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hecking air quality in the workplace for toxic

and combustible gases has been done since

at least the beginning of the Industrial Revo-
lution and perhaps even earlier. “High-tech” monitor-
ing once consisted of coal miners carrying caged ca-
naries into the mines and observing their well being.
If the sensitive birds seemed healthy, this was taken as
a general indication of safe air quality. Fortunately for
today’s workers and the public at large, not to men-
tion the canaries, today’s monitoring devices are much
more sophisticated.

The use of modern gas monitoring instruments
has taken great strides since about 1970 when the
Occupational Safety and Health Act (OSHA) came
into existence in the United States and the concept of
workplace environmental safety became a well-ac-
cepted idea around the world. The advent of the semi-
conductor and the integrated circuit further boosted
the sophistication of monitoring instruments. How-
ever, the extreme complexity of modern day applica-
tions, which often involve large numbers of chemi-
cals with radically different characteristics, makes it
impossible for a single gas-sensing instrument to ac-
complish all the necessary tasks. In any given applica-
tion, the user must be familiar with not only the types
of instruments available that best suit the application,
but also how to implement these instruments for maxi-
mum efficiency after the purchase, and how to test
and maintain them over the years. This calls for a high



Hazardous Gas Monitors

degree of knowledge and experience, because there
is frequently no consensus in the industry about which
instruments to use in a given environment or how to
deploy them.

The purpose of this book is to make the complex
subject of gas detection as simple and practical as pos-
sible in order to aid those people who are involved in
area air quality applications. This illustrated guide will
help plant engineers, systems designers, safety and
environmental health directors, industrial hygienists,
technicians, and instrument vendors in petrochemi-
cal, semiconductor chemical, healthcare and related
industries quickly grasp the basics of gas monitoring
and determine the right instruments for the job. Non-
specialists in particular will benefit from the scores of
technical definitions and health and fire safety terms,
as well as explanations of the toxicity and combusti-
bility of gases and how to monitor them.

Readers from all backgrounds and levels of knowl-
edge will benefit from the detailed, feature-by-feature
look at all the major sensors used for gas monitoring,
plus a bird’s eye view of ten additional analyzer tech-
nologies that are lesser known but still widely used.

Since 1972, when I founded International Sensor
Technology, now a leading company in the field, I've
been actively engaged in every aspect of gas monitor-
ing. Throughout these 27 years I have been fortunate
to have gained priceless experience by providing so-
lutions for thousands of industrial applications includ-
ing instruments used in the United States Space
Shuttle program, highway tunnels, petrochemical fa-
cilities, food processing, agriculture, and the medical
industry, just to name a few. This invaluable practical
knowledge, including information learned during
research, development, and design of new equipment,
has been condensed into this book.

To make this review of gas monitoring devices and
technology as visually appealing and as pleasant to read
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as possible, the pages are generously laid out, with
color illustrations and color photographs throughout
the book. I feel it is important to make the book clear
and exciting, so that your understanding of this mate-
rial is enhanced and you get more value out of your
reading. To me, the field is a fascinating discipline, in
addition to being critical to the health and safety of
workers everywhere. I hope this illustrated presenta-
tion will convey my interest and make you into a more
knowledgeable professional.

Chapter One presents an overview of gas monitor-
ing terminology and definitions of key terms, along
with the basic principles of toxic and combustible gas
monitoring. Although many people in industry are
familiar with these subjects, I suspect that few under-
stand them in any real depth. Enough information is
presented in this chapter to understand both the range
of a sensor and the type of enclosure needed for an
application.

Chapters Two through Six present specific, point-by-
point information on the sensors most commonly used
for gas monitoring applications, including each
sensor’s principle of operation, characteristics, and
most common applications. The technologies include
electrochemical, catalytic combustible, solid state, in-
frared, and photoionization types. You will be able to
evaluate the pros and cons of each sensor to aid you
in determining the best type to use for a given appli-
cation. Chapter Seven reviews ten additional analyzer
technologies, their operating principles, and main
applications in the field.

Chapter Eight summarizes the preceding informa-
tion about the various sensors and organizes it into a
convenient checklist and “shopping guide” covering
key issues to consider when choosing sensors — in-
cluding the different requirements of toxic vs. com-
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bustible gases. Chapter Nine presents installation, con-
figuration, and maintenance highlights, including
electrical terminology commonly used in the field. The
simple explanations of the electrical circuits will help
many users to better understand the operating manu-
als that accompany most instruments.

The sampling system and sensor calibration infor-
mation provided in Chapters Ten and Eleven is based on
my own practical experience, including some origi-
nal calibration techniques, and provides critical in-
structions essential to safety and accuracy in the op-
eration of any gas monitoring system. Chapter Twelve
reviews the chemistry and environmental activity of
the most common hazardous gases.

An especially useful section of the book for many
will be the three appendices. Here, you’ll find practi-
cal, daily reference data on individual gases difficult
to find elsewhere.

Photoionization detectors are capable of detect-
ing many gases, but must be calibrated. Appendix 1
provides a color-coded list of PID correction factors
for 253 gases to aid the user in obtaining the proper
readings, using the three most widely used lamps (9.8,
10.8 and 11.7¢V). The chart is courtesy of RAE Sys-
tems, Inc.

Appendix II gives critical exposure limits and ex-
plosive limits for 384 hazardous gases, along with use-
ful physical and chemical data for each gas. Again,
the information is presented in color-coded columns
for easy reading.

Many gases have not only a chemical name but
also a common and even a separate trade name. Ap-
pendix III lists the chemical name along with com-
monly known alternative names and synonyms for 384
gases to aid in correct identification. Knowing which
gas is which, even though the names may be differ-
ent, is essential to your own safety and that of others.
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Chapter 1

he detection of hazardous gases has always been

a complex subject and makes choosing an appro-

priate gas monitoring instrument a difficult task.
To address this problem, this book aims to provide
the following essential tools:

¢ A simple guide to the various sensor technolo-
gies available

* Information to help you intelligently select the
proper instruments for specific applications

* Information engineers can use to design a com-
plete monitoring system

¢ Technical data and practical procedures that
technicians can use to check and maintain a gas
monitoring system

The main emphasis of the book is on gas detec-
tion technology that is used in the field of area air
quality and safety. This field primarily involves the
protection of personnel and property against toxic
and combustible gases. The discussion includes the
types of sensors used, the various instruments avail-
able, and the applications that incorporate these in-
struments.
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An Analytical Instrument. The
example shown above automates
gas chromatography with the help
of its built-in robotic technology.
(Courtesy of CE Instruments)

A Gas Monitor. IST’s MP-204
is a wall-mounted unit housed
in weatherproof enclosure with
four sensor channels.

Analytical Instruments and Monitoring Systems

To date, no gas sensors exist that are 100% selec-
tive to a single gas. Achieving such selectivity requires
the use of instruments that employ analytical tech-
niques to identify gases.

Examples of such instruments include Fourier trans-
form infrared (FTIR) instruments that use the infrared
spectral characteristics of gases, gas chromatographs that
use analytical columns, and mass spectrometers that iden-
tify molecules through characteristic variable deflec-
tions from a magnetic field.

These instruments provide fairly accurate and se-
lective gas readings. Some typical applications for
these kinds of instruments include airport bomb
detection, drug abuse screening, and analyzing air
pollutants. However, these analytical instruments re-
quire skilled and knowledgeable operators, and are
generally very expensive and designed for laboratory
tabletops or specific on-line applications for in-plant
installations.

In addition, many suffer from limitations such as
high maintenance, slow response time, and large size,
making them impractical monitors for area air qual-
ity and safety. Thus, they are typically used only as a
last resort for applications in which a suitable sensor
is not available.

For work area air quality and safety applications,
monitoring systems must meet a number of practical
criteria. These monitoring systems must be:

¢ rugged and corrosion-resistant

e weather- and dust-proof

e capable of being installed in hazardous areas
e durable and long-term

¢ operationally stable

® easy to maintain

 operated by a minimally skilled person



