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The Rules for Occupational Safety and Health on Construction Sites (RAB) reflect the state

of the art with regard to safety and health protection on construction sites. They are drawn

up by the Committee for Safety and Health Protection on Construction Sites (ASGB) and are

adapted by this Committee in accordance with developments.

The RAB rules are published by the Federal Ministry of Economics and Labour in the

Federal Journal (Bundesarbeitsblatt BArbBl.).

The present document RAB 25 contains recommendations relating to the provisions of the

Compressed Air Ordinance and answers to frequently asked questions on the Compressed

Air Ordinance.
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Part 1 Recommendations on the approval of exceptions under section 12 (1) of the

Compressed Air Ordinance

Contents
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2 Area of application
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3.1.2 Qualifications
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3.3 Air lock attendant

3.3.1 Tasks

3.3.2 Qualifications
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3.4.1 Tasks

3.4.2 Qualifications

4 Content of the exception application

5 Documentation of work assignments

1 Preliminary remarks

According to section 12 (1) Sentence 2 DruckLV, when work is performed in a working

pressure of more than 2.0 bar a physician engaged by the employer in accordance with

section 12 DruckLV must be available constantly at the workplace. The physician must be

authorised by the competent authority in accordance with section 13 DruckLV.

In justified individual cases the competent authority may, on application from the employer,

approve exceptions to the obligation of the authorised physician to be present, provided it

can be guaranteed that employees suffering from compressed air sickness receive first aid

in the form of alternative measures.
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The Committee for Occupational Safety and Health on Construction Sites (ASGB) considers

it appropriate to describe these measures and in this way to give clients and contractors an

orientation for planning, tendering and calculation.

2 Area of application

This rule describes the measures and requirements for the approval of exception in

construction projects subject to the provisions of DruckLV where the working pressure in the

working chamber exceeds 2.0 bar, but not 3.6 bar.

For such cases recommendations are given for requirements to be fulfilled by the

construction site personnel responsible for supplying and treating employees suffering from

compressed sickness. Such recommendations concern the content of the exception

application and the documentation of the work assignments.

The possibility for approving an exception relates here exclusively to the obligation on the

part of the authorised physician to be present constantly at the workplace in accordance with

section 12 (1) Sentence 2 DruckLV. The employer must ensure that the measures required

in the exceptional case are implemented. The other obligations of the employer under

section 12 DruckLV are unaffected.

3 Requirements to be fulfilled by construction site personnel

The personnel on the construction site include the authorised physician, air lock attendant,

operational assistants and, if necessary, standby physicians.

3.1 Authorised physician

The employer must engage in writing a physician authorised under section 13 DruckLV to

perform the tasks laid down in section 12 DruckLV.

3.1.1 Tasks

The authorised physician is responsible for medical care on the site in matter of compressed

air in accordance with the criteria laid down in sections 11 and 12 DruckLV.
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The emergency medical care on site is provided by the competent rescue services and is not

a task of the authorised physician.

In individual cases (e.g. work accident in compressed air in the working chamber where it is

not possible to exit through the air lock in compliance with the rules) there may be an overlap

of the "emergency medical" and "compressed air medical" areas of work. For such cases a

regulation must be established, e.g. in an contingency plan.

It must be possible to reach the authorised physician at all times during working and waiting

hours and he must be present in a reasonable time at the workplace.

If it is envisaged that one or more standby physicians in the meaning of No. 3.2 be engaged

to initiate the treatment of employees with compressed air sickness, the authorised physician

is responsible for ensuring that the individual standby physicians have the necessary

qualifications and health suitability.

3.1.2 Qualifications

The authorised physician must be qualified according to section 13 DruckLV

He must have the specialist knowledge with respect to working in compressed air. This may

be demonstrated, for example, by regular participation in relevant in-service courses.

He must give evidence of his suitability in terms of health.

3.2 Standby physician

The tasks and qualifications of the standby physician are not dealt with in DruckLV.

If the authorised physician is unable to be constantly in attendance at the workplace, he may

delegate the treatment of employees suffering from compressed air disorders to standby

physicians according to section 12 DruckLV.

The standby physician is selected and engaged for this task by the authorised physician, but

he does not have to be authorised in accordance with section 13 DruckLV.

The standby physician may not deputise for the authorised physician.
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3.2.1 Tasks

The standby physician is responsible for initiating treatment of employees suffering from

compressed air sickness on instruction from the authorised physician until the latter arrives

at the workplace.

The standby physician must be reachable at all times and must be present at the workplace

within 30 minutes of the alarm.

3.2.2 Qualifications

The specialist and health aptitude required of the standby physician for the tasks delegated

must be ensured by the authorised physician. For this purpose the standby physician must

be inducted by the authorised physician in the examination and treatment of persons

suffering from compressed air sickness, in the local and operational conditions at the

workplace and in the working of the medical compressed air chamber.

The content, nature and duration of the induction are laid down by the authorised physician.

3.3 Air lock attendant

The air lock attendant is responsible for moving workers in and out of the working chamber

through the air lock.

3.3.1 Tasks

The tasks of the air lock attendant are itemised in Annex 3 DruckLV.

3.3.2 Qualifications

In addition to the requirements according to section 18 (6) DruckLV knowledge is required

on the physical processes during work in compressed air, the consequences of incorrect

passage in or out through the air lock and on sickness phenomena during and after exit

through the air lock.

He should also be taught how to use the medical compressed air chamber.
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The content, nature and duration of the induction are laid down by the authorised physician

and experts according to section 18 (1) DruckLV.

3.4 Operational assistant

The operational assistant is integrated in the operational sequences on the construction site,

but he must be constantly capable of providing first aid in the case of accidents and

compressed air sickness.

3.4.1 Tasks

In addition to taking first aid measures in the case of accidents according to section 18 (1)

No. 6 the operational assistant also has the following tasks in the case of compressed air

sickness

• assisting the authorised physician or standby physician in the treatment of compressed air

sickness,

• operation of the medical compressed air chamber,

• initiation of recompression in the medical compressed air chamber

on instruction of the authorised physician or standby physician.

3.4.2 Qualifications

In addition to the qualifications according to section 18 (8) DruckLV knowledge and skills are

required in First Aid with respect to compressed air sickness and to operation of the medical

compressed air chamber.

The content, nature and duration of the instruction are laid down by the authorised physician.

4 Content of the exception application

The employer must give reasons for the application for an exception to the obligatory

presence of the authorised physician under section 12 (1) Sentence 2 DruckLV. The

measures taken to ensure the initial treatment of employees suffering from compressed air

disorders must be verified by the following documents:
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1. Engagement of authorised physician

1.1. Name and address

1.2. Evidence of authorisation

1.3. Evidence of regular participation in relevant in-service courses

1.4. Evidence of his health suitability

1.5. Evidence of the probable period between his being alarmed and his arrival at the

construction site (e.g. by showing extract from map)

2. Where relevant, engaged standby physicians

2.1. Names and addresses

2.2. Evidence of qualifications

2.3. Evidence of the probable period between their being alarmed and their arrival at the

construction site (e.g. by showing extract from map)

3. Operational assistants according to section 18 (1) No. 6 DruckLV (to be submitted

subsequently if necessary)

3.1. Names

3.2. Evidence of qualifications

5 Documentation of work assignments

The air lock book required in Annex 1 No. 1.14 of DruckLV must be supplemented by

information as shown in Annex A to RAB 25.



Part 2 to RAB 25

8 - 33

Part 2 Issuance of an qualification certificate according to section 18 (2) Compressed

Air Ordinance

Contents

1 Preliminary remarks

2 Area of application

3 Tasks of the expert

4 Application

5 Prerequisite for the issuance of the qualification certificate

6 Examination

7 Membership of the examining board

8 Qualification certificate

1 Preliminary remarks

Under section 18 (1) No. 1 of the Compressed Air Ordinance, the employer must appoint an

expert and his permanent deputy, who will manage the work in the compressed air and

constantly monitor operation of the working chamber. The expert and his permanent deputy

must have an official qualification certificate according to section 18 (2) DruckLV to enable

them to perform this work.

The ASGB considers it appropriate to describe adequate knowledge and practical

experience in work in compressed air as the basis for the issuance of a qualification

certificate for the expert according to section 18 (1) No. 1 DruckLV and hence to support

reliable management and monitoring of the work in compressed air, as well as to make

recommendations for the demonstration of this experience and knowledge and for the

issuance of the qualification certificate.

2 Area of application

This rule describes the scope and verification of adequate knowledge and practical

experience in work in compressed air as the condition for issuance of a qualification

certificate for experts according to section 18 (1) No. 1 DruckLV.
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3 Tasks of the expert

The tasks of the expert arise from DruckLV and by delegation of additional tasks by the

employer, e.g.:

- management of the work in compressed air and constant monitoring of the

operation of the working chamber (section 18 (1) No. 1 DruckLV),

- participation in the formulation and necessary adaptation of the notification of

compressed air work to the competent authority (section 3 DruckLV),

- participation in applications for exception permits (section 6 DruckLV),

- arrangement of examinations by authorised experts (section 7 DruckLV),

- prevention of assignment of unsuitable persons to compressed air work

(sections 9, 10, 11, 14 DruckLV),

- collaboration with the authorised physician (sections 11, 12, 14 DruckLV),

- keeping of a health card index system (section 16 DruckLV),

- participation in equipping the medical compressed air chamber, recuperation

rooms and sanitary equipment (section 17 DruckLV),

- participation in the selection and appointment of experts, air lock attendants and

operational assistants (section 18 DruckLV),

- informing employees (section 20 DruckLV),

- ensuring the good working order of air locks (section 21 DruckLV).

4 Application

The qualification certificate must be applied for in writing at the authority responsible for

enforcement of the Compressed Air Ordinance in accordance with the specimens attached

as Annex B and Annex C.

5 Prerequisite for the issuance of the qualification certificate

The conditions for issuance are:

- full training in a building occupation or an equivalent qualification,

- activity at management level,

- adequate practical experience in the form of activities related to work in

compressed air; normally evidence must be given of at least 50 compressed air
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assignments, e.g. by submission of photocopies of extracts of air lock books, and

a list of these activities confirmed by the respective expert,

- adequate knowledge of the hazards arising during work in compressed air and

the measures required to ward off such hazards.

Evidence must be provided in an examination according to No. 6 before an examining board

in accordance with No. 7.

6 Examination

In an examination the applicant must demonstrate adequate knowledge of:

• health hazards during work in elevated air pressure, e.g.:

- specific effects of nitrogen and oxygen,

- compressed air complaints,

- compressed air sickness,

- hazards when there is a sudden drop in pressure;

• special technical features of a compressed air construction site, e g.:

- nature and operation of air locks, working chambers and the equipment used to

operate them, medical compressed air chambers, recuperation, changing and

drying rooms and sanitary installations,

- hazards during work in compressed air and measure taken to reduce them, e.g.

greater fire risk due to higher working pressure, when exiting through the air lock

using oxygen, elevated risk during welding, cutting and burning, hazardous

substances in elevated pressure;

• special organisational features with respect to the performance of work in compressed air,

e.g.:

- clothing and personal protective equipment,

- sequence of air lock operations, taking account also of malfunctions (e.g. failure

of the oxygen system),

- behaviour in the working chamber; behaviour before, during and after exit

through the air lock; behaviour in the case of sudden drop of pressure,
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- instruction for air lock attendants;

• statutory regulations governing work in compressed air.

7 Membership of the examining board

The examining board is made up at least of the following:

- a representative of the competent authority as chair,

- a representative of the statutory accident insurance body as advisory members,

- a physician authorised under section 13 DruckLV as advisory member.

8 Qualification certificate

The period of validity of the qualification certificate is normally limited to 3 years. It may be

extended without a further examination if the applicant has been assigned within the period

of validity as an expert in accordance with section 18 (1) DruckLV.

Depending on the pressure level and amount of time with respect to the experience

accumulated on compressed air construction sites, the scope of the qualification certificate

may be limited in terms of working pressure.

If the working pressure in compressed air in which the practical experience was accumulated

was less then 0.7 bar, the qualification certificate must be limited to working pressures of

under 0.7 bar.

A specimen qualification certificate is attached as Annex D.
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Part 3 Exit through the air lock using oxygen after work in compressed air in

conjunction with section 21 (1) Compressed Air Ordinance and Annex 2 of the

Compressed Air Ordinance

Contents

1 Preliminary remarks

2 Area of application

3 Principles of the action of oxygen decompression

4 Measures taken before passing through the air lock

5 Measures taken during passage through the air lock

6 Measures taken after passing through the air lock

7 Behaviour of employees

8 Documentation of work assignments

9 Operation of the oxygen respiration installation

10 Maintenance of the oxygen installation by servicing, inspection and repair

11 Inspection of the oxygen installation

1 Preliminary remarks

According to section 21 (1) DruckLV and Annex 2 DruckLV the evacuation of the employees

through the air lock after work in compressed air must proceed in oxygen. Annex 2 DruckLV

contains detailed information and tables with air lock exit times.

Additional measures are essential to ensure safe performance of the air lock evacuation with

oxygen.

The ASGB considers it appropriate that these measures be described, thus assisting

contractors and employees in the reliable planning and performance of work in compressed

air.

2 Area of application

This rule describes measures and requirements for the safe air lock evacuation using

oxygen after work in compressed air in accordance with section 1 DruckLV.
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3 Principles of action of oxygen decompression

As a function of pressure and time human tissue undergoes additional nitrogen saturation

when exposed to a pressurised atmosphere. This nitrogen surplus can be discharged in a

controlled fashion by the organism through the lung within narrow physiological limits during

the transition to normal pressure. Certain pressure stages (holding stages) must be adhered

to for the minimum times shown in a table, during which time the decompression gas (air,

oxygen or gas mixture) is breathed.

Where air is used as the decompression gas, the pressure gradient which acts to eliminate

the nitrogen is only the slight pressure gradient between the current partial tissue pressure

and the partial nitrogen pressure of the respiration air at the holding stage. Decompression

takes a long time.

When 100 % oxygen is used as a decompression gas, on the other hand, the whole

pressure gradient between the tissue pressure and ambient pressure applies and the tissue

is desaturated in a shorter time. When oxygen is breathed in a pressurised atmosphere, the

proportion of oxygen dissolved in the blood rises several times over in addition and this

increases the oxygen supply to the tissue. Possible microcirculation disturbances due to

nitrogen bubbles can thus be prevented as they arise. The specific effect of the oxygen is

also to reduce the size of nitrogen bubbles and to cause swelling of the tissue.

Recent studies have shown that, when oxygen decompression is used with the tables of

DruckLV (1997) it has been possible to lower significantly the frequency of decompression

diseases.

The condition for such results, however, is the safe handling of oxygen. Ongoing analysis of

the chamber air as a primary fire safety measure is just as essential as absolute adherence

to the explosion limits for oxygen in terms of pressure and time. The subject may only begin

to breathe the oxygen when the pressure in the air lock has dropped to 1.0 bar. Oxygen may

only be breathed at higher pressures if ordered by a physician and it is monitored as a

therapeutic measure. Oxygen is a form of medication that involves the risk of a dangerous

overdose. Involvement of an expert, authorised physician in monitoring the compressed air

exposure provides a safeguard against the risks of acute and chronic oxygen poisoning,

even if the exposure limits are exceeded for emergency reasons.
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4 Measures taken before passing through the air lock

The expert according to section 18 (1) No. 1 DruckLV is responsible for ensuring that the

quantity of oxygen required every working day for the performance of the oxygen air lock is

available. He must ensure that this oxygen is suitable as respiration gas (see Annex).

The expert must ensure that an individually allocated oxygen mask is available for each

employee assigned regularly to work in a pressurized atmosphere.

The air lock attendant must satisfy himself before the beginning of every air lock operation

that the quantity of oxygen indicated by the expert is available.

A trial air lock operation must be performed, in consultation with the authorised physician,

with employees who are to pass through the air lock for the first time. They must be

familiarised with breathing using the mask and must receive instruction on how to behave in

the air lock.

5 Measures taken during passage through the air lock

If an employee ascertains irregularities at his respiration location, he must notify the air lock

attendant without delay.

Air lock operations may only commence when the pressure in the air lock has reached the

pressure stages specified in Table 1 Annex 2 DruckLV (1.0 bar and 0.5 bar respectively).

The air lock attendant may only give instructions to wear the masks when the oxygen

respiration locations are under operation pressure.

The air lock attendant must continuously check the supply pressure of the oxygen respiration

installation.

If there is an interruption of short duration, the oxygen air lock operation may only be

resumed according to the authorised physician's instructions.

If the oxygen respiration installation fails, the air lock attendant must cut off the oxygen

supply and continue the air lock operation with compressed air in consultation with the

authorised physician according to the Emergency Table 1 or 3 Annex 2 DruckLV.
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During the air lock operation with oxygen, the air lock must be adequately flushed out with

compressed air.

The oxygen level in the air lock must be monitored by the air lock attendant. When oxygen

level rises he must immediately increase the flow of flushing air as well. The reasons for the

rise must be determined without delay and suitable countermeasures must be taken.

6 Measures taken after passing through the air lock

The expert must ensure that the respiration masks are cleaned immediately after use.

Before they are re-used they must be in perfect condition technically and in terms of

hygiene.

Deviations from the normal course of an air lock operation must be documented by the air

lock attendant in the air lock log according to Annex A of RAB 25.

7 Behaviour of employees

The oxygen masks may only be put on and taken off on the instruction of the air lock

attendant.

If the employees suffer from health disorders, e.g. nausea or coughing, the air lock attendant

must be notified immediately. The air lock operation is then resumed in accordance with the

instructions of the authorised physician. In such cases the cause must be determined. If

necessary, the composition of the oxygen used and the serviceability of the oxygen

respiration system must be checked.

It is not permitted to take ignition sources into the air lock. Smoking, naked flame and

unshielded light are prohibited.

The employees in the air lock must wear their masks continuously throughout the oxygen air

lock operation and they must not sleep.

8 Documentation of work assignments

The air lock operations must be documented in the air lock log in accordance with the

specimen shown in Annex A of RAB 25. This document must be given to the competent



Part 3 to RAB 25

16 - 33

occupational safety and health authority responsible for the work after conclusion of the

construction work.

9 Operation of the oxygen respiration installation

The valves of lines carrying oxygen must be opened slowly.

All installations carrying oxygen must be free of oil and grease.

10 Maintenance of the oxygen installation by servicing, inspection and repair

Installations in operation must be inspected regularly (e.g. every six months) and in the case

of malfunctions immediately by the manufacturer or supplier.

Together with the inspections mentioned in section 18 (1) No. 2 DruckLV (inspection in the

meaning of "DIN 31051 Fundamentals of Maintenance") a technical performance test must

be conducted on the oxygen installation.

The oxygen installation may only be repaired on the instruction of the expert.

11 Inspection of the oxygen installation

The oxygen installation is a constituent part of the air lock system and must be included in

the inspections according to section 7 DruckLV.
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Annex A (to Part 1 and Part 3 of RAB 25)
Specimen documentation of work assignments

Air Lock Log

Construction Site:

Date Name Working Beginning of Beginning of Time spent Exit through air lock End of Exit through Special features Signature of

Pressure entry through

air lock

exit through air

lock

in comp-

ressed air

up to         Air         Oxygen air lock

operation

air lock air lock

1st stage 1.5 bar 1.2 bar 1.0 bar 0.5 bar Total attendant

bar TIME TIME HR: MIN MIN MIN MIN MIN MIN TIME HR : MIN

1 2 3 4 5 6 = 5-4 7 8 9 10 11 12 13=12-5 14 15

Signature of Specialist Site Manager for Pressure:
.............................
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Annex B (to Part 2 of RAB 25)
Specimen for the application for issuance of a qualification certificate according to
section 18 (2) of the Compressed Air Ordinance

Application for Issuance of a Qualification Certificate

according to section 18 (2) of the Compressed Air Ordinance concerning the practice of the work of an

expert wihin the meaning of section 18 (1) No. 1 of the Compressed Air Ordinance.

1. Personal details:

Family name:   ....................................................................................................................

First name:   ........................................................................................................................

Born on ................................ in ...........................................................................................

Occupation:   .......................................................................................................................

Address:   ............................................................................................................................

Occupational training   ........................................................................................................

2. Evidence of periods of practical experience in compressed air:

Period from ................ to ................; Construction site:   ....................................................

(Evidence of activities according to Annex C to RAB 25 is attached)

2.1   .....................................................................................................................................

2.2   .....................................................................................................................................

2.3   .....................................................................................................................................

2.4   .....................................................................................................................................

2.5   .....................................................................................................................................

Note:

The qualification certificate is only valid in combination with the evidence of health suitability in

accordance with section 10 DruckLV.

....................................................... ........................................................

(place and date) (applicant's signature)

Annex: Evidence of activity
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Annex C (to Part 2 of RAB 25)
Specimen of evidence of activity for application for issuance of a qualification certificate
according to section 18 (2) Compressed Air Ordinance

Evidence of Activity

Construction site:  (stamp/letter head) ....................................................................

Mr / Ms ........................................................................................

worked under compressed air in the period from ................................  to ....................................

on the construction site ...................................................................................................................

The working pressure was ............. bar.

During this period he/she carried out the following activities:

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

....................................................... ...................................................................................

place, date (signature(s) of site management and expert)
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Plant D (to Part 2 of RAB 25)
Specimen for the qualification certificate according to section 18 (2) Compressed Air
Ordinance

Qualification Certificate

(according to section 18 (2) Compressed Air Ordinance)
No. ................

1. Mr/Ms
...........................................................................................................................................
...........................................................................................................................................
born on ................................
in .........................................................................................
resident at
...........................................................................................................................................
is qualified to act as expert within the meaning of section 18 (1) No. 1 of the Ordinance on
Work in Compressed Air (DruckLV) in managing work in compressed air and in constantly
supervising operation of the working chamber,

2. The qualification certificate is issued subject to the following conditions:
- The qualification certificate is only valid in combination with the evidence of health

suitability in accordance with section 10 DruckLV.
- .................................................................................................................................
- .................................................................................................................................

3. The qualification certificate is hereby issued, it is revocable and it expires on
........................................................................................................................................

4. Notes:

........................................................................................................................................

........................................................................................................................................

Official seal                                                                                     (signature)
(issuing authority)
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Appendix to RAB 25

Answers to frequently asked questions on the application of the Compressed Air

Ordinance

In practice numerous questions arise in connection with the application of the Compressed

Air Ordinance (DruckLV). The Committee for Safety and Health on Construction Sites

(ASGB), whose tasks include advising the Federal Ministry of Economics and Labour on

general questions of safety and health protection on construction sites, has compiled

answers to the following questions. They represent a consensus of all groups concerned

with work in compressed air. With the answers it is intended that the parties involved receive

support in the planning, approval and executing of the relevant work.

Contents:

1 Physiological principles when working in a pressurised environment. What are the

exposure limits?

2 Is it possible to generalise the experience from work previously performed in

compressed air at working pressures above 3.6 bar?

3 What organisational possibilities are there for reducing stresses due to work in

compressed air?

4 What technical possibilities are there for satisfying ergonomic needs during work in

compressed air?

5 Why is a medical compressed air chamber needed on every construction site?

6 Why is it important to adhere to waiting times on the construction site?

7 What measures are appropriate to prevent and fight fires in compressed air?

8 What problems arise with the use of respirators for self-rescue ("self-rescue devices") in

compressed air?

9 What must be noted when welding and cutting in compressed air?

10 In diving assignments what must be noted in the context of work in compressed air?

11 What are the tasks the client must perform with respect to the Construction Sites

Ordinance when work is to be carried out in compressed air?

12 What kind of oxygen must be used for exit through the air lock with oxygen?
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In the DruckLV the unit of bar is used for the working pressure with the standard sign "bar".

To highlight the fact that this pressure is the differential pressure beyond atmospheric

pressure, the symbol pÜ  is used below. The employee is exposed to a total pressure pabs

which is obtained from the sum of atmospheric pressure patm and working pressure pÜ.

The term "compressed air sickness" is used generically to describe all health disorders

occurring in connection with exposure to compressed air.

1 Physiological principles when working in a pressurised environment. What are
the exposure limits?

Respiratory air is a gas mixture with the major constituents oxygen (approx. 21 %) and

nitrogen (approx. 79 %). The human organism is saturated under a normal atmosphere of

1 bar with nitrogen of about 0.79 bar in all bodily structures. At the same time with every

breath the same quantity of nitrogen is breathed as then breathed out again because it

serves no purpose whatsoever in the body's metabolism. Oxygen as a vital oxidation gas is

metabolised by the body's cells in accordance with the organism's current energy

requirements. The level of the oxygen partial pressure is therefore still unproblematic with

already critical nitrogen partial pressures (except where pure oxygen is breathed). With

elevated ambient pressure the partial pressures of the respiration gas also rise

proportionally. On a new pressure level a saturation of all bodily tissues with nitrogen now

begins. There are considerable differences in the capacity of the individual tissues to take up

nitrogen; for example fatty tissues dissolve five times more nitrogen than blood. The quantity

of nitrogen taken up is determined mainly by the variables of pressure, time, individual

metabolic situation and physical strain. Only pressure and time are included as variables in

the calculation of decompression procedures. Human tissue is capable of accepting a

certain differential pressure between acquired, elevated nitrogen tissue pressure and

ambient pressure without developing symptoms (tolerated inert gas differential pressure

during decompression); if this individual "inner limit value" is exceeded there is an increasing

change in the state of dissolved nitrogen into the gaseous phase. Organic disorders then

start to appear on all tissue structure levels, from nerve tissue, hormone and enzyme

forming tissue through to the metabolically slowest tissues, such as ligaments, cartilage and

bones; such disorders occur as so-called decompression sickness with its many different

forms and damage patters and thus necessitate immediate, specific compressed air medical

treatment.

The limits of human pressure exposure are unalterably fixed by the exponential nitrogen

saturation and desaturation processes, taking account of the complex biological processes
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(as described above in simplified form). Variations at maximum immersion depths or

compressed air exposures arise in particular from different parameters of the respective

exposure (temperature, climate, stress, strain, exposure medium etc.). In addition to the

acute toxic effects of the nitrogen (narcosis), which limits the working pressures to

pÜ = 3.6 bar with compressed air, the maximum working times under pressure are

determined mainly by the long desaturation half-lives of the "slow" tissue, such as bones and

cartilage. In particular slow "basic times" in the case of repeated exposures, such as are

typical for work in compressed air, lead to stage-by-stage saturation on the basis of residual

nitrogen form the preceding exposures. A singe exposure at high working pressures and a

long basic time can, however, cause nitrogen saturation with slow tissues, which results in

certain areas to "saturation decompression" during decompression, i.e. necessitates

excessively long decompression, with an increase in health risk due, among other things, to

restricted mobility in the air lock. The effect described is boosted by the biological peculiarity

that the slow tissues have a significantly (exponentially) faster saturation and desaturation

behaviour. Working pressure and working time therefore have biologically fixed, non-

surpassable and narrow limits with hyperbar exposures when air is used as respiration gas.

These are the basis for the corresponding safety and health regulations.

2 Is it possible to generalise the experience from work previously performed in
compressed air at working pressures above 3.6 bar?

For the area of compressed air work at working pressures above pÜ = 3.6 bar there is no

adequate medical experience. Knowledge relating to pressure exposures in the range above

pÜ = 3.6 bar comes essentially from professional and military diving.

Using special techniques and variable risk evaluations, depth exposures are generally

possible there with mixed gas and saturation techniques.

High working pressures have already been achieved in already completed projects,

combining also diving work and compressed air work. The experience gained there is,

however, closely linked with specific local, technical and organisational conditions of the

respective project.

All experience previously acquired with higher working pressures is not sufficient to

represent the state of the art, occupational medicine and hygiene or other sound knowledge

for compressed air work rooted in the relevant Codes of Practice.
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Basically no construction procedure should be envisaged where the working pressure

exceeds pÜ = 3.6 bar. In individual cases the practicability must be verified in scientific

studies specifically with regard to the aspects of occupational safety and health protection.

Because of the expenditure of time and organisational effort this is essential as early as the

planning phase in such projects.

The specific evaluation and establishment of the parameters, the techniques used (e.g.

mixed gas and saturation methods) and the exposure limits are then the duty of the

competent specialist authority.

3 What organisational possibilities are there for reducing stresses due to work in
compressed air?

The following organisational possibilities can reduce stress due to work conducted under

compressed air:

With all compressed air work care must be taken to ensure that the compressed air workers

have dry clothing with them to enable them to change out of their moist/wet clothes before

exiting through the air lock. During compressed air work and exit through the air lock care

must be taken to ensure that sufficient quantities of liquid are drunk.

Working time under compressed air
With a first-time assignment in compressed air, with a first-time assignment in a higher

pressure stage or after extended breaks (more than 14 days), the working time should be

reduced substantially in consultation with the authorised physician. This reduction applies for

at least the first two assignments in each case.
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In the case of additional decompression stress
Where there are additional factors which can be regarded as decompression stress, such as

flying, travelling through mountain passes, stays at high altitudes, great physical effort and

extended car journey, additional measures must be taken by order of the compressed air

physician.

These may be, for example, extended waiting times, curtailed working times or extended

decompression times.

Behaviour in the case of compressed air sickness / alarm systems for compressed air

sickness
Before commencement of compressed air work all personnel working in compressed air

must have explained to them how to react if compressed air sickness arises and a procedure

must be laid down. This will include, for example:

• Alarm system:

- Who must be phoned?

Compressed air emergency team, with fixed network phone number, is on

compressed air ID card

- What information must be given?

- complaints: nature, when first noticed and subsequent development,

- when exiting through air lock, with/without oxygen,

- working pressure, nature of activity, number of previous successive compressed

air assignments,

- current location, how to be reached by phone?

• Nature of transport to construction site (e.g. taxi, ambulance)?

• Who notifies compressed air physician?

• Who informs air lock attendant of medical compressed air chamber?

• Who arranges for medical compressed air chamber to be put into service?

• Who enters through air lock with the patient if necessary (oxygen treatment)?

• Consultation with rescue control point in order to ensure transport into medical

compressed air chamber on the construction site and not to a hospital (must be

regulated beforehand).

4 What technical possibilities are there for satisfying ergonomic needs during
work in compressed air?

Personnel air locks
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The DruckLV describes the minimum requirements for the dimensions and equipment of the

personnel air locks. When selecting the dimensions of the air lock, the arrangement of seats,

the design of the seats and the clear profile, ergonomic aspects must be taken into account

which also ensure physiological sitting for personnel of different sizes. Care must be taken in

particular to ensure sufficient opportunity to move the extremities.

If the ergonomic needs are inadequately considered, combined with the special physical

states arising with nitrogen desaturation, the result may be an increased risk of compressed

air sickness.

If, in the case of tunnel heading machines, the local conditions do not permit the integration

of an air lock designed to fit the economic requirements, it must be provided for that

appropriately designed mobile personnel air locks are assembled for the work assignments.

Transport chambers
If it is not possible to an adequate extent to design the personnel air lock in accordance with

ergonomic principles, use of transport chambers will make it possible, for example, to

perform part of the decompression in a larger air lock designed according to ergonomic

principles and constructed at another location. This is advisable especially where long

decompression times apply.

Communication
Personnel air locks and medical compressed air chambers must be equipped with a

continuous surveillance system that works acoustically.

To prevent any interruption of the oxygen supply during exit through the air lock, respirator

marks with integrated speaking facility must be used to facilitate communication between the

personnel in the air lock and between them and the air lock attendant. This will prevent

incomplete decompression.

In addition it is advisable to install audio systems to reduce the mental strain during extended

air lock times.

Temperature control of air locks and medical compressed air chambers
When personnel are entering and exiting through the air lock, considerable temperature

fluctuations arise due to the change of pressure in the air lock. A slow change in pressure

during passage through the air lock reduces major temperature fluctuations.

To protect air locks and operating personnel against the effect of weather, a housing must

be provided for to prevent overheating and undercooling.
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Air lock attendant's workplace
The air lock attendant must be provided with an ergonomically designed workplace, from

which he can easily reach all the control elements of the air lock and the medical

compressed air chamber, take exact data from measuring instruments and monitor the

interior of the air locks both optically and acoustically.

The workplace should have a seating possibility and adequate space for the written

documentation.

Transport of personnel
After decompression any physical effort must be avoided; this also includes climbing stairs

(e.g. in the excavation pit) or walking long distances. To ensure this, a passenger lift and/or

transport vehicles can be used.

5 Why is a medical compressed air chamber needed on every construction site?

The Compressed Air Ordinance lays down that with a working pressure of pÜ = 0,7 bar and

more a medical compressed air chamber must be available on the construction site

(section 17 (1) No. 1 DruckLV).

To treat decompression sickness recompression is necessary. The presence of a medical

compressed air chamber on the construction site will ensure that treatment can be provided

without delay.

If a medical compressed air chamber is available on the construction site, this will lower the

threshold for its use by employees if they are not feeling well. This will in turn reduce the risk

of consequential damage due to lack of treatment or delayed treatment.

In the context of the occupational medical assessment of employees, test passages through

the air lock are used to estimate possible adverse health consequences from exposure to

compressed air. With a medical compressed air chamber available on the construction site it

is possible to conduct such test passages through the air lock at any time in the required

pressure range with little effort.
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6 Why is it important to adhere to waiting times on the construction site?

The nitrogen desaturation in the body tissue is not over once the personnel have exited

through the air lock. A complete desaturation is only achieved after about 36 hours. As long

as the desaturation is not complete, there is a risk that a decompression sickness (caisson

disease) will develop. This risk declines as desaturation progresses and it is therefore

greatest in the first few hours after exit through the air lock.

Recompression is needed to treat decompression sickness. It can be initiated without losing

time on the construction site, because a medical compressed air chamber must be available

on every compressed air construction site at a working pressure of pÜ = 0.7 bar or more. If

the subject leaves the construction site before the end of the waiting times, this means that

the required treatment will take place after a delay. Belated treatment may cause irreversible

physical damage and have consequences later.

In addition special conditions may favour the development of a decompression sickness

after the subject has left the construction site, e.g. constrained posture during a long car

journey, flying (on account of the lower ambient pressure), vibrations when using means of

transport ("effervescence effect") and physical effort. A decompression sickness may impair

the capacity to act, e.g. restrict the ability to drive.

7 What measures are appropriate to prevent and fight fires in compressed air?

A fire arises when ignition energy, fuel and oxygen coincide. More oxygen means a lower

ignition temperature with a simultaneous increase in combustion rate. When compressed, air

contains a greater quantity of oxygen than when under atmospheric pressure.

The site management must therefore minimise the quantity of combustible materials stored

in the working chamber by means of appropriate organisation of the working sequences, lay

down the necessary measures and monitor their implementation, e.g.:

• regularly and carefully monitor possible ignition sources, such as electrical installations,

machines and conveyor belts, to establish any defects,

• store highly inflammable, easily inflammable and inflammable material in the working

chamber only in the absolutely necessary working chamber,

• store materials presenting a fire hazard (e.g. wood wool) as far as possible in non-

combustible containers,
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• observe special safety instructions for cutting and welding work,

• remove waste immediately from the working chamber,

• draw up alarm and rescue plans.

Extinguishing a fire in the working chamber of a compressed air construction site can

normally only involve the construction site personnel assigned to the compressed air zone

fighting a fire as it arises.

The following are required to effectively fight a fire as it starts:

• water line with sufficient capacity and number of connections and hoses to reach every

point in the working chamber,

• suitable fire extinguishers in areas subject to a special degree of hazard (e.g. foam

extinguishers or powder extinguishers with approval for underground use by the Mining

Hygiene Institute).

If the attempt to extinguish the fire fails, the working chamber must be evacuated

immediately. Complete evacuation of the working chamber has priority over all other

measures. Extinguishing work by external personnel, e.g. fire brigade personnel, should only

be attempted in individual cases where there are special reasons for doing so.

A fire safety plan must lay down clear regulations for a fire, such as responsibilities for the

sequence of measures to be taken, the alarm system, occupation of the air lock, the

ventilation concept.

The employees must be given regular instruction. The instruction must be documented. The

knowledge imparted must be reinforced by emergency exercises.
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8 What problems arise with the use of respirators for self-rescue ("self-rescue
devices") in compressed air?

A respirator for self-rescue is an item of personal protective equipment which is only

intended to enable the wearer of the device to escape from the danger zone ("rescue

device"). This must be distinguished from respirators used for work and rescue purposes,

e.g. by the fire brigade for rescue and extinguishing work.

Because of toxic effect of various gases arising in a fire and the reduction of the oxygen

level in the working chamber, there is a need for an insulation device that works

independently of the ambient atmosphere. Filtering devices are therefore not suitable for use

in compressed air.

When insulating devices are used (tank devices or regeneration devices) the problems

arising include the following:

• The respiration air throughput of a self-rescuer rises proportionally to the working

pressure. This means a corresponding reduction in the operating time as compared to

the time given for normal pressure. This restricts the possible use in the case of long

escape routes.

• Commercially available oxygen self-rescuers are set such that the oxygen content in the

self-rescuer's respiration circuit reaches almost 100 % only shortly after it has been put

on. The pressure in the respiration circuit is identical with the ambient pressure in the

working chamber pabs (see preliminary remarks). Since oxygen can have a toxic effect

with a partial pressure of > 2.0 bar in the respiration air, such devices are not suitable at

working pressures of pÜ > 1.0 bar (equivalent to  pabs > 2.0 bar).

If it is not possible to use oxygen self-rescuers because of the construction site situation,

e.g. working pressure, length of escape routes or fire load, suitable "respirators for work and

rescue" may also be used for self-rescue (see, for example, BGR 190 "Use of Respirators").

In the case of such devices it is possible to reduce the oxygen partial pressure to a tolerable

level with the use of respiration gas with a modified oxygen content.

In order to ensure that the device can be opened, a self-rescuer intended for use under

pressure must be equipped with an opening which facilitates a pressure equalisation

between the interior of the device and the environment. A normal pressure device cannot be

opened under pressure because the lid is pressed onto the seal by the higher ambient

pressure.
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In view of the above problems it is not possible to make generally applicable

recommendations.

It is therefore necessary to select suitable devices and integrate them in the rescue plan,

taking account of the conditions on site.

9 What must be noted when welding and cutting in compressed air?

The flue gases arising during welding and cutting have a considerable worse effect on health

than under atmospheric conditions. It is not possible to apply air limit values because such

values have not been determined and laid down for compressed air.

A respiration air supply which is independent of ambient air should therefore be installed in

addition to the workplace ventilation and any local hazardous substance extraction system.

The use of respiration filters in connection with such work is not possible because of the rise

in respiration resistance due to the pressure and the possibly unknown hazardous

substances which arise.

For personal protective equipment only materials may be used which are also flame-

resistant in a pressurised atmosphere.

In addition reference should be made to the applicable regulations (e.g. the accident

prevention regulation (UVV) "Welding, Cutting and Related Procedures" (BGV D 1), code of

practice of the TBG on welding and cutting work in compressed air).

10 In diving assignments what must be noted in the context of work in compressed
air?

In mechanical road heading operations diving may be necessary which involve s working in

compressed air. The safety regulations which apply for diving assignments are different from

those for work in compressed air. Whereas with work performed in compressed air the

governmental occupational safety and health authority is responsible through the

Compressed Air Ordinance, the relevant Berufsgenossenschaft (BG = institution for statutory

accident insurance and prevention) is responsible for enforcement of the BG accident

prevention regulation "Diving Work" (BGV C 23).
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For the diver who may, for example have to dive in the pressurised chamber of a tunnel

heading machine, the provisions of the DruckLV apply. For the duration of the dive the

regulation BGV C 23 applies in addition.

Problems may arise from various specifications of DruckLV and BGV C 23 for equal

pressure levels.

With such work it is essential to contact the governmental occupational safety and health

authority and the Berufsgenossenschaft at an early stage so that an arrangement can be

agreed with these bodies before work is commenced.

11 What the tasks the client must perform with respect to the Construction Sites
Ordinance when work is to be carried out in compressed air?

Work in compressed air is particularly hazardous work within the meaning of section  2 (3)

BaustellV. In view of the anticipated scope of work on compressed air construction sites

such work is normally performed by employees of several employers. If this is the case a co-

ordinator must be appointed and, if further criteria of the Construction Sites Ordinance are

met, a safety and health plan (SiGePlan) must be drawn up and a document for subsequent

work compiled.

The active involvement of a co-ordinator in the early phase of planning work in compressed

air means – possible with the engagement of additional specialists – exerting an influence on

the selection of construction procedures with minimum possible hazard potential, for

example by:

• preparing comments on alternative construction procedures,

• collecting information on possible working procedures for compressed air work

(conventional heading, caisson, mechanical heading with liquid-supported or air-

supported face etc.) and the hazards to be considered,

• highlighting and evaluating possible hazards of compressed air operation with respect to

safety.

It is recommended that a separate module on "compressed air work" be integrated in the

safety and health plan - SiGePlan – for the construction project. In this way the reciprocal

hazards and resulting measures are exclusively brought to the notice of and explained to the

companies and their employees involved in or connected with the work in compressed air.
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The content of the "compressed air work" module of the safety and health plan may include:

• delimiting the compressed air work and documentation of the possible effects on the

other works/the construction operations,

• inclusion of the medical care and first aid measures for work in compressed air in a

comprehensive rescue plan for the construction site,

• emergency plan with provisions for the overlapping of the areas of activity "emergency

medicine" and "compressed air medicine" (e.g. work accident in the compressed air in

the working chamber which does not permit exit through the air lock in conformity with

the rules),

• transport routes, rescue routes and open areas to be kept clear during compressed air

operations,

• priority regulation for cranes and other means of transport in the case of rescue

measures

• establishment of communication and information routes,

• inclusion of the needs of the compressed air operations in construction site regulations,

• reference to related texts of invitations to tender.

12 What kind of oxygen must be used for exit through the air lock with oxygen?

There are various grades of oxygen available on the market. In the case of exit through the

air lock using oxygen, medical oxygen must be used in order to prevent health hazards due

to contaminants and traces of other gases.


