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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies {ISO member bodies). The work of preparing International
Standards is normally carried out through I1SO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with I1SO, also take part in the work.

Draft Internationa! Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the 1SO Council. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard 1SO 8194 was prepared by Technical Committee ISO/TC 85,
Nuclear energy.

Users should note that all International Standards undergo revision from time to time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.

@ International Organization for Standardization, 1987 @

Printed in Switzerland
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INTERNATIONAL STANDARD

1SO 8194 : 1987 (E)

Radiation protection — Clothing for protection
against radioactive contamination —
Design, selection, testing and use

1 Scope and field of application

This International Standard gives the characteristics of clothing
protecting the wearer against radioactive contamination
brought about by contact with liquid or solid substances or by
atmospheric pollutants, such as solid particles, mist, gases or
vapours.

The International Standard applies to two types of clothing:
firstly, ventilated-pressurized garments; secondly, unven-
tilated-unpressurized garments.

A test method according to which any new type of garment
can be assigned a protection factor that makes it easier for the
user to make a choice is described in annex A.

Annexes B and C give methods for measuring leak-tightness
and air supply flow rates of ventilated-pressurized garments.

Annex F gives, for guidance purposes only, recommendations
for choosing protective clothing.

2 References
ISO 3873, /ndustrial safety helmets.

IEC Publication 6561, Sound level meters.

3 Definitions

3.1 ventilated-pressurized garments: Protective clothing
made from impermeable material which is supplied with
breathable air ensuring internal ventilation and overpressure.

These garments provide protection for the respiratory tract and
the whole body (head, hands and feet) or only the upper part of
the body.

3.2 unventilated-unpressurized garments: Protective
clothing made from impermeable or permeable material without
an internal ventilation device.

These garments are not intended to provide protection for the
respiratory tract but they provide protection for other parts of
the body.

3.3 protection factor for clothing: The ratio of the
average concentrations of pollutant measured in the ambient

Full document details: ISO 8194-1987

atmosphere and inside the helmet of the suit at the point where
the wearer draws breath.

The concentrations taken into account are the average concen-
trations recorded during a standardized test (see A.11.8).

4 Ventilated-pressurized garments
4.1 Classification

4.1.1 General

Ventilated-pressurized clothing is divided into four classes,
depending on the way in which the air is released.

Recommendations as to the selection of garment types for dif-
ferent operating conditions are given in annex F.

The four classes are given in 4.1.2 to 4.1.5.

4.1.2 Class I: Ventilated-pressurized clothing with
a channelled outlet outside the shield

In class | clothing, the exhaust air is channelled and released at
a distance from the ambient atmosphere (e.g. an argon at-
mosphere) so that the composition of the latter is not affected.

4.1.3 Class Ii: Ventilated-pressurized clothing with
a controlled and channelied outlet

In class Il clothing, the exhaust devices (valves, perforations,
particulate and gas filters) are fitted with a channel which
directs the exhaust air over a specified distance so as to pre-
vent, by ensuring a fast enough exhaust speed, back-diffusion
of pollutants.

4.1.4 Class Ill: Ventilated-pressurized clothing with
a controlled outlet

In class Il clothing, the air is released through exhaust devices
(valves, perforations, particulate and gas filters} into the sur-
rounding atmosphere.

4.1.5 Class IV: Ventilated-pressurized clothing with
an uncontrolied outlet

In class 1V clothing, the air escapes freely into the surrounding
atmosphere (through belt, sleeves, etc.).
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4.2 Leak-tightness

The main purpose of ventilated-pressurized garments is to pro-
tect the wearer, satisfactorily, from a contaminated at-
mosphere. This is achieved partly by making up the garment,
preferably, in one piece, and partly by having an air-feed at
overpressure which purges and inhibits pollutants from leaking
into the garment. A method for measuring the leak-tightness of
ventilated-pressurized garments is given in annex B.

4.3 Manufacturing materials

4.3.1 The materials used to make the clothing shall be im-
permeable to the radioactive pollutants (see 4.7) and shall not
be adversely affected by other substances in the working en-
vironment or by severe climatic conditions. The materials shall
be adaptable to the production of the protective clothing and to
its disposal after use.

The choice of materials shall be made after account has been
taken of the following factors:

a) mechanical factors, e.g. tearing, wear, perforation,
etc.;

b) thermal factors, e.g. incandescent particles, high
specific activity particles, etc.;

c) chemical factors, e.g. attack by solvents, particles of
corrosive products, etc.;

d) electrical factors, e.g. conductance, etc.;

e) risk of explosion, e.g. static electricity, etc.

4.3.2 Materials which might come into contact with the skin
shall be smooth and free from irritant substances or substances
known to be allergenic, and, while in use (in particular when in
contact with sweat) or in storage, they shall not release
chemical agents in amounts dangerous for the human body.

4.3.3 The materials, surface and finish of various components
in the clothing intended for re-use shall be easily decon-
taminated and/or cleaned after use.

4.3.4 The flammability of materials shall be clearly indicated.
The flammability performance of the materials which the
clothing is made from shall conform with requirements laid
down by national legislation in force, if such exists.

4.3.5 Garments shall be made of materials which permit them
to be stored for at least two years under the conditions recom-
mended by the manufacturer. Such conditions may include
protection against exposure to light, particularly UV, and
storage at normal room temperatures.

4.4 Manufacture

441 Design

The design and size of a garment shall be such that they pro-
vide the wearer with a reasonable degree of comfort and do not
seriously impede movement; this may be achieved by mini-
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mizing the bulk of the garment and by avoiding protruding
components which are likely to prevent free movement in con-
fined working spaces.

442 Mass

The mass of the garment shall be as low as practicable in order
to ensure the wearer’s safety and comfort, and reduce physical
effort.

4.4.3 Seal

The design of any sealing device shall minimize the risk of con-
tamination when the wearer is removing the garment.

4.4.4 Headgear

4.4.41 The headgear, which is the part of the garment which
covers the wearer’s head, may be flexible or rigid.

4442 The window in the headgear shall ensure a wide
enough field of vision to allow the wearer to carry out the
necessary work. Optical defects shall be kept to a minimum.

4.4.43 Means shall be provided to prevent the window from
misting over.

4.4.4.4 In cases where the rigid headgear is designed to pro-
vide protection against impacts, it shall comply with ISO 3873.

4.4.45 The base of the rigid headgear shall have a leak-tight
coupling connecting it to the garment to make it easy to
remove the headgear for decontamination, repair or replace-
ment.

445 Gloves

Gloves shall either form an integral part of (i.e. welded to) the
garment or be detachable (care shall be taken to ensure the
leak-tightness of fixing). In all cases, the choice of gloves and,
where applicable, the number of gloves worn on top of each
other will depend on the nature of the work to be carried out.

4.4.6 Footwear

Footwear shall either form an integral part of (i.e. welded to)
the garment or be detachable (care shall be taken to ensure the
leak-tightness of fixing). In all cases, the choice of footwear will
depend on the nature of the work to be carried out.

4.5 Breathing air supply and internal ventilation

4.5.1 General

The air supply to ventilated clothing shall not only meet the
wearer’s breathing requirements but also those of his thermo-
regulation.
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4.5.2 Air supply flow rate

The air supply flow rate shall be between 9 and 15 m3/h
{between 150 and 250 I/min} (n.t.p.)1 under normal conditions
of use?. For some severe operating conditions (high ambient
temperature, mild compressed air, high activity of the wearer),
the air supply flow rate shall be capable of reaching 30 m3/h
(500 1/min).

A method for measuring the air supply flow rate of pressurized-
ventilated clothing is given in annex C.

4.5.3 Regulating the flow rate

The air flow rate is regulated either by the wearer or from a
control panel. This enables the flow rate of ventilation air to be
adjusted to changes in the wearer’s activity, the ambient tem-
perature and the pressure of the air source. The regulating
valve of the garment shall not be cumbersome and shall be
robust and decontaminable. The valve shall be positioned
within easy reach of the wearer and away from the headgear
because of the noise it may produce. The tap shall be fitted
with a closure-fimiting device or a by-pass in order to guarantee
the wearer the minimum flow of breathable air necessary, i.e.
3,6 m3/h (60 I/min) when the tap is accidentally closed.

4.5.4 Overpressure in the garment

The pressure drop of the ventilation air through the exhaust
creates overpressure in the clothing.

Overpressure contributes to the efficiency of a garment by in-
hibiting pollutants from leaking into the garment as a result of
defects in the leak-tightness of the clothing (perforations,
porosity, faulty seals, etc.).

Normal overpressure in a garment shall be between 0,1 and
0,3 kPa (1 and 3 mbar), the measurement being taken on a gar-
ment the voilume of which is constant (immobile wearer) and
which is supplied with 12 m3/h (200 I/min) {(n.t.p.).

If the wearer makes rapid movements (stretching, bending
down, etc.), the dead volume of the garment tends to be
reduced in a short period of time resulting in a high flow rate
through the escape devices. If the latter cannot absorb these
flow rate peaks, the resulting overpressure may cause discom-
fort in the wearer’'s eardrums.

The overpressure in a garment measured under the above con-
ditions, using a manometer with a suitable response time, shall
not exceed 1,2 kPa (12 mbar) {see annex A).

455 Characteristics of the breathable air

The air supply to the ventilated garment shall be as similar as
possible to that of normal atmospheric air.

In the absence of national legislation, the maximum permissible
values of the pollutants are as follows:

10 ppm (parts per million
in volume)

— carbon monoxide (CO)

1) n.t.p.: normal temperature and pressure, i.e. 0 °C and 101,3 kPa.
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— carbon dioxide (CO,) 500 ppm
— mineral oil (vapour) 0,5 mg/m3
— dust 0,5 mg/m3

The impurities of breathable air shall be kept to a minimum, but
in any event shall not exceed the occupational exposure limit
(OEL).

45.6 Air conditioning

When worn in areas where the temperature is considerably dif-
ferent from normali, clothing shall be supplied with heated or
cooled air, as appropriate.

In the case where the ambient air temperature is higher than
normal and where strenuous physical activity is involved,
thermal stress can be reduced by drying the air supply.

4.5.7 Characteristics of air hoses

The fiexible hoses used for the compressed breathing air supply
of ventilated-pressurized garments shall be

— manufactured from a material that does not affect the
quality of the air for breathing;

— resistant to the maximum service pressure;
— resistant to longitudinal tension;

— resistant to kinking;

— resistant to crushing;

— as light as possible.

4.5.8 Internal ventilation device

Internal ventilation shall provide as homogeneous and constant
a renewal of air as possible to all areas of the garment, what-
ever the movements and positions of the wearer. The air inlet
into the headgear shall provide efficient ventilation of the facial
area so as to dilute and carry away the expired air comprising
carbon dioxide and water vapour (so as to avert the danger of
recycling the carbon dioxide and misting of the visor).

Examples of this device are given in annex D.

4.5.9 Exhaust devices

These devices are intended to let air escape out of the garment
with a minimum of pressure loss, and either to prevent ambient
air from leaking into the garment or to filter ambient air before it
leaks into the garment, so as to minimize any pollution.

Examples of exhaust devices are given in annex E. Should there
be no exhaust device, the air shall escape freely.

2) Mechanical muscular work rate approximately 50 W; ambient temperature of 25 °C.
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