principle of dilution by general ventilation recognised. 

It is also necessary to prevent any accumulation of dust or fumes 
in the workshop. 

FxploRion risk of gas, vapour or dust 

9 - 3. In plants or processes which produce inflammable dust, gas or 
-~ne, attention must be given to the possible risk of explosion. If this 
risk cannot be elimil1a ted eA'j?losion reliefs should be provided in the most 
suitable positions in the plant. 

It should be remembered that "flash-backll can occur over 
distru1ces of many feet and suitable arrestors cr purging devices should 
be provided wherever possible. 

Interlock and control systems 

9 - 4. Use should be made, if practicable, of remote control and inter
locking controls on any hazardous process. 

Provision of Safety gual~ds 

9 - 5. . It is a statutory requirement that all transmission and dangerous 
lnachinery must be securely fenced. Advice on this subject can be obtained 
from the Safety Officer. 

35. 



Pressure vessels 

9 - 6. With a few exceptions, regulations exist, under the Factories Acts, 
of pressure vessels relating to the strength of construction and the 
provision of suitable safety relief devices and gauges. Reference should 
be made to B.S.1500/1949 and other related British Standards. 

Pressure vessels should be constructed to the satisfaction of and 
subject to inspection by the insurance company employed by the Esta-::Jlishment. 
It is normal for an examination to be made by the insurance company's 
inspector of each vessel every year, the annual certificates should be filed 
with the original. 

It is usual for the test pressure to be set at twice the working 
pressure up to pressures of 2000 lb. per square inch, over 2000 lb. the 
test pressure is twice the working pressure plus an additional 1000 lb. 

Methods of pressure rele~se must be so positioned as to be unlikely 
to cause injury to personnel in the event of their operation, and remote 
methods of cut off of energy supply should be incorporated in the design. 
Draining and flushing devices should be included where necessary and these 
should be so positioned as to give the max~num accessibility. 

Electrical installations 

9 - 7. Flameproof electrical equipment is necessary for use in places 
where certain fumes or vapours 'are produced, but it may prove that the 
precise equipment required for the particular service is not manufactured. 
In these circumstances recourse must -be made to other f orms of energy 
supply such as air, water or oil. -

Alternatively the motors, lighting and svatchgear may be sited 
outside the workroom where the fumes or vapours arise. In passing driving 
shafts through vvalls or partitions the entry gland must be sealed to 
prevent the egress of dangerous fumes or vapours. 

Emergency stopping arrangements must be provided vathin irr@ediate 
access of all machine operators. 

-Wherever the failure of the mains supply would introduce special 
danger b~ any process, an alternative ~nergency supply must be provided. 

Attention is drawn to the B.S.T.C. regulations which govern the 
electrical installations in explosives buildings. 

Valves and stop Cocks 

9 - 8. The choice of valves and stop cocks to be used on explosives 
plant is a complex matter and advice should alv~ys be sought. In general, 
valves operating on the diaphra@ffi or pinch clip system are more acceptable 
provided they are not quick acting. Other points to be considered are:-

( 1 ) 

( 2) 

The nipping of lnaterial between unsuitable surfaces. 

The trapping of air or gas in the valve which could give 
rise to the cavity effect. (See para. 1-~2). 

The method of securing valve stems. 

The method of lubrication. 
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Drovu1ing and drenching devices ' 

9 - 9. Oonsideration F3hould al'ways be given to the possibility of" 
providing, dro'Wnmg tanks or drenching devices for charges which m!iy become 
overheated or for ' reactions which get out of hand. 

Such arrangements can also often be used for the washing out and 
drainage of the plant in normal working. 

Run-offs to drovming tanks should be in the form of open troughs 
as the confinement caused by closed pipes may increase the risk of explosion. 

Temperature and pressure control devices 

9 - 10 • Wherever the safety of a process demands the close control of 
temperature or pressure and thermostats and the like are provided, these 
instruments should be duplicated, and if they have to be energised each 
equipment should obtain its power from a separate sour~e . 

Fencing 

9 - 11. It is a statutory requirement that large vessels which contain 
dangerous materials shciuld be fitted with lids or be securely fenced unless 
the edge of the vessel is more than three feet above the adjoining ground 
or platform. Gan~-~ys crossing open tanks must also be fenced to a 
he'i ght of three feet. 

Where a per son has to work at a place where there is a risk of 
injury by a fa l l, means for ensuring his safety must be provid3d. 

Oranes, lifting tackle, mechanical hoists 

9 - 12. 11anual or mechanically operated equipment of the above types 
must conform to the safety requirements of the process on which they are 
used, in addition to complying ¥dth the statutory regulations regarding 
strength and design. 

All cranes, lifting gear etc., must be tested annually by an 
independent body to ensure that the safe lifting load of the equipment 
is established and that it is maintained in safe working order • . 

The period bet ween inspections of equipment necessarily exposed 
to a corrosive atmospLere should be shorter than that f or equipment in 
normal use. 

In the same v~y any rope slings used in these surroundings should 
be frequently inspected and tested. For use in strongly corrosive 
atmospheres nylon rope slings are recommended. 

Glands and bearings 

9 - 13. As a general rule bearings on explosives plant should be designed 
to avoid contact with explosive, either by position or by the use of 
sealing glands, collars or reversed threads t u prevent material creeping 
into the bearings or gears . In some cases 'Nhere the friction of packing 
materials may be undesirable, open glands should be considered. 
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Vessels liable to sudden abnormal ~_~essures 

9 - 14. Vessels w]".ich may be subjected to sudden high pressures due to 
lIfume off" etc., should be designed, either to withstand the pressure, 
or be provided vath means of relief so positioned to avoid injury to 
operators. 

s tatic risks 

9 - 15._ These are dealt with in paras. ~~ -20 tc 3-22). 

~~choring of movable parts 

9 - 16. lvlovable l)arts such as nuts, etc. which might be liable to work 
loose and fall into contact with explosive should be secured by wire, 
vrelding or other suitable means. 

Cleaning of plant 

9 - 17. I rOVlSlon should be made for the easy cleaning and washing out 
of all plant, by providing easy means of access and drainage. 

Fwne ducting should be of such size that it can easily be 
cleaned internally. 
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CHAPTER 10 

D~TGEROUS CHEMICALS 

Transport and Handling of Dangerous Chemicals 

10 - 1. Bottles containing acids, inflammable liquids, or other dangerous 
substances lllUst only be transported in the special carriers provided. It 
is the duty of the scientist to warn his subordinate staff of the risks 
involved in careless handling of t hese materials. On no account should 
these special carriers be transported by bicycle. 

10 - 2. carboys , ·whether their contents are dangerous or not, must only be 
transported on a truck approved for the purpose by the Safety Officer. 

Carboy s containing strong acids or alkalies must be handled with 
precaution. The operators should wear rubber gloves, and when pouring 
acids or aDcalies , should also wear protective goggles, Particular care 
is required in removing the stopper from a carboy if the carboy is very 
full, 

10 - 3. In all operations involving the pouring (except fr cm small and 
easily handled containers) of corrosive liquids, e.g., acids, alkalies, 
cromine, nitro~en peroxide, concentrated hydrogen peroxide, etc. (see 
list para,1C-4I (' I protective goggles and gloves should be worn, and a supply 
cf water should be at hand. It should be noted that rubber gloves are 
slippery when wet, but that types vrith roughened surfaces are available 
vvith which this trouble is much reduced. 

Some of the chemicals referred to above, e.g. bromine, nitrogen 
peroxide, concentrated nitric acid, etc, produce extremely irritating 
fumes, and should only be handled ~n a fume cupboard or in the open from 
the vrindward side. 

it 
It shculd be noted that concentrated hydrofluori6 acid can cause 

very dangerous burns. 

10 - 4. In all laboratories , workshops and stores where corrosive liquids 
have to b e hruldled, an eye wash bottle containing a buffer solution of the 
cOITIf c .:::tion given below must be kept ready for use. The bottle should be 
of the special first aid type which can be used by the injured perscn 
himself. Either the type which operates by gravity flow on being inverted, 
or the polythene spray type which is worked by squeezing the bottle. 

Composition of solution:-

Potassium dihydrogen phosphate KH2P04 
Disodium hydrogen phosphate Na2HP0412H20 
Distill ed water 

70 grammes 
180 grammes 
850 grammes 

In laboratories where large amounts of corrosive liquids are 
handled, or where nitrations and similar operations are carried out, 
there should also be available a lightly covered vessel, about one foot 
in diameter and four to six inches deep, contai ni ng a large amour.t of the 
above solution, 

. These appliances must be plainly labelled and kept in an easily 
accessible position. 
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storage of Dangerous Chemicals 

10 - 5. The storage in laboratories and workrooms of dangerous chemicals 
in excessive quantities or under unsuitable conditions may involve hazards 
comparable with those arising from incorrect storage of explosives. The 
following rules give the approved laboratory storage conditions for a 
number of dangerous chemicals , and may be used as a guide in choosing 
suitable conditions for other dangerous substances not mentioned. 

Oxidising Materials 

Chlorates, bromates, iodates, perchlorates, pennanganates, 
persulphates, chromium trioxide 

10 - 6. Thes e may be kept in chemical laboratories in glass bottles 
containing not more tban 500 gm. In pyrotechnic workrooms the stock 
bottles may have tvrice this capacity. All larger stocks must be kept 
in approved storerooms and records of quantities kept as for explosives. 

Perchloric Acid, concentrated hydrogen peroxide, metallic peroxides 

Quantities not greater than 100 gm. may be kept in chemical 
laboratories . Larger quantities must be kept in a dangerous chemical 
store outside the laboratory. 

Organic nitrates. nitrites, peroxides 

10 - 7. To be stored as sensitive eA~losives in a locker magazine. 

Spo r. taneously Inflammable or Easily Oxidisable Substances 

Phosphorus (V{hite) 

10 - 8. :Must be stored under water in glass (not metal) containers in a 
dangerous chemical store; care should be taken that the store is warmed 
during cold weather to prevent freezing. 

Phosphorus (Red), sodium sulphide (anhyd.) Metallic alkyls, 
pyrophoric metals 

10 - 9. Must be stored in a dangerous chemical store. 

Corrosive Substances and Toxic Materials 

Bromine 

10 - 10. May be stored, in the original bottle as supplied, standing on 
a porcelain tray in a fume cupboard or in a dangerous chemical store. 

Sulphur dioxide 

Must be kept in a fume cupboard. 

Fuming nitric acid 

May be kept in quantities not greater than 200 c.c. in a bottle 
standing on a porcelain tray in a fume cupboard, or in a dangerous 
chemical store. 
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Concentrated nitric, sulphuric, hydrochloric, acetic acids, mixed 
acids, oleum 

May be kept as bench reagents in bottles of not greater than 
500 c.c. capacity standing at bench level on porcelain trays. All other 
stocks to be kept in an acids store outside laboratory, or (if only small 
stocks are required) in a reserved area in the laboratory where the bottles 
can be kept on a tiled surface or in an acid resisting tray. 

Dimethyl sulphate, sulphur trioxide, chlorsulphonic acid, 
titanium tetrachloride, stannic chloride, hydrefluoric acid 

May only be kept in a dangerous chemicals store outside laboratory. 

Acetyl chloride, acetic anhydride, benzoyl chloride 

May be kept, in quantities not exceeding 100 gu., in a f'ume cup
board, the bottle standing on a porcelain tray. All other stocks to be 
in an acids or dangerous che~cal store outside laboratory. 

Inflammable Liquids 

10 - 11. May be kept on laboratory benches and reagent shelves, but not 
in cupboards, in bottles containing not more than 500 c.c. or in flasks 
containing not more than 250 c.c. except in the case of carbon disulphide 
where reagent bottles containing not. more than 250 c.c. must be used. 

All other stocks of inflammable solvents must be kept in a 
solvents store outside the laboratory. 

Materials which React Dangerously with Wate+ 

Potassium, sodium, etc. 

10 - 12. May be kept in quantities not greater than 50 gu., under naphtha 
in bottles standing on a porcelain tray. Larger stocks to he kept in a 
dangerous chemicals store outside the laboratory. 

IVIagnesium powder, aluminium powder 

k nounta not exceeding 500 gu., in glass bottles with rubber 
stoppers may be kept in laboratories. Sections requiring to use larger 
amounts must store them under restrictions similar to those applying to 
explosives. 

Metallic phosphides 

Must be kept in a dangerous chemicals store. 

Ether 

10 -13. (See para.11- :~) 

10 - 14. The storage of corrosive and toxic chemicals even in an approved 
dangerous chemical s tore presents another hazard which is not always 
appreciated. It is that such storage produces an atmosphere in which 
ordinary labels quickly disintegrate and doubts as to the contents of 
various bottles will arise. 
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The most satisfactory method of labelling is to seal a paper 
label, on which the name of the substance has been written in Indian ink , 
inside a glass tube which is then dropped into a bottle. · If exterior 

labels are used they should be varnished with a silicon resin varnish 
similar to type LR/3610. The area of the varnish should be extended 
beyond the edges of the labels on to the glass for at least half an inch. 
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CHAPTER 11 

SPECIFIC CHEMICAL RISKS 

11 - 1 . In this Chapter, attention is called to a number of chemicals 
the explosive nature of which is coromonly overlooked or which , whilst not 
in themselves explosive, may produce explosi on or violent react ions under 
certain conditions. It should not be regar ded as a complete guide; 
experience is constantly adding to the list of chemicals which, either by 
themselves or in mixtures, may present unexpected risks. (See para. 11-1 ~). 

11 - 2. Ethyl ether tends to form explosive peroxides which may produce 
unexpected explosions when it is distilled, evaporated or, in extreme 
cases, when merely heated. The formation of the peroxides is accelerated 
by sunlight, stocks of ether should, therefore, be kept in obscured- glass 
bottles or otherwise protected from s~i&~t, and should be regarded with 
suspicion if they have been in stock a long time. A test for peroxide in 
ether is given in Appendix 5. Similar peroxides are also formed by some 
other ethers, e.g., dioxane and di-isopropyl ether. 

Inorga~~ Peroxides and Per-salts 

11 - 3. Peroxides should be handled with care. Hydrogen peroxide of 
high concentration vall ignite fabric, oil , wood and certain resins with 
which it comes in contact, and is liable to decompose violently if 
contaminated even vath minute traces of certain catalysts. It should be 
stored only :i.n glass'ware, earthenware, aluminium, or approved stainless 
steel containers, and carefully protected against accidental contaminatien. 
Sodium peroxide react s violently vvi th water, and if mixed with wood , cotton, 
sulphur, aluminium, etc. in the darr~ condition it is liable to inflame. 
It should not be put ll,to paper or cardboard containers. Barium perexide 
is less dangerous than sodium peroxide, but should be protected from damp, 
and kept a~ay from organic matter, sulphur, powdered metals etc. 

Per-salts have similar risks to those of peroxides, the perborates 
being probably the least dangerous. Persulphates when moist are 
particularly reactive vvith metals, and may produce igniticn when mixed 
with them. 

Arrmonium perchlorate, perbromate and periodate are explosive, the 
periodate is very sensitive to friction, 

Organic Peroxide 

11 - 4. Organic Peroxides are explosive and should be handled with 
precautions. They should only be stored in the wet condition. Benzoyl 
Peroxide has been knovm to exploce spontaneously. Acetyl Peroxide when 
dry is a very sensitive and violent explosive. 

11 - 5. Perchloric acid, used as an analytical reagent, is liable to 
cause explosion. Before any method involving its use is undertaken, the 
literature should be consulted to ensure that a safe technique is obtained. 

All the above-mentioned oxidising agents ferm explosives when 
mixed with carbonaceous material, sulphur, aluminium, magnesium or other 
easily oxidisable substances. Many of the mixtures are extremely 
sensitive. 
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11 - 6. Silver salts when mixed with ammonia, as for example in the well 
l<novm process for silvering mirrors, may produce an explosive compound. 
This process must be carried out vrith great care, using an approved 
"formula". Solutions after use must not be kept. 

11 - 7. Devarda's alloy when used as a reducing agent is liable to give 
an explosive mixture of hydrogen and air in the apparatus. It is 
advisable to prevent this by passing an inert gas through the apparatus. 

11 - 8. Nitrogen chloride, which is an extremely sensitive explosive, may 
be formed by the action of chlorine on rumnonia or ammonium salts in 
solution. 

11 - 9. Acetylene forms highly dangerous explosive compounds with copper 
and silver, and should not be brought into contact with these metals or 
their salts. 

11 - 10. Inorganic nitrates give inflammable miytures with carbonaceous 
matter and other easily oxidisable substances, but the mixtures are 
normally much less sensitive than those formed by chlorates, peroxides, 
etc. Wooden casks which have been used for rumnonium nitrate, and sacks 
used for sodium nitrate, are highly inflammable. 

11 - 11. Sodium hypoph~sphite (NaH2PO ), gives explosive mixtures vrith • 
nitrates, the one formed with lead ni~rate is very sensitive and violent. 

11 - 12. Carbon monoxide forms highly toxic carbonyls with metals. 
carbonyl vapour may explode when heated to 60oc. 

Nickel 

11 - 13. Sodiwn azide although non-explosive, is a serious hazard in case 
of fire, on account of the formation of free sodium on heating. 

Mixing of Reagents 

11 - 14. The mixing of reagents may sometimes lead t o reactions of 
unexpected violence, even giving fire or explosion. Heating of 
apparently harmless mixtures may also give similar surprises. 

The follovang examples have been collected from various reports:-

Glycerine and nitric acid 
Glycerine and solid permanganate 
Concentrated hydrogen peroxide and permanganates 
Concentrated hydrogen peroxide anti hydrazine hydrate 
Concentrated nitric acid and organic substances generally, 

particularly amines, aldehydes, alcohols, esters, and ketones. 
HYdrazine nitrate and solid permanganate 
Hydrazine nitrate and metallic nickel (on heating) 
Bromine and red phosphorus 
Lead nitrate and potassium acetate (on heating) 
Phthalic anhydride and cupric oxide (rn heating) 
Sodium hypophosphite and sodium cl1lorate (on heating) 
Sodiwn nitrite and sodiwn thiosulphate (on heating) 
Sodium nitrite and potassium ferrocyanide (on heating) 
Chromium trioxide and acetic anhydride (See Chem.& Ind. Nov.27, 

1948) 
Hydrogen peroxide and staru10us chloride 
Alwniniwn powder and copper oxide (explodes en heating) 
Potassium permangru1ate and concentrated sulphuric acid 
Metallic sodiwn and mercury 
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sty~ene and maleic anhydride (may develop violent reaction 
even ... vith m.:t cat ::.:.J;rst) 

1,3-Dichloro-5 ,5-dimet hylhydrantoin and xyLene 
N-Chlorosuccinimide and benzylamine 
N-Chlorosuccinimide and aliphatic alcohols 
N-Bromo succinimide and hydrazine hydrate 
N-Bromosuccinimide and diallyl sulphide 
N-Bromosuccinimide and aniline 
Tri -N-brcmomelamine 
3~Nitro-N-bromophthalimide and tetrahydrofurfuryl alcohol 
2-Chloro-methylthiophene (may explode spontaneously - see 

Chern. Eng.News 1952. 30. (24) 2546, 30.(32) 3352. 
Mixtures of oxidising substances such as ammonium nitrate or 

potassium cr~orate ffi1d organic matter (or clothing) 
Active carbon with ammonium nitrate 
Rags soiled vrith paint or with a drying oil 
Rags and concentrated sulphuric acid 
Yvood fabrics vrith concentrated nitric acid 
Aluminium wit!. chlorinated organic compounds 
Perchloric acid with, alcohol 
Sodium or potassi~un with water 
Alwniniwn powder ... vith ru~monium persulphate and water 
Chromium trioxi de with sulphur, glycerol ")r organic matte:t:'. 
Organic matter vrith aluminium (alloys) in nitrate-nitrite salt 

bath 
l~nmonium nitrate vrith zinc powder and water 
Barium rhodanide with sodium nitrate 
Nitric acid vrith thiophene or ... vith hydrogen iodide 
Nitrates -vrith certain esters 
Nitrite vrith potassium cyanide 
Peroxides vath magnesium, zinc or alwninium 
Chlorates ffi1d perc~~orates vrith sulphuric acid 
Nitric acid "vith zinc, magnesium or other metals 
Halogens with amnonia or ammonium salts or their solution 
Phosphorus vath nitric acid, nitrate, chlorate 
Mercuric oxide vath sulphur 
Magnesium and a l uminiwn with chlorate or nitrate 
Nitrate "vith stalLnOUS chloride 
Magnesiwn "vith phosphate, sulpha"te, carbonate and many oxides 
Oxalates of heavy metals 
Liquid air or oxygen vath organic matter 
Concentrated per formic acid which is unstable and may explode. 
Carbi des, particularly those of copper and silver which are 

very explosive 
IJ i quid ammonia and mercury may form an explosive compound 
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CHAPTER 12 

SJIF,DTY. OF ELECTTIIC.L'.L EQUIPMENT IN LABORATORIES 

Permanent or Semi-l)er manent COlmections to the SUl)-ply Mains 

12 - 1. Connections to the electric supply mains to meet a permanent or 
semi-permanent eX"perimental requirement should not normally be made by 
scientific or laboratory staff, but by a qualified electrician 
(requisitioned through the ]~stablishment Engineer) or by some other 
properly qualified person. _ This procedure should, for example , be adopted 
fer the installation of electric motors (other than fractional H.P. sizes) 
or for any other requirement, either permanent or temporary, involving the 
use of . direct or alternating mains vultage in excess of 250. 

Temporary Connections to the Supl)ly Mains 

12 - 2, In experimental laboratories or workshops temporary connections 
to th~ supply mains are usually made through an approved type of t wo or 
three pin socket, preferably fitted in conjunction vrith a self-contained 
double pole switch. 

The safety and efficiency 0f these temporal~ mains connections 
can be increased if attention is paid to the following points:-

• 
(a) One of the conductors of , the mains supply usually has an 

appreciable difference of potential from earth. This 
conductor is called the LIVE side of the mains and it is 
ESSE~~lilL that if any additional single pole switch is to 
be included in the circuit it should be wired in this lead, 
If this precaution is neglected a severe shock can be 
experienced ( even when the single pole svdtch is in the 
OFF position) from exposed portions of the circuit by 
contact with surrounding earthed objec~s , 

The live side of the mains can be recognised by the fact 
that nearly full mains voltage is obtained by connecting 
it t:h-X'ough a voltmeter or suitable lamp to a temporary 
earth cO!ll!ection such as a water pipe. 

(b) The other conductor of the mains supply (called the 
NEUTRAL side of the mains) is usually at or near earth 
potential. This main is suitably connected to earth 
at the generating station and no connection vrith an 
additicnal local earth either through the apparatus 
or by contact with v~ter pipes, gas pipes, lightning 
conductors, etc., should be permitted. 

( c) In a II three pint! plug cOlU!ection a lead connected to 
an El\RTH pin (usually of larger diameter than the twc 
plugs connected to the mains) is used to connect the 
frame of a motor, the bcdy of a kettle, etc., to a 
l ocal earthed point, sc as to give protection from 
shock in the event of an insulation breakdown. 

(d) It vall be noted that a properly installed supply frcm 
the electric mains already include8 provisicn for an 
earth cOln1ection at appropriate points and no other 
additional DIRl2;CT earth connectie;n should be permitted 
UNDER Aliff CI RCU1ISTlINCES. 

i'then necessary an H lDI RECT cOlmection to a local earth 
through a trai!sformer or a suitable condenser shGuld be 
arranged. 
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• 

• 

( e) 

( f) 

If an earth connection to a piece of experimental apparatus 
is required, a short low-resistance lead taken tG a care
fully made joint on a convenient water pipe or earthing rod 
should be used, either by soldering or by the use of a 
properly designed earthing clip. Care should be taken to 
see that the apparatus is not earthed at more than one 
point, as a system of multiple earth connections frequently 
gives rise to corrosion and other difficulties and should 
be avoided. 

Temporary earth connections to gas mains should 1~VER be 
made. 

It is obvious that the number of exposed conductors shculd 
be reduced as far as possible and any worn or frayed 
cables should either be repaired with insulating tape or 
preferably replaced vdthout delay by serviceable material, 

Ordinary types of electric cable should not be permitted 
to remain in contact with chemicals, ste~ or hot bodies 
(e,g., soldering irons). 

Temporary leads between sections of equipment or 
connections to the mains should, wherever possible, be 
suspended at high level, Th e trailing of temporary leads 
along the floor, particularly across gang.Nays is 
objectionable and shoulQ be avoided • 

(g) Care should be taken to see that the current carrying 
capaci ty of the mains 'wiring and of the vdring of the 
circuit is appropriate to the conditions of the experiment. 

Lamp sockets should not normally be used to supply current 
for experimental apparatus and in any case the .load from 
each socket should not exceed 250 watts (correspondi~g to 
a current of about 1 ampere). 

The conventional '5 arrp. tumbler' switch might be expected 
to operate satisfactorily on a pure resistance l ·"'Iad up to 
(say) 5 fu~peres, but a switch of this type should not be 
used for currents in excess of (say) 2 amperes for circuits 
containing considerable inductance or capacity, e.g., 
motors or transformers. 

(h) In each supply circui~ a fusible wire or 'fuse' is 
introduced to keep the current below a suitable maximum 
value. If for any reason this value has been exceeded, 
due to an electrical fault arising from an abnormally 
low value of the resistance of the circuit, an attempt 
should be made t. locate the electrical fault before 
inserting fresh fuses. The practice of inserting 
successive fuse vdres of increasing current capacity 
vdthout proper examination of the circuit is useless 
and dangerous . . (see para. 2-~). 

(i) Leads to portable equipment such as inspection lamps, 
soldering irons, hand drilling machines, ovens etc., 
should be inspected by a competent person at regular 
intervals to ensure that insulation is satisfactory, 
that there are no breaks in the leads, or loose 
connections, and that there is continuity in the earthing 
connection from the apparatus to the approved electrical 
earth. 
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(j) Special care is needed for circuits intended to "te 
operated for continuous periods vdth the minimwn of 
attention. 

High Voltages 

All the components in such circuits should be used well 
within their rated values and ydth adequate ventilation. 
For example, it is pointed out that tubular laboratory 
rheostats operate at a lower and, therefore, safer 
temperature in the vertical position 'ldth free air 
cooling, than when operated horizontally. It should 
al~o be noted that the values of permissible current 
quoted by the makers are sometimes unduly large, and should 
not in any case be exceeded for continuous running. 

In some instances rheostats are made by winding a layer of 
resistance yare over an elbamelled iron tube. These 
rheostats are not suitable for use on an alternating supply 
in view of the heating effect of the ed6.y currents induced 
in the iron tube. 

rllien rheostats or furnaces are required to run for lcng 
periods ydthout attention, e.g. overnight, they should 
not rest in contact with the wooden top of a laboratory 
bench, but should be suppo~ted on a metal sheet raised on 
bricks so that free air circulation can "occur. A metal 
sheet is considered to be preferable to one of heat 
resisting material, as the far.mation of local hot spots 
is prevented by conduction throu~! the sheet. 

12 - 3. No attempt should be made to operate any electrical circuit 
involving voltages in excess of 400 without advice from a competent person, 
who vtill ensure that the circuit is correctly designed and assembled, . and 
fitted' where necessary with appropriate safeguards. These safeguards 
should, wherever practicable, include the provision of an easily 
accessible and plainly marked syritch or other means of bringing all parts 
to a safe potential :in emergency. 

High Frequency Apparatus 

-
12 - 4. Exposed H.F. conductors should, vvhenever possible, be guarded 
by a suitable earthed barrier of H.F . conducting material t o prevent 
accidental contact, or scme suitable warning device provided. If neon 
lamps are used for the latter pur~ose, they should be fitted in duplicate 
to reduce chance of error due to lamp failure. 

Contact 'lath an H. P. conductor may result in deep-seated 'burns 
althou~! no shock is felt and the effect on the skin may be very slight. 

Variable Auto Trru,sformers 

12 - 5. In the use of high voltage equipment where a variable auto 
transformer is used to control the output on the primary side, attention 
is drawn to the follovdng possible risk. In the :variable auto trans
former it is usual for a sliding brush to come into contact with 
successive turns of the a.uto transformer. It is important to note that 
even for a Zero Setting of the control, an output can be obtained 
equivalent to that of a single turn. Although this represents only a 
~AII fraction of the full voltage, the condensers, etc., on the high 
voltage side might very well have sufficient charge to give a severe 
shock. Before any adjustments are made the mains connection sho1..1.ld be 
broken (preferably by a double pole svdtch) to ensure ccmplete safety. 

48. 

. . 



CHAPTER 13 

lvITSCELLANEOUS 

Disposal of Non-explosive "\[aste 

13 - 1. Bins are provided f or waste paper, glass, oily rags, and 
miscellaneous scrap. It is essential that all material placed in these 
bins should be free from explosive, and it is the responsibility of the 
scienti st in charge of each workroom or laboratory to ensure that his 
subordinate staff are clearly instructed as to the serious consequences 
which can occur if this rule is broken. 

Large pieces of scrap metal should not be placed in the bins, 
but should be sent to the Foreman of the Engineering Shop vdth a certificate 
that t hey are free from ex-.fllosive. 

Carb must be taken that glass apparatus which has contained 
phosphorus is not placed in a waste bin until all trace of phosphorus has 
been removed. Oily rags must be placed in t he special lnetal bins provided 
for the purpose, and not placed aJilongst other w~ste. 

Engineering Shops 

13 - 2. No explos ive, or dangerous material may be taken into or sent to 
engineering shops except by arrangement vdth the Engineer in Charge and 
"vi th the approval 0 f the Safety Officer. 

Special care should be taken that ex-plosive is not entrapped in 
apparatus sent t o the shops. VThere necessary a certificate of freedom 
frcm explosive should be supplied. 

Li ghting of Fires in Explosives Area 

13 - 3. Should it be necessary to light a fire, or operate with a blow
lamp vdthin the explodves area, prior approval of the Safety Officer must 
be obtained. 

Grass Fires 

13 - 4. Broken glass, if left in the grass, may cause fires through 
fccussi ng sunlight in hot vveather. If glass apparatus is used out-of
doors, precautions should be taken to ensure that it cannot cause a fire 
in a similar way. 

Action i n Case of Fire 

13 - 5. Separate regulations are issued prescribing the action to be 
taken in case of fire or explosion in the Establishment. Every member 
of the staff should be conversant vdth' these regulations, and know hew 
to operate the first aid fire-fighting appliances provided in his building. 
He should also Imow hoY,," to cut off electricity, gas and other services. 

The inspection and maintenance of fire appliances is the 
responsibility of the Fire Brigade Officer and any deficiencies should 
irrmediately be reported to him. 

It should be noted, hmvever, that the users of buildings are 
responsible for ensuring that fire buckets are kept full of 'water and 
that they are protected against frost . 
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It is imnortant to note that fires i n electrical gea r should be 
extinguished vvith C. T. C. (Ca r bon tetrachloride ) extinguish er s , bu t t hat 
these extinguishers may produce a to:hc atmospher e if u sed i n sma ll 
enclosures and are dangerous if used t o extinguish burning metals , e . g. , 
sodium or magnesiulll. ~~ s an alternative to C,T . C. extinguis h ers , Car bon
dioxide or imtifyre Pistole extinguishers can be u s ed on electri cal f ires 
and are fre e from toxic risk. 

Accidents and Injuries 

1.3 - 6. Separate detailed inst:cuctions will have been i ssued by 
Establishments covering the action to be taken in dealing with the above. 
It i s only necessary here to remind every member of the Es tablishment 
that any injury sustained during his work, hovfever trivial it may s eem, 
ltuz,t b e r eported to his sup~rior, v'Iho vrill ensure that a record of it i s 
made in accordance vJith the provisions of the National Insurance ( Indu strial 
Lccidents) _,:.ct 1946. It is important that anyone who becomes ill at vfOrk 
or contracts an ailment, e.g., dermatitis, should report the matt er a n d 
obtain attention at the Surgery. 

Requisitions to Temp erature :::? ecorders (\'!oohvich) 

13 - 7. ~equests for the services of the Temperature Recorders during 
"closed periods" (at ':looh vich) must b e ma de on the appropr iate for m 
(Ferm T. H.1. ) and must reach the Supervising Off icer of the Temperature 
Recorders not later than 4.30 p. m. on the day on vv-hich the se:r:vi c e i s to 
start. 

The services of temperature recorders are not available f or 
insp ection of apparatus left working during the lunch period. The 
necessary supervision during this interval must be provided by the 
labora toX'lJ staff or it must be made certain that the appara tus can safely 
be left unattended. 

To prevent interference vrith apparatus , labcratory doors may b e 
locked during the lunch p eriod at the discretion of the resp on sib l e 
scientist, but the full locking up procedure laid down for t he end of the 
'working day need not be carried out. Rooms c ontaining explosiv ~ s or 
other dangerous stores should alway s be locked or sup ervis i on arranged to 
prevent unauthorised entry. 

other est ablis hments vrill doubtless hav e their own sys t em f or 
this s erv i ce E'.nd the arrangelilents yd.ll be found in local r egul at i ons. 

13 - 8. ;::;hould it b e necessary f or any member of the s taff t o make an 
Ul1eJer)6cJc e c1 vi ~jit t o the ~.; stablisbment ("'':oolwich) out s ide officia l hours, 
h e mus t on arrival, l~ecord in the bo ok provided for the purpo se in the 
Tell.:? 0r c,tul' e l~ecorders t Of f ice, the time of entry, proposed l en gt h of stay, 
and. the number s of the buildings t o b e vis ited. On leaving he IT,u s t 
r ecord his b.l!le of de})arture . 

'i 3 - 9. Bottle s or vess e l s which hav e c onta ined chemicals sh oul d b e 
r ct'l:xi1ed to the s tore n11e11. emp ty, It should be stressed t hat the s t ore 
can only receive these back if it is clear tha t n othing other than the 
material a s stated on the label has been cont8.ined in them. 

If trade j?ackages have been used fo r a ny other mat eria l than t hat 
Sh OVT.L1 0:1 t he l abel , t h ey must b e 1.',rell washed out befor e they can 1:e a ccepted 
'by the s tore, Ca r e should be t a ken not to wa sl:.. off the manufa cturer' s 1a1:e1. 
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APPENDIX I 

PERIODIC TESTING OF EXPLOSIVES STORED IN J\lIAIN, 

"R!<jAJ)y USE" lIND "LOCKER" MAGAZINE 

Explosive 

Nitrocellulose Dry 

~ Nitrocellulose '.-ret 
Collodion 
Nitrocellulose for lac~uers) I 

GUl1cotton slabs in Service 
Packages 

Dry guncotton primers 
in Service Packages 
Dry Guncotton yarn 

Nitro-glycerine 
Dinitroglycol 
Diethylene glycol 
dinitrate and other 
li~uid nitric esters 

Dynamite . 

Propellants 

Cordite Paste 

P.E. T.N. 

C.E. 

C.E. 

R. D. X. 

T. N.T. 

Other Explosives 

l 
( 

Nature of Test 

II " II 

" 11 11 

II 11 II 

Heat Test 180°F. 
on extracted nitro-
glycerine. 

Heat Test 160°F. 

" " 170Dp. 

. " II 180CJF • 

II II 210oF. 

Vacuum Stability 120°C. 

II II 150°C. 

~ 
11 1\ 0 120 C. ( 

5g TNT + 5g .AIVIN03 

Refer to the Safety 
Officer before storage 
is started 
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Actj :.m 

Destroy if result 
is less than 10 
minutes. 

II II 

11 " 
rewet if storage 
continued. 

" 

1\ 

Destroy if result 
is less than 10 
minutes. 

11 11 " 

" " " 

" II II 

" II II 

" II II 

II " , 20 
minutes 

Destroy if result 
is more than 5 
mls. in 40 hours. 

Destroy if result 

! Fre~uency 
of Test 

See Para. 4 -
8. 

Every 3 months 

Every 12 
m.nths 

" " 11 

Every 4 mcnth..9 

" " " 

II " II 

Every 3 months 

11 12 II 

II " " 

11 " 11 

" \I 11 

is more than 4 ml. • in 24 hours. 

Destroy if result II II II 

is more than 3 ml. 
in 16 hours. 



APFEIIDIX 2 

SPZCIFICJ_TION FOR S.AFETY HANDLPJ :fPS 

~hapte~ 2, para.2-8 

The handlarr~ approved for emergency use in explosives workrooms 
or in any place where infl~mable vapour or dust presents a fire risk 
is the 

"Nife11 Safety Handlamp, Type l'lH.10A 

Size 2: 13/16" x 4.1/411 X 5.1/211 (not including the height of 
the handle) 

Weight 4 lbs. approximately 

Bulb fitted is the :i\I.B.S. 2.5 volt, 0.75 amp. 

Marketed by Nife Batteries, Hedditch. 

This handlamp is certified by the Ministry of Fuel and Power for 
use in gaseous mines, Certificate No. B/85. 

It is recomrnended that when these handlamps are used in explosives 
workrooms the sealing device which prevents them from being easily 
opened should be used • 

• 
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APPENDIX 3 

Approved form of label for the storage of Dry Nitrocellulose 

O.H.M.S. 
. . 

DRY NITROCELLULOSE 
DESCRIPTION .H •• H •• H • •• • 

STORAGE BAG No . ... 

STORED FOR . HEAT TEST 

DATE ..... . 

FROl'J"T 

-

- TO BE RE-WETTED 

NOT LATER THAN:-

...................... -..... ........ .............. ............ . ................. 

TO BE HEAT TESTED AT 170°F., IF NOT 

REWETTED AFTER 4 WEEKS STORAGE 

AND THEN AT INTERVALS OF TWO 

WEEKS. RESULTS OF THESE TESTS TO 

BE ENTERED BELOW. 
I 

DATE HEAT TEST INITD. 

BACK 
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APPE11DIX 4 

ILll!:NTIPICATION COLOUPS OF GAS CYLI:i'liDERS 

In order to avoid mistakes in identification all cylinders are 
painted according to a distinctive scheme so that the colcurs are 
indicative of their contents. A specification for identification colcurs 
has been published by the British Standards Institution (Specification No.349 
- '1932). It provides for identification colours for the gases most 
COll'monly in use, the underlying principle of the scheme being that yellow 
should represent toxic or poisonous gases, and red or maroon inflaJrmable 
gases. 

In a~cordance vcith the specification the cylinders are entirely 
covered. vdth a coat of paint of tho colour specified in Ta1-les 1 and 2. 
In addition, a distinguishing colour band is painted arcund the neck of 
each cylinder adjacent to the valve fitting, wide enough to occupy half 
the portion of the cylinder between the junction of the hemispherical 
and cylindrical portions and the neck. Particulars cjf the bands for 
different gases are also given in Tables 1 and 2. 

For cylinders for medical purposes, the name or chemical symbcl of 
the gas is stencilled or painted on or near the shoulder of the cylinder. 
~or gases other than those provided for in these tables, the cylinders 
are specially labelled indicating the nature of the contents. 
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APPENDIX 4 
Table 1 

British Standard Identification Colours for Gas Cylinaers, 
excluding Cylinder8 for Medioal JCurposes 

[ 

Gas I Gro'l:lli colour of cylinder Colour of bands 
. - British 

Ncminal \ 

British 

Name s yrncoli Nominal 
Standard Standard 

Colour Colour , 
Nc. No. I 

Acetylene C2H2 Maroon 41 None 
A:i,r - Grey .. 30 None - . 
Arr1r.o :ia NH3 Black Red and 37 and 56 

Yellow + 
A-- cton 6. 

(Dichlorodifl uo!methane ) CC12F2 Parti-coloured 
Grey and Mauve 

Argon A Blue 3 Nene 
Carbon dioxide for CO2 Black None 

temperate use 
C a.r bon dioxide , for CO2 Black White or 
tropical and marine use aluminium 

paint 
Carbon monoxide CO Red 37 Yellow 56 
Chlorine . " .. C1 Yelloy{ 56 None 
Chlorine , cylinders 
fitt ed 'lath internal Cl Yellow 56 Black 
dip-pipl'\s . 

Coal Gas Red 537 None 
Stencilled 
with name 

Ethyl chloride , C~5Cl Grey 30 Red 37 
inflammable 

Ethyl chloride, non- C2li5Cl Grey 30 None 
inflCiJl1mable 

Ethylene C2li4 Mauve Red 37 
Ethylene oxide C2H4 1Iauve Red and 

Yellow + 
Freen (Dichlcrodifluor- CCl~'2 Parti-coloured: 30 

methane) bottom end grey, (grey) 
neck end mauve 

Helium He Medium Brown 11 None 
Hydrocyanic acid Blue 3 Yellow 56 
Hydrogen H Red 37 None 
Methane CH4 Red 37 None 
IMethyl bromide CH2B Blue 3 Black 
~Methyl chloride, m

3
Cl Green 25 Red 37 

inflammable 
Methyl chloride, non CH3Cl Green 25 None 

inflamm.a ble 
Neon Ne Medium Brown 11 Black 
I'htrogen N Dark grey 32 Black 
Oxygen 0 Black None 
Whosgene COC12 Black Blue and 3 and 56 

bUlPhur I Yellcw + 
di oxide S02 Green 25 Yellow I 56 

! j I , i I 

+ The red or blue band should be placed adjacent to the valve fitting 
and the yello·1t{ band bet vieen that and the ground colour of the cylinder. 

55. 

, 



I , 

APPE11DIX 4-_ .,J 
Table 2 

British Standard Id.entification Colours for Gas Cylinders, 
for Medical Purposes 

.-
-Ground co10ur of CYlin~e~ '}as Colour 

I _ ... "' .- . ~-. 
Nonunal 

. .. 
British I 
Standard Name ;:;ymbcl Nominal 

Colour I 
1':0. I 

Carbon dioxide ( for CO2 Green with 25 
inhalation) black bottom 

Carbon dioxide with C92 Green ·25 
internal tube (for snow • I making) 

Bthyl chloride C~.5Cl As Table 1 
!£thylene C2H4 As Table 1 
Nitrous oxide H2O Black 
Oxygen ° Black 

I 
y{hite 

Oxygen and C02 mixture Black Green and 

i IV/hi re ne ck-
I 

The British Standard Colours referred to are contained in the 
B:ritish Schedule of Colours for Ready-Mixed Paints (No. 381). 
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APPENDIX 5 

TEST FeR PEROXIDE IN ETBEH 

P l ace 8 mI. of fre shly prepared p otassium iodide solution (10 f!JD.. 
l)e1' -100 mI .) i ll £J. s toppered tube of a.bout 12 ml. capacity and 1.5 cm. 
diameter. Fill t o the briJ.1 with the ether to be tested and place the 
stopper in position so tha t no a i r bubble is enclosed. Shake vigorouf.j ':' 
and set aside in the dark f or 3 0 mi nut es. 

The r esulting yellow colour must net be de ep er t l an t hat of 0.5 ml . 
of N/1000 iodine solution diluted 'with 8 mI. of f r e shi y prepar ~_: .. .i l)ot :J u ;j:". 
iodide solution as used in the test. 

APPENDIX 6 

LI S'l' 01<' PUELIC~~TIONS OF SAJ!'ETY INTEREST 

I ... Iagaz i ne Regulations (Land ,::,ervi ce.) Part I ( 1941) 

Guide to ~xplosives Acts. , 1875 an d 1923 

Redgrave's Factories,Trucks and Shops Acts 

Comprehensive Classified List of Government Explosives (19 ' , ' 

Notes on the Transport of Explosives by Lal"ld in Great Britai l1 ( . ./ ' )) 

Text Book of Explosives Used in the Service(1938) 

Safety Eules for Use in Chemical Works (A. B, C, lvI. ) 

Fire Hegulations ( :8stablis:b.ment Fublit::ations ) 

Quarterly Safety Summary (A.B. C. I':I.) 

Industrial ~:.ccident Prevention Bulletin (R. O. S.P. A., monthly) 

The British Journal of Industrial ' safety ( R.O. ~.P. A.,quarterly) 

Accident s , hO'il they happen and hevr to prevent them ( ~.L - . S . ( ., \ :: ::~· t .; r-ly) 

Electrica l J\.ccident s and their causes. 1 _ ... - r ~ C :111 ) \ h. ,_. u . ., c:. :':"JC' l:..:- y 
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APPENDIX 7 

TABLES OF TOXIC LDUTS 

These figures have been extracted from tabl es prepared by the American 
Government Hygienists and I. C. I. (Industrial Products and Health Research 
Corrmittee). Where these authorities disagree the most stringent figure 
has been adopted ih the following tables. 

Substance 

Acetaldehyde 
Acetic acid 
Acetic anhydride 
Acetone 
Acetone cyanohydrin 
Acetonyl acetone 
Acetophenone 
Acetyl chloride 
Acrolein 
Acrylonitrile 
Allyl alcohol 
Allyl chloride 
Arrmonia 
Amyl acetate 
iso Amyl alcohol 
Aniline 
Arcton 6 (Freon 12) 
Arsine 
Benzene (Benzol) 
Benzine (as Hexane) 
Benzyl acetate 
Benzyl chloride 
Bromine 
1 :3 Butadiene 
n-Butanol (Butyl alcohol) 
2-Butanone (Methyl ethyl ketone) 
n-Butyl acetate 
Butyl cellcsclve 
n-Butyl methacrylate 
Carbon dioxide 
Carbon disulphide I 

Carbon moncxide 
Carbon tetrachl oride 
Cello solve 
Cellosolve acetate 
p-Chloraniline 
Chlorobenzene (monu) 
2-Chlorobutadiene 
Chlorine 
p-Chloronitrooenzene 
Chloroform 
1-Chloro-1-nit ropropane 
Chlorotoluene ( 0 & p. mono) 
Cyancgen chlor ide 

Gases and va-pours 

Permissible I 
Concentration 

Parts per 
million 

200 
10 

5 
400 

10 
75 
20 

1 
0.5 

20 
5 

50 
100 
100 
100 

5 
10000 
0.05 

35 
250 
15 
5 

0.5 
1000 

50 
200 
200 
200 
200 

5000 
10 
50 
50 

200 
100 

2 
75 
25 

1 
1 

50 
20 
75 

0.5 

Substance 

Cyclohexane 
Cyclohexanol 
Cyclohexanone 
Cyclohexene 
Cyclohexylamine 
Cyclopropane (propene) 
o-Dichlorobenzene 

.B.B Dichlorodiethyl ether 
(cis & trans) Dichloroethylene 
1.1 Dichloroethane 
1.2 Dichloroethane (ethylene 

dichloride) 
Dichloroethylether 
Dichlorodifluorcmethane 
Dichlorcmethane 
Dichloromonofluoromethane 
1.1 Dichlorc-1-nitrJethane 
1.2 Dichloropropane(propylene 

dichloride) 
Dichlorotetrafluoroethane 
Dicyclohexylamine 
Diethyl carbonate 
Di-isC'butylene 
Di-isobutyl ketone 
Dimethylaniline 
Dimethyl dioxane 
D~nethyl SUlphate 
Dioxane 
Ethyl acetate 
]~thyl alcohol (Ethanol) 
Ethyl acetoacetate 
Ethyl benzene 
Ethyl benzoate 
Ethyl brcmide 
Ethyl chloride 
Ethyl ether 
Ethyl formate 
}<jthyl silicate 
Ethylene chlorhydrin 
Ethylene dichloride 
Ethylene glycol dinitrate 
Ethylene oxide 
Ethylidene dichloride 
Formaldehyde 

~8. 

Permissible 
Concentration 
Parts per 
million 

400 
100 
75 

400 
20 

400 
25 
15 

250 
100 

50 
15 

1000 
500 

1000 
10 

75 
1000 

20 
200 

1000 
100 

5 
200 

1 
100 
400 

1000 
50 

200 
50 
50 

1000 
400 
100 
100 

2 
50 

0.5 
10 
50 

5 



Substance 

Freon 12 (Arcton 6) 
Hydrazoic acid 
Hydrogen chloride 
Hydrogen cyani de 
Hydrogen fluoride 
Hydrogen selenide 
Hydrogen sulphide 

, Iodine 
I scphorone 
Ketene 
Lauryl mercapt an 
Mesityl cxide 
Methacrolein 
l\iethacrylic acid 
Eethallyl alcohol 
Methanol (methyl alcohol ) 
IVlethyl acetate 
IVlethyl acrylat e 
Idethyl bromide 
}.fethyl butanone 
lIethyl iso-but yl ketone 
Methyl cellQsolve 
Methyl cellosolve acetate 
Methyl a -chlor acrylate 
lvlethyl chloride 
Methyl cyclohexanone 
Eethyl cyclohexane 
Methyl cyclohexanol 
Methyl ethyl ketone 
lVlethyl formate 
Methyl iodide 
Methyl methacrylate 
Monochlorobenzene 
Monofluorotrichloromethane 
1,lononi trotoluene 
Naphtha (coal tar) 
Naphtha (petroleum) 
Naphtha ( distillate a s cumene ) 
Nickel carbonyl 
Nitrobenzene 
Nitroethane 
Nitrous fumes (as N02) 
Nitroglycerine 
Ni tromet:b..ane 
1 - Ni tropropane 
2-Ni tr01JrOpane 
o-Nitrotoluene 
Octane 
Ozone 
Pentane 
Pentanone (methyl propanone ) 
Perchloroethylene 
Phosgene 
Phosphine 
Phosphorus trichloride 
isc~Propyl alcohol 

Permissible 
Concentration 

Parts per 
million 

10000 
1 
5 

10 
2 

0.05 
20 

0.1 
10 

0.5 
5 

50 
2 

200 
50 

200 
100 

25 
20 

100 
100 

25 
25 
1 

100 
75 

500 
100 
200 
100 

10 
1000 

75 
1000 

5 
200 
500 
50 

1 
1 

100 
10 

0.5 
100 
100 
50 

1 
500 

1 . 
1000 

200 
100 
0.5 

0.05 
0.5 
400 

Substance 

Propyl acetat e 
iso-Propyl ether 

f3 -Propiolactone 
Stibine 
styrene 
Sulphur chloride 
Sulphur dioxide 
Sulphuryl chlori de 
Tetrachlorethane 
Tetrachloroethylene 
Thionyl chloride 
Thiophosphoryl trichlor i de 
Toluene 
Toluidines 
Trichloroethylene 
Turpentine 
Vinyl chloride 
Xylene 
Xylidines 

Permissible 
Concentration 

Parts per 
million 

200 
500 
10 

0.1 
100 

1 
10 
1 
5 

100 
5 
1 

100 
5 

100 
100 
500 
100 

5 



]\.{ax:ilnum allovi18.ble concentrations of toxic fumes. dusts and metals 

- Concentration I Concentration 
Substance Mg./Cubic Substance Mg./Cubic 

Metre Metre 

Ant:ilnony 0.5 Manganese 6 
Arsenic 0.5 Mercury 0.1 
Barium salts (as Ba) 0.5 a-Naphthylamine 0.01 
Benzidine 0.015 Pentachloronaph thalene 0.5 
Cadmium . 0.1 Pentachlorophenol 0.5 
Chl ere diphenyl 1 p-Phenylene diamine 0.1 
Chlorinated Naphthalenes 1 Phosphorus pentachloride 1 
Chromates (as Cr03) 0.1 Phosphorus pentasulphide 1 
Cyanide (as CN) . 5 Potassium permanganate 5 
Dinitrocresol ~and salts~ 0.5 Selenium (as Se) 0.1 
Dinitrophenol and salts 1 Sulphuric acid 1 
Dinitroresorcinol 1 Sodium cyanide 5 
Dinitrotoluene 1.5 Tellurium 0.1 
Fluoride 2.5 Tetryl 1.5 
Iron oxide fume 15 Trichloronaphthalene 5 
Lead (and salts) 0.15 Trinitrotoluene 1.5 
Magnesium Oxide fume 15 Zinc Oxide fume 15 

Max:ilnum allowable concentration of Mineral Dusts 

Substance -
Million particles per cub. ft. of air 

Jtandard light field count 

Alundum 
Asbestos 
Carborundum 
Dust(nuisance; no free silica) 
Mica (below 5 per cent. free silica) 
Portland cement 
Talc 
Silica 

Hi~ (above 50~ free S~02) 
Medlum (5 - 5(}/v free Sl02) 
Low (below 510 free Si02) 
Slate (below 5/; free Si02) 

Total dust (below 5% free Si02) 

Max:ilnum allcwable ccncentration of Radiations 

Material or radiation Radiant Ener gy 

Garrma ~roentgens per day) 0.1 
Radon curies per cubic meter) 10-8 

Thoron (curies per cubic meter) 10-8 

X-ltay (roentgens per day) 0,1 

60, 

50 
5 

50 
50 
50 
50 
20 

5 
20 
50 
20 
50 

I 
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J\ccess t o Establishment s 
Accidents and L!juries 
Acetylene Gas Cylinders 

INDEX 

Acetylene , explosive risk with copper 
Acids, storage of 
Acidic conditions, effect on explosives 
Alkaline conditions , effect on explosives 
Aluminium, effect of oxidising agents 
Alullnium in explosive workrooms 
Aluminiwn reaction vvith Mercury Fulminate 
Alwninium powder, storage of 
Ammonium Nitrate , sensitive COmp01Ulds formed 
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