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The International Social Security Association (ISSA) has set itself the task of using 
professionally orientated sections to publicize by means of information exchange, 
publications, and colloquia the risks such as industrial accidents and occupational 
diseases recognized in the field of social security, and to offer suggestions for their 
reduction. 

The committee of the "Section Chemistry" of the ISSA has set up an "Explosion 
Protection" working party to promote the international exchange of experience among 
experts, and to work jointly to develop solutions for specific problems. By this means, the 
working party aims to contribute to a high, and, among industrial countries, comparable 
standard of technology in the field of explosion protection. lt is ready and willing to pass 
on its knowledge to countries less well developed industrially. The present booklet was 
compiled in close collaboration with the "Section Machine Safety" of the ISSA. 

The purpose of this compendium is to provide those plant managers, safety officers, and 
persons with similar responsibilities without any specialized knowledge of the field of 
explosion protection with the means to assess whether or not explosion hazards due to 
dust may exist in their own plant. lt is not the aim of the compendium to provide an answer 
to the question concerning the necessity and feasibility of explosion protection measures; 
for that, the specialized knowledge of the expert is indispensable. 

Questions concerning health protection are not treated in this booklet. 

Dr E. Radek 

Chairman 
of the 
"Chemistry Section" Committee 
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Prerequisites for the occurrence of dust 
explosions 

What is an explosion? 

What is a detonation? 

When can an explosion hazard due to 
dust exist in my plant? 1 J 

What are solid flammable materials? 

...., 

An explosion is a chemical reaction in
volving a flammable substance which 
takes place very rapidly and during which 
large amounts of energy are released. 

A detonation is an explosion in which the 
rate at which the chemical reaction or 
flames spread through the reacting mix
ture accelerates to a speed greater than 
the velocity of sound. An explosion in a 
long pipeline, for example, can develop 
into a detonation. 

Such a hazard can exist when flammable 
dust (powder, flour) is manufactured or 
otherwise handled in the plant, or if 
flammable solid material is processed in 
such a way as to create dust. 

These are materials which can react 
(combust) with oxygen (e.g. in atmos
pheric concentrations) with the evolution 
of heat. This definition includes not only 
many natural products and other materi
als in everyday use, e.g. wood, coal, 
grain, plastics, etc., but also many metals 
if they are in the finely divided state, e.g. 
steel wool. 

1l For explosion hazards due to flammable gases, vapors, or mists, refer to the ISSA brochure "Gas 
Explosions: Protection against explosions due to mixtures of flammable gases, vapors, or mists with air''. 
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What is dust? 

What is the difference between a dust 
fire and a dust explosion? 

Dust layer ~ Fire 

The term "dust" refers to particles of sol
ids with a diameter less than 0.5 mm. If 
such materials are prepared by design, 
they are known as powder or flour. Dust 
can also arise, however, from the abra
sion of coarse-grained material (e.g. grain) 
during transportation, or in the treatment 
and processing of solids (e.g. sawdust, 
swarf). Small amounts of dust in the coarse 
material must also be taken into consid
eration. 

When a dust layer is ignited, a fire breaks...., 
out. A dust fire can develop into a dust 
explosion. Ignition of a dust cloud, on the 
other hand, can lead to an explosion 
which, in contrast to a fire, is associated 
with (generally very rapid) pressure 
changes and sudden heat development. 
This exceptionally violent reaction is re
sponsible for the particular hazards asso
ciated with a dust explosion. 

Dust cloud~ Explosion 

Fig. 1: Difference between a fire and an explosion 

If flammable dust occurs in the plant, 
an explosion hazard can exist! 
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~'"What is an explosive dust 
atmosphere? 

I' 
When does a dust explosion occur? 

What are explosion limits? 

12 

An explosive dust atmosphere is present"~ 
when flammable dust is present in air in 
such quantities (within the explosion limits) 
that a reaction can propagate self
sustainingly after ignition. 

"' An explosion due to dust can occur when 
all the following conditions are fulfilled 
simultaneously at one location (see Fig. 2): 

• fine, flammable solid matter in the 
form of a dust cloud mixed with air 
within the explosion limits, i.e. 

•• sufficient dust and 

•• sufficient oxygen 

as well as 

• an effective ignition source. 

Flammable dusts in admixture with air 
are explosive only within a certain range 
of concentration. 

Below the lower explosion limit (LEL), too 
little flammable substance is present- the 
mixture is too lean. 

Above the upper explosion limit (UEL), 
too much flammable substance is present 
- the mixture is too rich. The region of 
concentration between the lower and 
upper explosion limits is the explosion 
range. Within this range of concentration 
a mixture is explosive, i.e. an explosion 
hazard exists. The explosion limits are 
expressed in g/m3

. Values of the explosion 
limits depend on the particular substance. 
If they are unknown, they can be 
determined experimentally. 



Solid flammable materials 

Air (explosive atmosphere) 

Dust explosion 
Fig. 2: Prerequisites for the occurrence of dust explosions 

Effective 
ignition 
source 
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What concentrations of dust are 
hazardous and where can they occur? 

What oxygen concentrations are 
sufficientfor a dust explosion? 

r What are ignition sources? 

1l See ISSA brochure "Ignition Sources". 
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As a rule, dust explosions can occur at 
concentrations greater than 20 g/m3 of 
air. Such dust concentrations occur fre
quently inside equipment (e.g. grinders, 
mixers, filters, elevators). Sometimes they 
can occur due to dust emission close to 
dust-handling equipment which has open
ings when in operation (e.g. filling points). 

If there are dust deposits in the room (e.g. 
in the vicinity of filling points, or due to 
leaks in the equipment) explosive dusV 
air mixtures can occur briefly due to tur
bulence. 

Dust explosions are still possible even at 
concentrations of more than one thousand 
grams per cubic meter of air. 

"' The normal oxygen content of atmosphe-
ric air is sufficient. Some dusts, however, 
are explosive at lower oxygen concen
trations (below 10 vol.%). When the 
oxygen content is greater than that of air, 
more violent explosions occur. 

Of the many possibilities in industrial prac-"" 
tice, the following ignition sources1 l are of 
greatest significance: 

• Hot surfaces 

• Flames, 
glowing (smoldering) material 

• Mechanically-generated sparks 

• Electrical equipment 
(electrically-generated sparks) 

• Electrostatic discharge sparks 



Electrically-genera sparks 
(electrical equipment) 

I 

' , <J -,,, 

Hot surfaces 

Mechanically-generated sparks 

Fig. 3: Possible ignition sources 

What is an effective ignition source? 

Electrostatic discharge 
sparks 

Flames 

Glowing (smoldering) material 

Not every ignition source has sufficient 
energy to ignite all types of explosive 
mixture, i.e. not every ignition source is 
also an effective ignition source in a given 
situation. 

An ignition source is effective when it can 
supply enough energy to the explosive 
atmosphere to cause initiation of a self
sustaining propagation of the combus
tion. 

15 



Energy of the ignition source 
Low 

No self-sustaining propagation of 
combustion 

Fig. 4: Effectiveness of ignition sources 

High 

Self-sustaining propagation of 
combustion 

Reliable avoidance of one of the three prerequisites 
-dust cloud, air (oxygen), or ignition source

can prevent dust explosions. 

How frequently do dust explosions 
occur and what are their possible 
consequences? 

16 

Dust explosions occur more frequently 
than is generally supposed. In Europe, 
there is an average of at least one dust 
explosion per day. Dust explosions often 
cause major damage costing millions of 
euros, and may also result in injury and 
even death. 



Fig. 5: Effects of a dust explosion in a malthouse: after the explosion only a few 
of the 16 silo cells remained standing 
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If, after consideration (e.g. in relation to safety), a dust explosion hazard is thought to exist, 
measures must be taken. The following possibilities exist: 

• Prevention of an explosion 
("preventive explosion protection") 

•• Avoidance or restriction of the formation of explosive atmospheres 

•• Avoidance of effective ignition sources 

• Avoidance of the hazardous consequences of an explosion 
("constructional explosion protection") 

Combinations of these possibilities can be appropriate or even necessary. Preventive and 
constructional measures should always be accompanied by organizational and, where 
appropriate, design measures. 
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How can dust explosions be 
prevented? 

Replacement of flammable by 
non-flammable substances 

Limiting the dust concentration 

Dust explosions can be prevented if 

• the flammable dust can be replaced 
by a non-flammable dust; 

• the dust concentration can be kept 
so low that an explosive dust/air mix
ture is never actually formed; 

• the oxygen concentration necessary 
for explosive combustion of the dust 
is not present; or 

• effective ignition sources can be ex
cluded with certainty. 

This measure has only limited applicabil
ity and is restricted to replacing flam
mable filling materials by non-flammable 
materials. The admixture of inert dust is 
generally only effective if the inert dust 
makes up more than half of the mixture. 

In contrast to gases and vapors, use of 
this measure for dusts is limited. This is 
because dust concentrations can change 
very quickly: 

• decrease due to settlement 
(sedimentation) 

• increase due to blowing 

Spraying with liquids, or use of larger
grained material, can prevent the forma
tion of high dust concentrations. 
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Limitation of the oxygen 
concentration (inerting) 

The oxygen is displaced by non-flamma
ble gases such as nitrogen or carbon 
dioxide to such an extent that an explo
sion can no longer take place. This 
measure is extremely reliable, but mostly 
applicable only in closed plant units. lt 
calls for high equipment expenditure, must 
be monitored by measurement and, under 
certain circumstances, entails high sub
sequent costs, depending on the size and 
gastightness of the system (inert gas 
consumption). 

Fig. 6: lnerting with nitrogen and measuring/monitoring the oxygen 
concentration 
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Avoidance of effective ignition sources 

/ 
What are zones? 

This measure should always be employed"' 
even when the constructional measures 
described later are applied. However, in 
practice, when used alone it is frequently 
not reliable enough. 

Areas in which there is an explosion"' 
hazard are divided into zones 1 l depending 
on how frequently and for how long an 
explosive atmosphere occurs or is 
present. 

The purpose of zones is to determine the 
extent of the measures required for 
avoiding effective ignition sources. 

Fig. 7: A voidance of effective ignition sources 
1l See ISSA brochure "Ignition Sources". 
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Fig. 8: Vacuum cleaning to avoid blowing dust 
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Avoidance of an explosive atmosphere or ignition 
sources prevents explosions! 

Avoidance of effective ignition sources 
as the only protective measure 

requires a corresponding risk analysis. 



Avoidance of hazardous effects 
of dust explosions 

If a dust explosion cannot be excluded with certainty, measures must be taken to ensure 
that no hazardous effects due to the dust explosion arise. These measures are also called 
"constructional measures", since vessels and plant components must be constructed or 
equipped to ensure that the explosion causes no injury to personnel , and minimal damage 
to buildings and equipment. 

When can constructional measures be 
implemented? 

What constructional measures are 
available for explosion protection? 

These must always be considered for 
every new plant unit. Retrofitting to pro
vide greater safety with old systems is 
usually also possible, but here, however, 
special considerations are necessary. 

The effects of a dust explosion can be 
limited by: 

• explosion-resistant construction 

• explosion venting 

• explosion suppression 

• explosion isolation 

23 



Explosion-resistant 
construction 

In connection with 
explosion isolation 

e.g. rotary valve 

Fig. 9: Examples of constructional measures 
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Explosion 
suppression 



Explosion-resistant construction Explosion-resistant vessels and units,' 
including connecting pipelines, shut-off 
devices, etc. must withstand the expected 
explosion overpressure without rupturing. 

In this connection note the difference 
between 

• explosion pressure resistant con
struction, in which the equipment is 
designed like a pressure vessel, so 
that the pressure stress of an explo
sion does not result in permanent 
deformation; and 

• explosion pressure shock resistant 
construction, in which permanent 
deformation is permitted, and the 
equipment must be repaired or re
placed as necessary following the 
explosion. 

Fig. 10: Examples of explosion pressure resistant vessels. 
A: explosion pressure resistant construction, 8: explosion pressure shock 
resistant construction, before and after the explosion 
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Explosion venting For the purpose of explosion venting, a 
vessel which is to be protected is pro
vided with a venting device which opens 
at a specified pressure which must be 
considerably below the vessel strength. 
Such devices include, for example, burst
ing disks and explosion doors. 

Fig. 11: Examples of devices for explosion venting (bursting disks and explosion 
doors) 

26 

Always vent explosions in a "non-hazardous" 
direction, never into the work area! 



Explosion suppression 

t = 180 ms 

t = 110 ms 

An explosion suppression unit recognizes 
an incipient explosion by means of flame 
or pressure detectors, and suppresses 
the explosion in the initial phase by rapid 
injection of extinguishing agents. 

t=Oms 

t = 37 ms 

t =57 ms 

t = 65 ms 

Fig. 12: Principle of explosion suppression (time sequence in a 5 f7i3 container) 
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Explosion isolation 

What explosion isolation elements 
are used? 

To prevent an explosion in parts of the 
plant which are protected by construc
tional measures from spreading into other 
parts of the plant or workrooms (whether 
protected or not), explosion isolation 
measures are usually necessary. Such 
measures can further confine the area 
affected by an explosion. 

The main explosion isolation elements 
used are the following: 

• Rotary valves 

• Extinguishing barriers 

• Rapid-action gate valves 

• Rapid-action flaps 

• Rapid-action barrier valves 

• Vent ducts 

E~<plosion 

Blade 

Fig. 13: Explosion isolation by rotary valve 
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Fig. 14: Explosion isolation by extinguishing barrier 

When taking decisions concerning the choice of 
constructional explosion protection measures, 

a number of influencing parameters 
must be taken into consideration. 

Assigning dimensions to them generally requires 
expert knowledge. 
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Pressure/flame front 

Fig. 15: Explosion isolation by rapid-action gate valve 

Fig. 16: Explosion isolation by rapid-action flap 
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Compressed 
gas container 



Fig. 17: Explosion isolation by rapid-action barrier valve 

Cover plate 

Guard cage 

Fig. 18: Explosion isolation by vent duct 
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Complementary to preventive and constructional measures, organizational measures 
must be taken to reduce the risk of fire and explosion on the one hand, and to ensure the 
effectiveness of the technical measures on the other. 

Organizational measures are generally defined and 
implemented within the framework of a safety 

management system. 

What are organizational measures? 

32 

Of the many possibilities that exist, the 
following organizational measures are 
among those that are most important in 
industrial practice: 

• Provision of an explosion prevention 
manual 

• Provision of operating instructions 

• Regular instruction of employees 

• Wearing protective clothing and 
equipment 

• Cleaning of plant units and their sur
roundings 

• Safety monitoring and maintenance 
of plant units and equipment 

• Requiring authorization for special 
work in hazardous areas 

• Marking or cordoning-off high-risk 
zones 



Provision of an explosion protection 
manual 

Provision of operating instructions 

Regular instruction of employees 

Wearing protective clothing and 
equipment 

Cleaning plant units and their 
surroundings 

The explosion protection document con
tains information such as: 

• A description of the plant area, pro
cess, activities, and substance quanti
ties 

• Substance data (safety parameters) 

• Risk assessment 

• Separation into zones 

• Technical and organizational protec
tion measures 

• Emergency measures, plant instruc
tions, and work authorization 

The operating instructions must govern...., 
the behavior of the employees during 
normal operation and in the case of a 
malfunction. The responsibilities for the 
implementation of the measures must be 
clearly specified. 

The employees must be informed of pos
sible hazards at regular intervals, and 
their attention drawn to the proper code of 
behavior. 

The necessary protective clothing and 
equipment, e.g. conductive shoes, must 
be provided, used, and kept in service
able condition. 

Great importance must be attached to the 
cleaning of units, and particularly their 
surroundings, to remove dust deposits. 
This is because even a one-millimeter 
layer of dust is sufficient to form an 
explosive dust/air mixture if dispersed 
into the air by, for example, the pressure 
wave of a primary explosion. Cleaning 
must therefore be carried out not only at 
regular intervals but also particularly 
during or after work which produces any 
dust deposits. 

33 



Safety monitoring and maintenance of 
the plant and equipment 

Authorization required for special work 
in areas with explosion hazard 

Signposting or closure of high-risk 
zones 

Particular attention should be paid to regu
lar checking and maintenance of the units, 
particularly the safety devices such as 
explosion doors, sensors, rapid-action 
slide valves and any equipment/plant 
items which can act as ignition sources, 
e.g. bearings, elevator belts. The intro
duction of a "safety maintenance check 
program" (checklist) has proved its worth 
in practice. 

Carrying out special work such as weld-"" 
ing, grinding, or maintenance of electrical 
equipment in areas with an explosion 
hazard must be subject to written authori
zation (fire, welding, and entry permits). 

Areas (zones) which are endangered by 
explosion, such as the areas around 
charge and discharge openings, filling 
units, and slide valves, must be sign
posted. Areas where there is a hazard 
due to explosion venting (effects of 
pressure and flames) or due to the use of 
inert gases (danger of suffocation) must 
be signposted and cordoned off. 

Organizational measures increase and augment 
the effectiveness of the preventive and construc

tional explosion protection measures. 
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Operating 
instructions 

Sign posting and 
cordoning off 

Information and 
instruction 

Fig. 19: Organizational measures 

Maintenance 

Cleaning 
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Design measures can not only limit the hazards due to dust explosions, but also reduce 
their effects on the building. 

r How can safety be increased by 
design measures? 

Design measures to improve safety in
clude, for example 

• Fire compartments; 

• Separation of dust -emitting plant units 
such as sack filling stations, transfer 
points on conveyor belts, from closed, 
and therefore non-dust-emitting plant 
units by, for example, separating 
walls, sealing of openings; 

• Provision of smooth surfaces (e.g. 
on walls), and addition of sloping 
surfaces (e.g. on beams, windowsills) 
to reduce dust deposits. 

Design measures can produce a significant 
improvement in safety. 
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Application of the safety measures mentioned requires knowledge of the combustion and 
explosion parameters1 l of the dust in question. These parameters are not physical 
constants, but depend on the condition of the dust and the method of investigation. For 
the design of individual protective measures, the parameters listed on page 38 must be 
known in each case. The illustration below shows schematically an example of a test 
apparatus with 1 m3 vessel for determining the explosion parameters of dusts. 

Pressure 
sensor 

Dust 
container 

Rapid 
action 
valve 

Ignition source 

Perforated 
tube 

Fig. 20: Test apparatus for determining dust explosion parameters (1 rrf3 vessel) 

The interpretation 
of safety parameters must be left 

to the expert. 
1> See ISSA brochure "Determination of the Combustion and Explosion Characteristics of Dusts" 
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Protective 
measures 

Parameters needed for the design 
of protective measures 

Preventive Explosion Protection 

Replacement of 
flammable 
materials 

Concentration 
limitation 

lnerting 

Avoidance of ignition 
sources 

Flammability, explosibility 

Explosion limits 

Limiting oxygen concentration 

Minimum ignition temperatures {settled, 
blown dust) 
Decomposition temperature 
Spontaneous ignition temperature 
Smolder temperature 
Minimum ignition energy 
Impact sensitivity 
Electrostatic behavior {resistivity) 

Constructional Explosion Protection 

Explosion-resistant 
construction 

Explosion pressure 
relief 

Explosion 
suppression 

Explosion isolation 

Maximum explosion overpressure 
{Pmax> or reduced maximum 
explosion overpressure {Pred) 

Maximum explosion overpressure 
{Pmax> and maximum rate of pressure 
rise {(dp/dt)max> or K5 t value 

Maximum explosion overpressure 
{Pmax> and maximum rate of pressure 
rise {{dp/dt)max> or K5 t value 

Gap width limits 
Minimum ignition temperature of the 
dust cloud 
Minimum ignition energy 
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Dust explosion protection of machines and apparatus 

• Basic Principles (G/E) 
(2003) 

• Collection of Examples (G/E/F) 
(1990) 

Explosion Suppression (G/E/F) 
(1990) 

Determination of the Combustion and Explosion Characteristics of Dusts (G/E) 
(1997) 

Explosion Isolation (G/E) 
(in preparation) 

Address for orders: ISSA Machine Safety Section 
Dynamostrasse 7-11 
D-68165 Mannheim 
Germany 



THE ISSA AND THE PREVENTION OF OCCUPATIONAL RISKS AND DISEASES 

The ISSA Standing Committee on the Prevention of Occupational Risks and Diseases 
brings together occupational safety specialists from all over the world. lt promotes 
international cooperation in this field, and undertakes special studies on topics such as 
the role of the press, radio, and television in occupational safety, and integral strategies 
for the workplace, road traffic, and domestic household. lt also coordinates the activities 
of the seven international sections for the prevention of occupational risks and diseases, 
which are active in various industries and in agriculture, and which have their secretariats 
in various different countries. Two further sections are concerned with information 
technology in the field of occupational safety, and with relevant research. 

The activities of the international sections of the ISSA comprise: 

• the international exchange of information between bodies concerned with the prevention 
of occupational risks 

• the organization of conferences of committees and working parties, round-table 
discussions, and colloquia at the international level 

e the performance of surveys and investigations 

• the promotion of research 

e the publication of corresponding information 

Further information relating to these activities and the general work of the ISSA in the field 
of occupational safety can be found in the leaflet "Safety Worldwide". lt is available in 
English, German, French, and Spanish from the secretariat of the Section. 

MEMBERSHIP OF THE INTERNATIONAL SECTIONS 

Each international section of the ISSA has three categories of member: 

e Full Member Full members and associate members of the ISSA, Geneva, 
and other non profit organizations can apply for membership as 
a Full Member. 

e Associate Member Other organizations and companies can become Associate 
Members of a section if they have knowledge of the area 
for which the section is responsible. 

e Correspondent Individual experts can become Corresponding Members of a 
section. 

Further information and application forms are available directly from the secretariats of 
the individual sections. 



AT LEAST ONE OF THESE ISSA SECTIONS ON THE PREVENTION OF 
OCCUPATIONAL RISKS CORRESPONDS TO YOUR OWN FIELD OF INTEREST: 
DO NOT HESITATE TO CONTACT ITS SECRETARIAT 
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ISSA INTERNATIONAL SECTION 
for AGRICULTURE 
Bundesverband der 
landwirtschaftlichen 
Berufsgenossenschaften 
Weissensteinstrasse 72 
D-34131 KASSEL-WILHELMSHOHE 
Germany 

ISSA INTERNATIONAL SECTION 
for the CHEMICAL INDUSTRY 
Berufsgenossenschaft 
der chemischen lndustrie 
Kurfursten Anlage 62 
D-69115 HEIDELBERG 
Germany 

ISSA INTERNATIONAL SECTION 
for the CONSTRUCTION INDUSTRY 
Caisse regionale d ' assurance-maladie 
d ' lie de France 
17-19, place de I 'Argonne 
F-75019 PARIS 
France 

ISSA INTERNATIONAL SECTION 
for ELECTRICITY- GAS-
LONG-DISTANCE HEATING- WATER 
Berufsgenossenschaft 
der Feinmechanik und Elektrotechnik 
Gustav Heinemann Ufer 130 
D-50968 COLOGN E 
Germany 

ISSA INTERNATIONAL SECTION 
for INFORMATION 
lnstitut pour la prevention, la 
protection et le bien-etre au travail 
(PREVENT) 
88, rue Gachard, BoTte 4 
B-1 050 BRUSSELS 
Belgium 

ISSA INTERNATIONAL SECTION 
for the IRON AND METAL 
INDUSTRY 
Allgemeine Unfallversicherungsanstalt 
Adalbert-Stifter-Strasse 65 
A-1200 VIENNA XX 
Austria 
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ISSA INTERNATIONAL SECTI ON 
for MACHINE SAFETY 
Berufsgenossenschaft 
Nahrungsmittel und Gaststatten 
Dyna mostrasse 7- 11 
D-68 165 MANNHEIM 
Germany 

ISSA INTERNATIONAL SECTION 
for the M INING INDUSTRY 
Bergbau-Berufsgenossenschaft 
Hunscheidtstrasse 18 
D-44789 BOCHUM 
Germany 

ISSA INTERNATIONAL SECTION 
for RESEARCH 
lnstitut National de Recherche et de 
Securite (INRS) 
30, rue Olivier- Noyer 
F-75680 PARIS CEDEX 14 
France 

ISSA INTERNATIONAL SECTION 
for EDUCATION and TRAINING 
lnstitut National de Recherche et de 
Securite (INRS) 
30, rue Olivier-Noyer 
F-75680 PARIS CEDEX 14 
France 

ISSA INTERNATIONAL SECTION 
for HEALTH SERVICES 
Berufsgenossenschaft fur 
Gesundheitsdienst und 
Wohlfahrtspflege 
Pappelallee 35-37 
D-22089 HAMBURG 
Germany 




