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European foreword

This document (EN 45544-4:2016) has been prepared by CEN/CENELEC Joint Working Group "Continuous
Measuring Instruments” (JWG CMI).

The following dates are fixed:

» latest date by which the document has to be (dop) 2017-01-25
implemented at national level by
publication of an identical national
standard or by endorsement

» latest date by which the national (dow) 2019-01-25
standards conflicting with the
document have to be withdrawn

This document supersedes EN 45544-4:1999.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights.
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Introduction

National laws and regulations based on European Directives require the assessment of the potential exposure
of a worker to chemical agents in workplace atmospheres.

EN 45544, Workplace atmospheres — Electrical apparatus used for the direct detection and direct
concentration measurement of toxic gases and vapours, consists of the following parts:

— Part 1: General requirements and test methods;
— Part 2: Performance requirements for apparatus used for exposure measurement;
— Part 3: Performance requirements for apparatus used for general gas detection;

— Part 4: Guide for selection, installation, use and maintenance.
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1 Scope

This European Standard gives guidance on the selection, installation, use and maintenance of electrical
apparatus used for the direct detection and direct concentration measurement of toxic gases and vapours in
workplace atmospheres. The primary purpose of such apparatus is to measure the concentration of a toxic
gas or vapour in order to provide an exposure measurement and/or detection and warning of its presence.
This European Standard is applicable to apparatus whose primary purpose is to provide an indication, alarm
and/or other output function to give a warning of the presence of a toxic gas or vapour in the atmosphere and
in some cases to initiate automatic or manual protective actions. It is applicable to apparatus in which the
sensor automatically generates an electrical signal when gas is present.

This European Standard is not applicable, but may provide useful information, for apparatus

— used for the measurement of oxygen,

— used only in laboratories for analysis or measurement,

— used only for process measurement purposes,

— used in car parks or tunnels (fixed apparatus only),

— used in the domestic environment,

— used in environmental air pollution monitoring,

— used for the measurement of combustible gases and vapours related to the risk of explosion.

It also does not apply to open-path (line of sight) area monitors.

For apparatus used for sensing the presence of multiple gases, this European Standard applies only to the
detection of toxic gas or vapour.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 482:2012+A1:2015, Workplace exposure — General requirements for the performance of procedures for
the measurement of chemical agents

EN 45544-1:2015, Workplace atmospheres - Electrical apparatus used for the direct detection and direct
concentration measurement of toxic gases and vapours - Part 1: General requirements and test methods

EN 45544-2:2015, Workplace atmospheres - Electrical apparatus used for the direct detection and direct
concentration measurement of toxic gases and vapours - Part 2: Performance requirements for apparatus
used for exposure measurement

EN 45544-3:2015, Workplace atmospheres - Electrical apparatus used for the direct detection and direct
concentration measurement of toxic gases and vapours - Part 3: Performance requirements for apparatus
used for general gas detection
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31
toxic gas
general term for any gas or vapour that can be harmful to human health

Note 1 to entry: The term “gas” is used for both gases and vapours

3.2
interfering gases
any gas other than the gas to be detected, including water vapour, which affects the indication

3.3
clean air or zero gas
air free of gases to which the sensor is sensitive, or which influences the performance of the sensor

3.4
standard test gas
test gas with a composition specified for each apparatus and gas to be tested

3.5

volume fraction (v/v)

quotient of the volume of a specified component and the sum of the volumes of all components of a gas
mixture before mixing

3.6

limit value

occupational exposure limit of the time-weighted average of the concentration of a chemical agent in the air
within the breathing zone of a worker in relation to a specified reference period

[SOURCE: Council Directive 98/24/EC Art. 2(d) [1]]

Note 1 to entry: Limit values are mostly set for reference periods of 8 h, but can also be set for shorter periods or
concentration excursions, e.g. short-term exposure limit (STEL). Limit values for gases and vapours are stated in terms
independent of temperature and air pressure variables in ml/m®, and in terms dependent on those variables in mg/m3 fora
temperature of 20 °C and a pressure of 101,3 kPa.

3.7
exposure (by inhalation)
situation in which a chemical agent is present in air that is inhaled by a person

3.8
time weighted average (TWA) concentration
concentration of gas in air integrated over time and divided by the specified reference period

3.9
fixed apparatus
apparatus intended to have all parts permanently installed

3.10

transportable apparatus
apparatus not intended to be a portable apparatus, but which can readily be moved from one place to another
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3.1
portable apparatus
apparatus that has been designed to be readily carried from place to place and to be used while being carried

Note 1 to entry: Portable apparatus is generally battery powered.

3.12

personal apparatus

portable apparatus attached to a person that monitors the atmosphere in their breathing zone so that their
exposure to toxic gases can be determined

Note 1 to entry: Also known as a personal monitor.

3.13
aspirated apparatus
apparatus that samples the atmosphere by drawing it to the sensor

EXAMPLE A hand operated or electric pump can draw gas to the sensor.

3.14

alarm-only apparatus

apparatus having an alarm but not having a display or other device to indicate the measured gas
concentration

3.15
sensing element
part of the sensor that is sensitive to the gas/vapour to be measured

3.16
sensor
assembly in which the sensing element is housed and which can contain associated circuit components

3.17
remote sensor
sensor that is not an integral part of the apparatus

Note 1 to entry: A remote sensor is connected to a control unit or to a gas detection transmitter.

3.18

gas detection transmitter

fixed gas detection apparatus that provides a conditioned electronic signal or output indication to a generally
accepted industry standard, intended to be utilized with separate control units, or signal processing data
acquisition, central monitoring and similar systems which typically process information from various locations
and sources including, but not limited to, gas detection apparatus

EXAMPLE An example of a generally accepted industry standard for an electronic signal or output indication is 4 mA -
20 mA.

3.19

control unit

apparatus intended to provide display indication, alarm functions, output contacts and/or alarm signal outputs
when operated with remote sensor(s) and/or gas detection transmitter(s)

3.20

alarm set point

setting of the apparatus at which the measured concentration will cause the apparatus to initiate an indication,
alarm or other output function
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3.21

fault signal

audible, visible or other type of output, different from the alarm signal that permits, directly or indirectly, a
warning or indication that the apparatus is not working satisfactorily

3.22
sample line
means by which the gas being sampled is conveyed to the sensor including accessories

EXAMPLE Examples of accessories: filter, water trap.

3.23
sampling probe
separate sample line that is attached to the apparatus as required

Note 1 to entry: It can be supplied with or without the apparatus. It is usually short (e.g. of the order of 1 m) and rigid,
although it can be telescopic. It can also be connected by a flexible tube to the apparatus.

3.24
field calibration kit
means of calibrating or adjusting the apparatus

EXAMPLE This can be a calibration mask.

Note 1 to entry: The field calibration kit can also be used for verifying the operation of the apparatus.
3.25

zero indication

indication given by an apparatus when exposed to zero gas in normal operating conditions
3.26

indication range

range of measured values of gas concentration over which the apparatus is capable of indicating
Note 1 to entry: See Figure 2.

3.27

zero scale indication

smallest value of the measured quantity within the indication range

Note 1 to entry: This is typically zero.

Note 2 to entry: See Figure 2.

3.28

full scale indication

largest value of the measured quantity within the indication range

Note 1 to entry: See Figure 2.
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3.29

measuring range

range of measured values of gas concentration over which the accuracy of the apparatus lies within specified
limits

Note 1 to entry: For apparatus conforming to EN 45544-2, the requirements for expanded uncertainty in
EN 482:2012+A1:2015, Table 1, are met. For apparatus conforming to EN 45544-3, the requirements for accuracy in
EN 45544-3 are met. The measuring range is a subset of the indication range.

Note 2 to entry: See Figure 2.

3.30
lower limit of measurement
smallest value of the measured quantity within the measuring range

Note 1 to entry: Indications below the lower limit of measurement will not necessarily meet the uncertainty requirements
of this European Standard.

Note 2 to entry: See Figure 2.

3.31
upper limit of measurement
largest value of the measured quantity within the measuring range

Note 1 to entry: Indications above the upper limit of measurement will not necessarily meet the uncertainty requirements
of this European Standard.

Note 2 to entry: See Figure 2.

3.32

expanded uncertainty

quantity defining an interval around a result of a measurement, expected to encompass a large fraction of the
distribution of values that could reasonably be attributed to the measurand

3.33

zero uncertainty

quantity defining an interval about the zero that might be expected to encompass a large fraction of the
distribution of values that could reasonably be attributed to the measurement in clean air

Note 1 to entry: In Figure 3, the mean value of the measured values in clean air is not equal to the zero scale indication
to illustrate that there can be an offset due to drift. The mean value can be above or below the zero scale indication.

3.34
selectivity
degree of independence from interfering gases

3.35
averaging time
period of time for which the measuring procedure yields an averaged value

3.36

drift

variation in the apparatus indication with time at any fixed gas volume fraction under constant environmental
conditions
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3.37

time of recovery (t4)

time interval, with the apparatus in a warmed-up condition, between the time when an instantaneous decrease
in volume fraction is produced at the apparatus inlet and the time when the response reaches a stated
indication of x % of the initial indication

Note 1 to entry: For alarm-only apparatus, the stated indication can be represented by the de-activation of the alarm set
at a stated value.

3.38

time of response (t,)

time interval, with the apparatus in a warmed-up condition between the time when an instantaneous increase
in volume fraction is produced at the apparatus inlet and the time when the response reaches a stated
indication of x % of the final indication

Note 1 to entry:  For alarm-only apparatus, the stated indication can be represented by the activation of the alarm set at a
stated value.

3.39

warm-up time

time interval, with the apparatus in a stated atmosphere, between the time when the apparatus is switched on
and the time when the indication reaches and remains within the stated tolerances

Note 1 to entry: See Figure 1.

Indication
A
Power on o
.Puv;rer ﬂ'ff_ e lower limit of measurement
in clean air

0t-—————F—————————- P — ———-

i

zero variation

= time

—-—— warm up time ——

Figure 1 — Example of warm-up time in clean air
3.40

calibration
procedure that establishes the relationship between a measured value and the volume fraction of a test gas
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3.4
adjustment
procedure carried out to minimize the deviation of the measured value from the test gas volume fraction

Note 1 to entry: When the apparatus is adjusted to give an indication of zero in clean air, the procedure is called ’zero
adjustment’.

3.42

special state

all states of the apparatus other than those in which monitoring of gas concentration and/or alarming takes
place, for example warm-up, calibration mode or fault condition

4 Properties and detection of toxic gases and vapours

4.1 Properties and detection

In Clause 4, a distinction is drawn between gases, which remain gaseous at typical ambient pressures and
temperatures, and vapours where liquid can also exist at any relevant pressure or temperature.

Toxic gases typically become harmful at low concentrations (limit values typically range from ppb to 1 % v/v
levels). At distances far from the source of toxic gas release, the relative density of such a gas mixture is not
significantly different from that of air. However, close to the source, the relative density can be significantly
different.

Gases and mixtures with relative densities between 0,8 and 1,2 should generally be considered to behave like
air and are therefore capable of propagating in all directions.

High pressure leaks can generate gas clouds that propagate over significant distances from the source before
mixing. This can occur for sources where the gas can be of any density.

Spillage of liquids can result in toxic vapour clouds that can disperse over long distances and accumulate in
trenches, drains, tunnels etc. This is a result of liquid and vapour flow under gravity, cooling due to
evaporation, and densities greater than air. The vapour cloud tends to stay close to the ground until well
mixed with air. Nevertheless, concentrations in the breathing zone can approach harmful levels.

Gases and vapours fully mix with each other by diffusion over time or if stirred, e.g. by convection or
mechanical ventilation. Once they have been mixed, they will remain mixed, unless a component is removed
chemically or is absorbed, for instance on a charcoal filter. Additionally, in the case of vapours, the
concentration can be lowered by condensation due to increased pressure or reduced temperature. Some
gases can react chemically with each other on mixing, e.g. nitric oxide and oxygen.

Air movement by convection, mechanical ventilation or wind can have a marked effect on gas distribution.
A heat source in an enclosed space, for example, can create a circular flow where the heated gas rises, runs
along the ceiling and falls as it cools, then runs along the floor back to the heat source.

Flow patterns can become very complicated and voids may well exist in which the gas may accumulate.
Consequently, each workplace scenario could be different. The use of smoke tubes, mathematical modelling
or scale models placed in wind tunnels may help to optimize the location of fixed detectors.

Small environmental changes can modify the composition of the atmosphere significantly. For example, where

a liquid is present, the rate of evaporation of vapour will increase with temperature, which will significantly
increase the toxic vapour concentration. Also, a decrease in pressure will increase toxic vapour concentration.
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Some gases tend to stick (sorb) on surfaces, which leads to a decrease of their concentration in air. This
behaviour can be significant, especially with low gas concentrations and for reactive gases. Sorbed gases can
desorb and produce a response even when there is no gas present in the monitored air. The
sorption/desorption properties of each gas should be considered before the measurement task is undertaken.
This is particularly important where sampling probes or sample lines are used to convey the gas to the
apparatus. The gas flow rate, temperature, length, diameter and material from which the probe or line is made
are important factors.

Hygroscopic gases can form aerosols, which could be hazardous. A detector, which is only capable of
measuring gas phase concentrations, will underestimate the true hazard.

These properties of gases should be taken into account, in particular when locating detectors or deciding on a
sampling strategy, in order to obtain representative indications. Failure to take proper consideration of these
gas properties may lead to failure to alarm and failure to take appropriate action or false alarms and incorrect
action. It may also lead to false estimates of exposure.

4.2 Effects of water vapour on detection

Water vapour can cause problems for cold apparatus and sampling equipment that is suddenly exposed to a
hotter and humid atmosphere. Examples of this situation are leaving a cold store and entering a normal
atmosphere, or leaving an air-conditioned environment and entering a humid atmosphere. A fall in
temperature or increase in pressure can also cause condensation of water vapour on the sensor inlet or
sample line.

Water can condense in or on a sensor or sampling equipment causing a temporary loss of sensitivity or other
effect (e.g. increase in response time), until the apparatus warms up and the water evaporates. For example,
a film of water condensed onto the cold sensor membrane of an electrochemical sensor may cause temporary
inhibition of the measurement. The sensitivity may then recover slowly until the sensor reaches ambient
temperature and the film evaporates. During this period, the performance of the apparatus may be impaired
and the apparatus may not be able to give an alarm when the gas concentration exceeds the alarm set point.

Sudden changes in humidity, either increasing or decreasing, may cause transient deviations in the indication
of an apparatus.

The indication of an apparatus depends on the humidity for most measuring principles. Any effect on the zero
indication or sensitivity to the toxic gas may depend on various factors, particularly the measurement gas,
type of sensor and exposure period to the humidity level.

4.3 Detection by oxygen deficiency measurement

Oxygen deficiency measurement should never be used to detect toxic gases. The reduction in oxygen
concentration by harmful levels of toxic gases is negligible when compared to other effects on oxygen
measurement, e.g. variation of ambient temperature.

An oxygen deficient atmosphere can, for example, be created by several different sources of carbon dioxide.
Such sources can be leakage causing displacement of the air, combustion consuming oxygen or aerobic
bacterial or chemical action. These all result in different reductions in oxygen concentrations for a given
carbon dioxide concentration. The limit value for carbon dioxide is 0,5 % (v/v) which corresponds to a
reduction of the oxygen concentration of only 0,1 % (v/v) when the air is displaced by carbon dioxide, which is
less than the variation caused by other effects on oxygen measurement, e.g. temperature or humidity
changes.
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5 Measurement tasks

5.1 General

There are an extensive number of workplace conditions where a wide range of toxic gases may be present.
An individual process can involve a number of different conditions and job functions, each of which can result
in different exposure conditions. Distance from an emission source and physical parameters (release rate,
environmental conditions, ventilation) can also have a significant influence on exposure. Rapid fluctuations in
concentration or large variations over small distances are common place, therefore the location, timing and
duration of measurement are of great importance.

Many types of electrical apparatus are fitted with visual and audible alarms to warn the user of high
concentrations of toxic gases. Workplace conditions vary and there are also widely differing light and noise
levels in the working environment. It is important to check that the alarm indicators can be seen and/or heard
in the actual conditions.

The apparatus will only give a reading for the location where the sensor is positioned or the sampling point if a
sampling system is used. A toxic gas atmosphere can build up a few metres from the sampling point.
Measurements shall be therefore be carried out all around the intended area of work to minimize risk of
exposure.

The readings are only valid for the time they are taken as circumstances can change. Frequent readings are
recommended.

A sensor for a specific toxic gas will in general not be able to detect other toxic gases with a specified
accuracy. Suitable apparatus should be used for all toxic gases that could be present.

Two basic measurement tasks can be identified where direct-reading apparatus is used:
— general gas detection, e.g. safety warning, leak detection;

— exposure measurement according to EN 482.

5.2 General gas detection
General gas detection includes but is not limited to the following measurement tasks:

— providing visual and audible alarms to warn personnel of potentially harmful toxic gas concentrations
(such alarms may be derived from instantaneous or time weighted average measured values);

— area monitoring to provide continuous information on the concentration of toxic substances over a site;
— measurements to monitor the effectiveness of protection systems, e.g. extraction systems;

— spot reading measurements, e.g. to obtain a gas free work permit;

— leak detection in industrial and commercial environments.

Toxic gas detection apparatus may also provide alarm output signals that may be used to initiate subsequent
actions such as operation of a ventilation system, shutdown of processes or safe evacuation of the premises.

The following actions should be taken for a gas-free work permit:

a) the gas detector should be checked with clean air and a known concentration of the toxic gas just prior to
use in conjunction with a gas free permit;
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