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GAS MEASUREMENT
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AGENDA
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¡ What is an enclosed space?

¡ SOLAS regulation

¡ Fundamentals of hazardous substances as gases and vapours;

¡ properties and modes of action

¡ Introduction to measurement technology

¡ Ventilation

¡ Safety Precautions



WHAT IS AN ENCLOSED SPACE?
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¡ Enclosed spaces are spaces that have limited openings for entry and exit, 

¡ inadequate ventilation and 

¡ are not designed for continuous worker occupancy.



SOLAS REGULATION XI-1/7
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¡ These Guidelines refer to the instrument that is used to test the atmosphere in an enclosed space before entry and 
at appropriate intervals thereafter until all work is completed.

¡ The instrument should be capable of remote sampling and detection for all gases that it is designed for.

¡ Upon activation, the instrument should perform a "self-test" which indicates that the instrument is functioning 
correctly.

¡ Training requirements should be considered when selecting the instrument. Any atmosphere testing should be 
performed by trained personnel.

¡ The instrument should be capable of measuring and displaying concentrations of:

¡ Oxygen (O2)

¡ Flammable gases or vapours (CH4)

¡ Carbon Monoxide (CO)

¡ Hydrogen Sulphide (H2S)



FUNDAMENTALS OF HAZARDOUS SUBSTANCES AS GASES&VAPOURS
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¡ GASES

¡ Matter at a temperature above its boiling point is referred to as a gas. In terms of the normal human 
environment, this means that all those substances whose boiling points at normal atmospheric 
pressure are below 20°C are gases.

¡ VAPOURS – aren’t they gases, too?

¡ Unlike gas the word vapor is used to describe the gaseous state of a material below its boiling point. 

¡ Vapor is always in equilibrium with its fluid (and sometimes solid) phase

¡ It condenses and vaporizes according to the temperature.



GASES IN COMPARISON
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¡ O2 weighs 29 g/mol

¡ Gas mixtures in inerted tanks might bring other results

¡ Lighter then O2:

¡ CH4 16 g/mol

¡ CO 28 g/mol

¡ Heavier then O2:

¡ H2S 34 g/mol

¡ CO2 44 g/mol



DANGERS
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¡ 1ppm = 0,0001 Vol %

¡ CH4: extremely flammable gas

¡ H2S: foul odour, toxic, extremely flammable gas

¡ odour threshold: 0,02ppm. Above 250 ppm not smellable anymore!

¡ CO: odourless, toxic

¡ Toxic: up to 800 ppm

¡ Very Toxic: more then 800 ppm 



DANGERS
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¡ 1ppm = 0,0001 Vol %

¡ N2: odorless, inert

¡ 100% N2 will displace CO2 and O2 completely and, in the absence of a CO2 signal to the brain, the stimulus to breathe no longer exists.

¡ 100% N2 will be fatal.

¡ Check Miracle Safety Section for additional information (GUIDELINES ON TANK ENTRY FOR TANKERS USING NITROGEN AS AN INERTING MEDIUM 
MSC.1/Circ.1401 9 June 2011)

¡ O2:

¡ Above 21 Vol %: possibility of lung damage with seizures

¡ Below 19 Vol %: reduced response time

¡ Below 8 Vol %: death within minutes.



HISTORY

The canary:

• The miners used this when there were no technical measuring devices to protect 
themselves from life-threatening carbon monoxide concentrations in the air. The miners 
carried the canaries with them in small cages in the tunnels.

• If the birds stopped singing and fell dead from the pole within two to three minutes, the 
workers had just enough time to get to safety. Compared to other animals, canaries are 
particularly sensitive to the smallest concentrations of CO and were therefore especially 
well suited as early warning devices.
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TODAY

• Nowadays, companies like Draeger, BW or RKI produce gas detection units. 

• The units differ between one gas detectors up to multi gas detectors, depending what the
customer needs.

• Different sensors for different gases.
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INTRODUCTION TO MEASUREMENT TECHNOLOGY
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¡ Selecting the proper measurement method

¡ Risk of explosion 
¡ Wherever flammable gases and vapours occur, there is an increased risk of explosion. Catalytic bead sensors are normally used to 

detect this type of risk. These sensors usually detect gas concentrations in the LEL (lower explosure level) range, but some of them 
can also be used for the 100 Vol.-% range. 

¡ Lack or excess of oxygen 
¡ A lack of oxygen is life-threatening. An excess of oxygen can affect the flammability of materials and can even cause auto-ignition. 

Electrochemical sensors are used to measure oxygen. Their measuring range is from between 0 and 25 Vol.-% all the way up to 100 
Vol.-%. 

¡ Toxicity 
¡ Poisonous substances can occur anywhere in the case of incomplete combustion (CO), and also as a result of completely naturally 

processes such as rotting and decomposition of biomass. Electrochemical and PID sensors are used to detect toxic gases



INTRODUCTION TO MEASUREMENT TECHNOLOGY
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¡ Gasfree readings:

¡ O2: 20,9%

¡ CO: 0 ppm

¡ CH4: 0 LEL

¡ H2S: 0 ppm



CATALYTIC BEAD 
SENSORS

• The catalytic pellistor as used in the sensor works by burning the target gas; 

• the heat generated producing a change in the resistance of the detecting element of the 
sensor proportional to the gas concentration. 

• This change in resistance can then be evaluated electronically. 

• The thermal conduction signal can be used to determine the gas concentration of 
methane between 0 and 100 Vol.-% (LEL)

• Waiting time: approx. 5min
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IR-SENSORS

• The measurement of explosive gases and vapours in environments with hydrogen 
sulphide and silicones as well as in inert atmospheres do not affect the high 
measurement performance of this sensor.. 

• For your different measuring tasks, both for the range of the lower explosion limit and for 
measurements up to 100 vol.%, you can use the infrared Ex sensors.

• Waiting time: approx. 3min
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ELECTROCHEMICAL 
SENSORS

• An electrochemical sensor is a micro-reactor, which produces a very small but measurable 
current when reactive gases are present. 

• A dual-electrode sensor (measuring and counter electrode only) does, however, have many 
drawbacks. For instance, if high concentrations of gas occur, this leads to higher currents 
in the sensor and, therefore, to a drop in voltage. The drop in voltage, in turn, changes the 
preset sensor voltage. This can lead to unusable readings.

• Wide range of gases: O2, H2, CO, H2S, CL2,

• Waiting time: approx. 10min
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PID SENSORS

• Many flammable gases and vapors are toxic to humans long before they reach the lower 
explosion limit (LEL). Personal protection in the workplace ideally includes the additional 
measurement of ppm levels of volatile organic substances using a PID sensor.

• Most of the organic substances recognized as dangerous are ionized and subjected to the 
electrical field between the electrodes in the measuring chamber. 

• Isobutylene is used to calibrate a PID. The relative sensitivity to other substances is then 
expressed in terms of response factors. (check Manual)

• Waiting time: approx. 5min
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TUBES
¡ Tubes represent one of the classic forms 

of gas analysis.

¡ Dräger-Tubes provide results immediately 
after measurement. 

¡ There is also no need for calibration by 
the user – the calibration is shown in the 
form of a scale printed on the tube

¡ They are the predecessor of the PID 
Sensor.
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VENTILATION
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SAFETY PRECAUTIONS ¡ Follow strictly your company policy.

¡ Risk assessment and toolbox meetings.

¡ Valid Enclosed Space Entry Permit.

¡ Be aware how long a minimum ventilation time is required.

¡ Selftest / Bumptest of gas measurement equipment.

¡ The parties involved, particularly the safety persons/lookout, must be instructed 
in the use of the rescue equipment. The measures required for rescue of persons 
in distress must be drilled in a practical manner at regular intervals.

¡ Since rescue must usually be performed swiftly, the equipment must be kept 
ready at all times where it will be needed. Maintaining rescue equipment ready at 
a central point.

¡ Make sure you have a Rescue Team established…First responder.

¡ If the confined space is difficult to enter/exit, an EEBD shall be taken inside.
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THAT'S IT

¡ Thank you!

¡ I hope you had a good time and learned something new today.
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