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FOREWORD

This manual is designed primarily as a text to be used in the teaching of basic rescue procedures
to be used following accidents at surface and underground mining operations. It will also serve as a
guide to good practices at any time when people are in a physically dangerous situation and must be
moved to a safe place.

Mine rescue work is demanding and at times dangerous. Mine rescue teams are highly trained
and skilled personnel. They must have an intimate knowledge of their equipment and master all the
skills required to accomplish their rescue missions, although they may never be required to put their
training to use. In fact, only a small percentage of miners who have received mine rescue training will
ever be called upon for actual rescue work. Nevertheless, if the need should arise, rescue teams will
be ready to go to the aid of their fellow workers.

It is also most important that mine officials receive periodic instruction and training in the duties
they will be required to perform, both individually and collectively, in the event of a mine disaster at
their operation.

The mining laws of British Columbia require that trained mine rescue personnel and mine rescue
equipment be maintained at all mines. To this end, basic mine rescue training courses are conducted
at mining properties so that miners will have an opportunity to learn the skills required of the mine
rescue team. Once the basic skills are learned, many hours of training and practice are needed to
develop a competent mine rescue team that can work together and, with other teams, accomplish
rescue objectives in the event of a mine disaster.

On several recent occasions British Columbia mine rescue teams have been called upon to assist
in disasters both in the province and in other areas. It is a tribute to the skill, training and courage of
these men that they have always done their job in an exemplary way which has brought praise and
recognition for their efforts.

The Mine Rescue Certificate and the “MINE RESCUE”’ sticker on your hard hat are things to be
proud of as they tell the world that you are concerned and that you really care about your fellow
workers. You care to the extent that you have been willing to devote many hours of study and practice
to learn the skills required of a mine rescue team.

Ralph W. McGinn,

Chief Inspector of Mines,
Ministry of Energy, Mines and
Petroleum Resources.

Plate 0-1. Provincial mine rescue station.
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CHAPTER 1

INTRODUCTION

This manual is designed to provide basic training in the
rescue procedures to be followed in the event of an accident at
a surface or underground mining operation. The mining laws
of British Columbia require that trained, properly equipped
mine rescue teams be maintained at all mining operations,
both surface and underground. To this end, the province
provides basic mine rescue training courses at mining proper-
ties so that miners will have an opportunity to learn the skills
demanded of a mine rescue team.

FUNDAMENTAL PRINCIPRLES OF MINE
RESCUE TRAINING

The fundamental principles of mine rescue training are, in
order of importance:

® Ensuring the safety of the rescue team.

® Endeavouring to rescue or ensuring the safety of trapped
or injured workers.

® Protection of the mine property from further damage.

® Rehabilitation of the affected work area and salvage of
equipment.

Through training, mine rescue teams will become familiar

with:

® Mine rescue equipment.

® Mining equipment that may be useful in an emergency
(cranes, loaders, scooptrams, etc.).

® Hazards involved in mine rescue work (toxic and flam-
mable gases, electricity, rock-falls, etc.).

Although mine disasters are a rare occurrence, and many
trained mine rescue workers will never be called upon to
exercise their skills, every year there are several dangerous or
unusual incidents in British Columbia mines, many of which
require the assistance of trained mine rescue personnel. The
most commonly reported dangerous occurrences involve
fire, machinery or electrical equipment.

REQUIREMENTS FOR MINE RESCUE
TRAINING

Mine rescue work is physically and mentally demanding,
and at times dangerous. Members of mine rescue teams must
not only have an intimate knowledge of their equipment but
must also be physically sound and fit to perform strenuous
work while wearing breathing apparatus, and have good
judgement and a cool, calm temperament. They should be
selected carefully and must receive thorough training and
instruction in rescue and recovery procedures, and the use
and care of breathing apparatus. Frequent additional training
and instruction should be given in an irrespirable atmos-
phere, to ensure that both crew and equipment are in condi-
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tion to meet an emergency. Training exercises involving a
recovery problem should be conducted occasionally. Many
hours of training and practice are needed to develop a
competent mine rescue team that can work effectively with
other teams to accomplish rescue objectives in the event of a
mine disaster.

It is also most important that mine officials receive
periodic instruction and training in the duties they must
perform, both individually and collectively, should a fire,
explosion or other disaster occur at their mine. They must be
informed where tools, equipment and materials can be
obtained quickly, both on the mine and from outside sources.
All supervisory staff should be instructed that, in the absence
of higher authority, they must take charge, act on matters
requiring immediate attention, and notify all persons
required to assist at a disaster, particularly the District Mine
Inspector having charge of the district in which the mine is
located, the mine rescue team, and any other help that may be
available.

MINIMUM QUALIFICATIONS

Candidates for mine rescue training must meet the follow-
ing minimum requirements:

® Minimum age of 18 years.

® Speak, read and write English.

® Be in good physical and mental condition (see Medical
Requirements below).

® Be familiar with mining conditions, practices, hazards
and equipment.

® Have no perforated eardrums (tympanic membrane).

® Hold a valid St. John’s Ambulance Standard First Aid
Certificate or its equivalent.

® Hold a Survival Mine Rescue Certificate (if employed
in underground mining).

® Have facial hair shaved to the point it does not interfere
with the seal on breathing apparatus.

Whether a candidate for undergound mine rescue, surface
mine rescue or first aid training, the applicant must be
mentally and physically capable and prepared to render
assistance whenever called upon to do so.

MEDICAL REQUIREMENTS

Candidates for mine rescue training must pass a physical
and medical examination (see Ministry of Energy, Mines and
Petroleum Resources Medical Examination for Mine Rescue
Training; Appendix 1-1), or produce a current Certificate of
Fitness as prescribed by the British Columbia Workers’
Compensation Board (see Forms 12 and 13, Appendix 1-2).



MINE RESCUE CERTIFICATION

The Basic Underground or Surface Mine Rescue Certifi-
cate (Appendix 1-3) will be issued to candidates who suc-
cessfully complete the training course. If a candidate has
passed the written and oral examinations, but is unable to
qualify for the basic certificate due to inability to produce a
current medical certificate or Certificate of Fitness, or physi-
cal or psychological inability to complete the practical
requirements of the course, a ““theory only” seal (Appendix
1-4) will be attached to the certificate.

ACKNOWLEDGMENTS

This Mine Rescue Manual has evolved from the integra-
tion of revised editions of the General Underground Mine
Rescue Manual (B.C. Ministry of Energy, Mines and
Petroleum Resources, Paper 1977-2) and the Surface Mine
Rescue Manual (B.C. Ministry of Energy, Mines and
Petroleum Resources, Paper 1981-4).

The manual was compiled by R. Brow and T. Vaughan-
Thomas of the Engingering  and Inspection Branch of the
ministry, in cooperation with a steering committee drawn
from the coal and metal-mining industries in British Colum-
bia. The compilers gratefully acknowledge the contribution
made by members of the steering committee, specifically:

G.FE Allen  Crows Nest Resources Limited

W. Barker  Noranda Minerals Inc., Bell Copper
Operations

G. Becket  Cassiar Mining Corporation

M. Boisse =~ BHP-Utah International Inc.

B. Casement Bullmoose Operating Corporation
K. Dortman Afton Operating Corporation
D. Dunbar  Fording Coal Ltd.

14

L. Ewing Placer Dome Inc., Endako Mines
Division

B. Fabbro = Byron Creek Collieries

G. Harrison Westroc Industries Limited

b. Hopp Gibraltar Mines Ltd.

C. Isidoro  Equity Silver Mines Ltd.

R. Malmas Highland Valley Copper

J. Peters Westar Mining Ltd. (Balmer Operations)

E. Plessis Westar Mining Ltd. (Greenhills
Operations)

R. Ratz Westar Mining Ltd. (Balmer Operations)

The manual also draws heavily on a number of earlier
publications related to firefighting and rescue work, includ-
ing: The Handbook of Training in Mine Rescue and Recovery
Operations, Ontario Ministry of Labour; Mine Rescue Crisis
Response Manual, Yukon Territorial Government; Industrial
First Aid Manual, British Columbia Workers’ Compensation
Board, Edukits, Fire Service Academy, Justice Institute of
British Columbia; Electrical Safety for Policemen and Fire-
men, B.C. Hydro; and various publications of the National
Institute for Occupational Safety and Health (NIOSH). These
sources are gratefully acknowledged. Illustrations of mine
rescue and firefighting equipment are courtesy of Driger
Canada Ltd., Fleck Safety Ltd., M.S.A. Canada Ltd., Levitt
Safety Ltd., Safety Supply Canada Ltd., Rescue Systems
Supply Ltd. and Koehler Manufacturing Company.

Thanks are due to Debbie Bulinckx for typing the revisions
to the manuscript and to John Newell whose editing and
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CHAPTER 2

MINE RESCUE OPERATIONS

EMOTIONAL STRESS IN ACCIDENT
SITUATIONS

An accident may cause many different reactions from
individuals, all quite normal, but some sufficiently severe
that the victims will need help. Everyone involved will be
stunned and temporarily disoriented, but most will probably
adapt themselves quickly and respond positively to the
demands of the situation.

Frequently, victims will require more than rescue because
they may be so emotionally overwhehned that their reactions
become exaggerated and dangerous to themselves or others.
Family anxiety is natural and time given to needed support
may prevent persons from collapsing from shock, family
members from injuring themselves, or hysteria from spread-
ing to crowds.

Rescuers bring their own special reactions, values and
capabilities with them. They will always be affected by the
stressful situatiansunder which they work, but their reactions
must not affect their ability to perform effectively.

DECISION MAKING

Making the decisions required for a successful rescue
operation is the same as making the decisions in other areas of
your life. The problem is defined, an objective is set, facts
are gathered, the facts are analysed using knowledge and
experience, alternative solutions are considered, a course of
action is chosen and implemented, and the results are evalu-
ated. If the chosen solution turns out to be unsatisfactory,
another alternative is chosen to replace it.

The human mind, however, does not work in such a linear
way, which is why many decisions can be made quickly. The
reason the process is outlined here as a linear progression is to
remind the person that may find himself in charge of a rescue
operation that decisions at an emergency scene should not be
made too quickly, and the impulse to act immediately must be
tempered with reason. When rational thought is abandoned,
irrational decisions are likely to be made that will allow the
situation to get out of control.

The process of rational decision making at the scene of an
emergency can be summarized as:

® Identify the problem.

® Form an objective based on known information and
resources.

® Select one or more alternatives fram the available
options.

® Take appropriate action.

® Analyse results.
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PERSONAL SAFETY AND PROTECTIVE
CLOTHING

The environment in which mine rescue teams perform
their duties demands that they be provided with the best
personal protective equipment available. Injuries can be
reduced if crew members have adequate protective clothing
and breathing apparatus at their disposal and use them when
needed. The provision and use of quality protective equip-
ment will not, by themselves, assure individual safety. All
protective equipment has limitations that must be recognized
so that users will not overextend its range of protection.
Extensive training in the use and maintenance of protective
equipment is essential to assure that it will provide optimum
protection.

A variety of protective gear may be necessary to provide
the protectiou needed in the many different situations that
may be encountered by the rescue team. All members should
be aware of the type of equipment needed for different
situations and know where this equipment is readily available
(Figure 2-1).

Figure 2-1. Mine rescue personnel must be aware of the
degree of protection afforded by all protective equipment, and its
limitations.

HAND PROTECTION

The selection of hand protection should reflect the tasks
being performed. When initiating rescue work, consideration
should be given to the need for cut and abrasion-resistant
gloves, electrical hot gloves or chemical-resistant gloves.



FOOT PROTECTION

As rescue workers may be required to be on their feet for
long periods, boots should be well fitted, comfortable and
provide ankle support.

EYE PROTECTION

As for most other personal protective equipment, the
selection of eye-wear must reflect the task in hand and the
conditions at the scene of the accident. Adequate protective
eye-wear includes safety glasses (with side shields), goggles,
face shields and tinted glasses or shields.

OTHER PERSONAL PROTECTIVE EQUIPMENT

Every accident situation will present its own unique haz-
ards. Rescue workers should be aware of the hazards and be
familiar with the equipment or clothing, such as turnout gear,
hard hats or helmets, respiratory protection (breathing appa-
ratus), chainsaw chaps and other items that are available to
protect against them.

WORKPLACE HAZARDOUS MATERIALS
INFORMATION SYSTEMS (WHMIS)

Mine rescue workers must have access to the Material
Safety Data Sheet for all products used on their property and,
when evaluating an accident scene, must determine if there
are controlled produets present and whether or not they pose a
hazard to the injured or to rescue workers.

Use of the Material Safety Data Sheet will help determine
how to control a fire, protect workers and contain a spill or
leak.

THE MINE RESCUE TEAM

In British Columbia, a full mine rescue team consists of six
people. Each musi hold a valid mine rescue certificate, be imr
good physical condition with a current Certificate of Fitness
and should have had recent practice with rescue breathing
apparatus.

Six qualified paople do not, however, make a mine rescue
team unless they practise regularly and drill as a team. It is
only through regular practice together that they learn to work
effectively as a team and that each individual will develop the
confidence he must have in his fellow team members.

Working together is important in any team effort, but in
mine rescue work the life of every member of the team is
dependent on the actions of each of the others. If a basketball
or hockey team does not work well together they will proba-
bly lose a game, but if a mine rescue team does not work
together effectively then their very existence is at stake. The
importance of cooperation and teamwork by the members of
a mine rescue team cannot be overemphasized.

THE TEAM CAPTAIN

One member of the mine rescue team will be the team
captain and will direct the actions of the team at all times.

As the general safety and operation of the team and the
rescue work to be carried out are under the sopervision and
direction of the captain, the qualifications of a team captain
are very demanding.
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The team captain must have an excellent knowledge of
mine gases. He must know the physiological effects of the
gases, their explosive range and flammability, the relative
weight and sources of gases, how to test for them and how to
treat persons affected by them. Many of the decisions made
by a mine rescue captain during search imd rescue work are
dependent to a great extent upon the gaseous conditions in the
mine; unless he has an intimate knowledge of gases the
captain cannot make intelligent decisions.

One of the most important factors affecting the safety of
mine rescue personnel and workers trapped in mines is mine
ventilation. Although in actual disaster work the major
decisions with respect to firefighting and re-establishing
mine ventilation will be made by the disaster coordinator, the
mine rescue team captain must also have a good knowledge
of this subject.

The mine rescue team’s travel through the mine is affected
by the ventilation existing at the time and actions taken by the
team will affect ventilation. The team captain’s knowledge of
ventilation must be such that he can make correct on-site
decisions that do not endanger his team or others in the mine.

The teamn captain must know how to use the various
instruments required for measuring air flows and air pres-
sures in mine workings and he must be able to make basic
interpretations of such readings. He must know if he should
open a door or close it, what affects a seal on a fire will have
on air flows and what affect the fire will have if it is not
sealed. He must, in other words, have an excellent basic
understanding of the factors that affect air flows in mine
workings.

The mine rescue team captain must know how to fight
fires, how to erect mine timber and how to build fire
stoppings; he must be able to quickly assess hazards; he must
know how to treat injured men and how to transport them. He
must have a good practical knowledge of mining.

The team captain has others on his team, some of whom
may have more detailed knowledge of some subjects than he
has, but he must be able to make the decisions and direct the
work of the team.

The most important quality required of a mine rescue team
captain is ‘‘Leadership”’. He must have the confidence and
respect of his team members. He must be calm and cool
headed, and be able to think clearly under pressure. He must
be able to instill a strong feeling of team spirit. Each member
of a team must have the utmost confidence in the captain and
should follow orders explicitly.

The mine resene team captain is No. 1 man on the team and
must, first and foremost, be a competent leader. He is in
charge and directs all actions of the team.

THE VICE-CAPTAIN

The vice-captain of a mine rescue team is che No. 5 man.
In the eveni that something should happen to the captain, the
vice-captain must take control of the team and therefore must
have similar qualifications w those of the captaint

When a mine rescue team travels throngh a mine, it is led
by the captain and the vice-captain generally brings up the
rear. One of the vice-captain’s main functions while traveling
is to keep an eye on all members of the team and to warn the



captain should any member show signs of distress. The vice-
captain is a second pair of eyes for the captain and, in addition
to watching the team members, he will keep a sharp lookout
for any condition missed by the captain. He should keep in
mind that the captain has a heavy responsibility and that his
mind is occupied by many matters and he may not notice all
the details that the vice-captain is aware of. The captain
should be advised by his vice-captain if it appears that a
significant factor has been overlooked.

The actual distribution of jobs among team members may
vary from team to team, however, it is very common practice
to have the vice-captain assist the captain in gas and ventila-
tion tests. He also makes close checks of team members
during rests and does what he can to relieve the captain of
routine duties so that he can devote his efforts to the heavy
responsibility which he carries.

NUMBERS 2, 3 AND 4 TEAM MEMBERS

Various other duties are distributed among the other team
members. One member usually has special expertise in first
aid and will carry out most of the first aid work required.
Another may be assigned to fighting small fires and will have
extra training in the use of fire extinguishers. Someone will
probably be more competent in mine timbering work and
someone will have special electrical, mechanical, surveying
and mining knowledge.

As mine rescue teams are being assembied, consideration
must be given to the special skills that may be required and
team members should be chosen with these factors in mind.
These skills will vary from mine to mine.

The No. 2, No. 3 and No. 4 members have the various
skills that may be required of the team. They work under the
direction of the captain to accomplish the objectives of the
team.

The No. 6 member is the coordinator, the liaison person
between the team captain and the overall coordination centre.
He is stationed at the fresh-air base and must be in constant
communication with the captain and the surface control. He
is responsible for the operation of the base.

COMMUNICATION BY TEAM MEMBERS

All members of a mine rescue team must observe strict
discipline and must obey all directions given to them by the
team captain without question.

Mbst modern mine rescue breathing apparatus is equipped
with a speaking diaphragm which makes limited voice com-
munication possible between members of the team. Circum-
stances can arise i the mine when voice communication is
not possible and many team captains find that better disci-
pline is achieved if voice communication is kept to a mini-
mum at all times. In order to assure that good communication
is always possible, a standard set of horn, bell or whistle
signals has been adopted in British Columbia.

The captain and the vice-captain will both carry a horn,
bell, whistle or whatever is used for signaling and, although
most signals will be given by the captain, it may be necessary
for the vice-captain to signal from time to time.
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The standard code of signals adopted in British Columbia
is as follows:

One — To advance if stopped or at rest; to stop if in
motion.
Two — To rest.

Three — Distress: this signal will often be given by the vice-
captain as he is observing the team members
during travel and will be first to notice signs of
distress.

Four — Attention: at this signal all team members will look
at the person giving the signal and receive further
instructions.

Five — Retreat: at this signal the team will immediately

retreat in the direction from which they bave just
come. The vice-captain may lead the team in
retreat for short distances through areas already
explored, but should not lead the team into unex-
plored areas. As soon as circumstances permit, the
captain should resume the responsibility of leading
the team.

Hand signals are not standardized but are worked out by
each team to best suit their operating techniques. The proper
use of hand signals is another reason why teams must practise
regularly. All team members must know the team’s hand
signals so that they can be quickly acted upon and so that
there will be no confusion as to what is required.

TEAM DISCIPLINE

It is of the utmost importance that the mine rescue team be
well trained in the use and care of their apparanis. They must
be efficient in performing the various duties they will be
called upon to do. Their morale must be of the highest, such
as only constant training and expert knowledge of their
apparatus will provide.

TEAM SAFETY

The safety of the team is of primary importance and is the
first consideration of mine rescue. The captain must keep his
team’s safety foremost in mind at all times.

It is, of course, understood that any team entering a mine
after an explosion, or to fight a mine fire, is taking a
calculated risk. The captain will receive instructions from the
control centre, but must give each situation careful thought
before procaeding, and must keep the odds in favour of his
team at all times. The captain should advance his team
through the mine cautiously, paying particular attentian to the
roof and walls and to the condition of the mine atmosphere,
and recording this information.

The team must be rested regularly and be constantly
observed for signs of distress in any member. Work must be
distributed as evenly as possible among all members:

THE FRESH-AIR BASE

A fresh-air base is, as the name implies, a base at which
good respirable air has been established. It is the point of
departure for the mine rescue team and no one should
proceed beyond the fresh-air base unless they have respira-
tory protection apparatus with them.



The fresh-air base must have an assured supply of good air
at all times. In choosing the base, consideration should be
given to providing the following:

® A clean area with good lighting.

@ An assembly area for servicing breathing apparatus.

® An area for briefing and debriefing mine rescue teams.

If the base is located underground, consideration should
also be given to the following points:

® The travelway from tlie base to surface must always be

assured of good air.

® Underground to surface communication.

@ Necessary tools and supplies to carry out the work at

hand.

® First aid equipment and supplies.

Although some breathing apparatus on the market today
may be recharged for a factory approval rating of 3 hours
(Aerorlox) or 4 hours (B.G. 174), the British Columbia
Ministry of Energy, Mines and Petroleum Resources adheres
to a policy whereby no person will work for more than 2
hours while wearing breathing apparatus. Teams will there-
fore follow the general rule of allowing twice as much time or
twice the amount of oxygen to travel out as they used to travel
in.

ROUTE OF TRAVEL

It is fundamental that a n:scue team should explore a mine
via the fresh-air route wherever possible. There are two good
reasons for this practice:

@ The risk to an exploring team is-lessened.

‘® The fresh-air base can be locatedinearer:to the scene of
action.

Circumstances prevailing may make it impossible to travel
by a fresh-air route, but the team captain must always be sure
that he has a safe route of retreat for his team and must not
chance having his team *‘cut off”’ from a means of retreat.

The route of travel must always be properly marked by an
advancing mine rescue team. The two principal reasons why
this is done are:

@ So that the team can retrace its steps on the way out of
the mine. Under conditions of poor visibility or in
complicated mine workings, it is not difficult to lose
one’s way. Marking the travel route will prevent the
team from becoming lost.

® If the team should get into trouble and cannot get out of
the mine, a team coming to their assistance can find
them by following their route markers.

The travel route is marked by either trailing a communica-
tion line or by marking the rouie with chalk or paint at key
points along thre way. If chalk or paint are used, an arrow
should be marked on the walls at key points, pointing in the
direction from which the team has come. If the team should
retrace their steps, route markers should be cancelled. The
details of the method of route marking must be understood by
all backup teams.

All team mmembers maist rermain In visual contact with ane
another at all times and, if this is not possible due to poor
visibility, they must keep in physical contact by using life-
lines or by some other means such as holding hands or
carrying a stretcher. Team members must never become
separated.
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Extreme caution must be used when traveling under condi-
tions of poor visibility as any hazard is compownded if it
cannot be seen.

When any work is being done by the team, such as
building stoppings, timbering, barring, etc., the captain or
vice-captain must keep a constant watch to be certain thar
team members are not exposed to danger and work should be
distributed as evenly as possible among the team members so
that no individual becomes undnly fatigued.

RESCUE PROCEDURES

TESTING THE MINE ATMDSPHERE

One of the most important considerations in mine rescue
and recovery work is the condition of the mine atmosphere.
The captain, possibly with the vice-captain’s assistance,
makes all gas tests and keeps a detailed record of the
conditions encountered. All team members should be kept
informed of the condition of the atmosphere.

In addition to checking the atmosphere, the amount and
direction of ain movement must be noted and nothing niust be
done to change ventilation until the results are known.

STRETCHER PROCEDURE

When exploring a mine the supplies and tools used by the
team are usually carried on a stretcher. The stretcher is then,
of course, available for transporting casualties.

Wherever the width and condition of the roadway pennit,
the Nos. 2, 3, 4 and 5 team members should share the weight
of the stretcher. Rests should be taken frequently and team
members allowed to change hands on the stretcher. At times,
of course, only two men may be able to carry the stretcher.
Under these circumstances more frequent rests will be
required and the crew should spell one another off.

CARE OF CASUALTIES FOUND IN THE MINE

When injured workers are found in the mine they must be
properly treated and given the neaessary respiratory protec-
tion. If they are found in a dangerous atmosphere, breathing
apparatus should be supplied to them and, if possible, they
should’be moved 10 an area of good air. They should be taken
to the fresh-air base if it is safe to do so, or they should be
isolated in an area where there will be the minimum possible
exposure to dangerous gases. Refuge stations may be used
for this or it may be necessary to seal men in temporary
refuge stations.

The mine rescue team must be certain that the injured
know how to use any breathing apparatus supplied and, if it
becomes necessary to leave them temporarily, they must be
assured that they will be safe and that they must remain in one
place. What is done with casualties will depend on prevailing
conditions, but they must not be exposed to further danger
and they must understand that they will be looked after.
Proper first aid procedures must be followed for all injuries.

All miners found should be identified and their locations
indicated on mine plans. If dead bodies are found they must
be identified and left in the mine until the living are takén
care of.

It may be necessary to physically restrain irrational victims
to prevent them from injuring themselves. Persons who are
not irrational should never be tied up or otherwise restrained.



When accident victims are being brought from the mine
they should be closely watched and prevented from
“bolting” as fresh air is neared. Persons being rescued
should always travel between rescue team members.

THE MINE RESCUE UNIT

The mine rescue unit consists of a minimum of three mine
rescue teams summoned to a mine disaster; if the operation
extends beyond 6 to 8 hours, additional teams must be called
in. In order to reduce fatigue, the teams ate rotated to allow

one team at work, one team on hand as backup and the third
team at rest. A typical rotation for a three-team unit is as
follows:

Team Working

(max. 2 hrs.) Back-up Team Team at Rest
A-team B-team C-team
B-team C-team A-team
C-team A-team B-team

Teams have approximately 6 hours rest prior to working
for 2 hours. See Figure 2-2 for a six-team arrangement.

Date
Time
Team|  pescrioti
escription
No. P
1 Active Reserve | Stand-by] Active Reserve |Stand-by
' atF.AB. atF.AB.
2 Stand-by| Active Reserve  Stand-by| Active Reserve
' atF.AB. atF.AB.
3 Reserve |Stand-by| Active Reserve| Stand-by| Active
: atF.AB. atF.AB.
Reserve {Stand-by | Active Reserve|Stand-by| Active
4. atF.AB. atFAB.
Reserve (Stand-by | Active Reserve |Stand-by| Active
5. atF.AB. atF.AB.
Reserve |Stand-by| Active Reserve | Stand-by| Active
6. atF.AB. atF.AB.
Signed

Figure 2-2. Rotation of mine rescue teams in event of fire underground - six-team arrangement. This arrangement allows for each
team to have 6 hours on duty (2 hours active; 2 hours on stand-by at the fresh-air base; 2 hours in reserve) followed by 6 hours complete
rest in each rotation. If indications are that the operation will be extensive a nine-team rotation (Figure 2-3) is advisable and new teams

should be added as soon as they become available.

Date
Time
Team|  pescrioti
escription

No. P
1 Active Reserve |Stand-by| Active
: atF.AB.
2 Stand-by| Active Reserve | Stand-by| Active
: atF.AB. atF.AB.
3 Reserve |Stand-by| Active Resarve |Stand-by| Active
: atF.AB. atF.AB.

Reserve (Stand-by | Active Reserve Stand-by
4. atFAB. atF.AB.

Reserve (Stand-by | Active
5. atF.AB.
Reserve (Stand-by | Active
6. atF.AB.
Reserve (Stand-by | Active
7. atF.AB.
Reserve [Stand-by| Active
8. atF.AB.
Reserve |Stand-by| Active
9. atF.AB.
Signed

Figure 2-3. Rotation of mine rescue teams in event of fire underground — nine-team arrangement. This arrangement allows for each
team to have 6 hours on duty (as in Figure 2-2) followed by 12 hours complete rest in each rotation.
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CHAPTER 3

MINE GASES - RECOGNITION, EFFECTS AND TREATMENT

TRAINING OBJECTIVES

The objectives of the following discussion of mine gases is
to ensure the trainee understands:
(1) Mine regulations relating to exposure to mine gases.

(2) The terms:
® Threshold limit value.
® Short-term exposure.
¢ Time-weighted average.
® Physical and chemical properties of gases.
(3) The properties and effects of:
® Acetylene.
® Air.
® Ammonia.
® Carbon dioxide.
@ Carbon monoxide.
® Chlorine.
¢ Hydrogen.
@ Hydrogen cyanide.
¢ Hydrogen sulphide.
¢ MAPP.
® Methane.
® Nitrogen.
® Oxides of nitrogen.
® Oxygen.
@& Powder smoke.
® Propane.
® Sulphur dioxide.
® Gases given off from burning rubber.

INTRODUCTION

Many gases found in a mine during normal operating
conditions can have a harmful effect on the human body if
breathed for a period of time in concentrations above the
recognized safe limit for the time period. During a fire in an
underground mine, large quantities of deadly gases may be
given off. The biggest problem confronting the miner at the
time of a mine fire is to protect himself from these gases.

ON THE THRESHOLD OF
UNDERSTANDING - TOXIC CHEMICALS

Deadly concentrations of toxic gases may be only a few
parts per million (ppm). For many of us, 1 ppm is about as
hard to visualize as the national debt. The following exam-
ples will help you to grasp what one part per million really
represents and also help you think in metric units. One ppm is
the same as:
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1 ounce of sand in 31 tons or 1 gram per tonne.
1 inch in 16 miles or 1 centimetre per kilometre.
1 minute in 1.9 years.

1 ounce of dye in 6240 gallons of water or 1 gram per
1000 litres.

® | square inch in 1/6 acre or 1 square centimetre in 100
square metres.

® ] cent in $10 000.
Keep these comparisons handy; they may sharpen your
sense of threshold limit values.

THRESHOLD LIMIT VALUES

Threshold limit values refer to airborne concentrations of
substances and represent conditions under which it is
believed that nearly all workers may be repeatedly exposed
day after day without adverse effect. Because of wide varia-
tion in individual susceptibility, however, a small percentage
of workers may experience discomfort from some substances
at concentrations at or below the threshold limit; a smaller
percentage may be affected more seriously by aggravation of
a pre-existing condition or by development of an occupa-
tional illness.

Definitions. Three categories of Threshold Limit Values
(TLVs) are specified, as follows:

(a8) The Threshold Limit Value—Time Weighted Average
(TLV-TWA) — the time-weighted average concentration for a
normal 8-hour workday and a 40-hour workweek, to which
nearly all workers may be repeatedly exposed, day after day,
without adverse effect.

(b) Threshold Limit Value—Short Term Exposure Limit
(TLV-STEL) — the concentration to which workers can be
exposed continuously for a short period of time without
suffering from (1) irritation, (2) chronic or irreversible tissue
damage, or (3) narcosis of sufficient degree to increase the
likelihood of accidental injury, impair self-rescue or mate-
rially reduce work efficiency, and provided that the daily
TLV-TWA is not exceeded. It is not a separate independent
exposure limit, rather it supplements the time-weighted aver-
age (TWA) limit where there are recognized acute effects
from a substance whose toxic effects are primarily of a
chronic nature. STELs are recommended only where toxic
effects have been reported from high short-term exposures in
either humans or animals.

A STEL is defined as a 15-minute time-weighted average
exposure which should not be exceeded at any time during a
work day even if the 8-hour time-weighted average is within
the TLV. Exposures at the STEL should not be longer than 15
minutes and should not be repeated more than four times per
day. There should be at least 60 minutes between successive
exposures at the STEL. An averaging period other than 15
minutes may be recommended when this is warranted by
observed biological effects.



(c) Threshold Limit Value-Ceiling (TLV-C) — the con-
centration that should not be exceeded during any part of the
working exposure.

Airborne particulate concentrations are generally mea-
sured in milligrams per cubic metre of air (mg/m3) and
gaseous concentrations are measured as parts per million or
per cent by volume.

HAZARDS DURING AND AFTER FIRES

During and following fires the two greatest hazards to life
are poisoning from the breathing of carbon monoxide and
suffocation in an atmosphere deficient in oxygen. The condi-
tions which cause contamination of mine atmospheres are as
follows, listed in order of the seriousness of the hazard:

CARBON MONOXIDE - This gas is always present at the
time of a fire and gives little or no warning of its
presence.

OXYGEN DEFICIENCY - This condition oecurs because of
the consumption of oxygen by combustion or chemical
reaction and its replacement by toxic or inert gases.
Precautions must always be taken against it.

SMOKE - The hazard is due to its irritating qualities and
obstruction of vision. It may be explosive.

EXPLOSIVE GASES - Gases generated by fire (as in
smoke) may explode.

METHANE - This gas is not produced by mine fires or
explosions but may cause them. Its presence in a mine
during rescue or recovery operations creates a major
hazard.

SULPHUR DIOXIDE - This gas is present when a fire
occurs in a sulphide orebody. Because of its irritating
qualities it gives advance warning when in low
concentrations.

OTHER GASES - Hydrogen sulphide, nitrous oxides, etc.,
are not likely to be encountered but the possibility of
their occurrence should be kept in mind. Hydrogen
sulphide sometimes indicates the presence of methane.

BURNING CONVEYOR BELTS AND
RUBBER TIRES

In fires caused in conveyor belting by frictional heating,
the cotton carcass is usually the first thing ignited, but once
the belting is burning the flames spread along the rubber
cover. Materials in addition to the belting (in metal mines this
could be grease and oil) are likely to support the burning of
the belt.

Polyvinylchloride (PVC) covered belting is practically
nonflammable, but, when heated, both PVC and neoprene
(found in rubber tires) give off chlorine gas. PVC contains 55
per cent by weight of chlorine. Synthetic imbber and neo-
prene contain about 40 per cent chlorine.

The products of decomposition and burning of conveyor
belting and rubber tires are many and complex. The gases
produced are listed in Table 3-1 and, to indicate the danger of
some of these gases, the maximum allowable concentrations
permitted are shown. Carbon monoxide is actually one of the
least poisonous.
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TABLE 3-1
GASES PRODUCED BY BURNING RUBBER,
NEOPRENE AND PVC
Maximum Allowable
Concentration
ppm per cent

Carbon monoxide.............ccoooneiiciiniii e 50 0.005
Chlorine..........c.......... 1 0.0001
Hydrogen chloride...... 5 0.0005
Phosgene*................. 0.1 0.00001
Sulphur dioxide ......... 2 0.0002
Hydrogen sulphide .... 10 0.001
Nitrogen dioxide........ 3 0.0003
Ammonia....... s 50 0.005
Hydrogen cyanide ..... 10 0.001
Arsine* ... 0.05 0.000005
Phosphine® ... 0.3 0.00003

* Note the toxicity of these gases as compared to carbon monoxide.
From *‘Investigations into Underground Fires"", Safety in Mines Research Estab-
lishment, Buxton, England.

MINE GASES, THEIR OCCURRENCE,
PROPERTIES, EFFECTS ON HUMAN
BEINGS AND TREATMENT OF
AFFECTED PERSONS (Table 3-10)

ACETYLENE (C,H,)

Acetylene is a highly flammable hydrocarbon fuel which,
with oxygen in the oxyacetylene process, produces industry’s
hottest flame (3260°C; 5900°F). Acetylene is very unstable
and can become dangerously explosive if compressed above
100 kilopascals (kPa) (15 psi) in the free state. Acetylene
cylinders are therefore packed with porous material that is
saturated with acetone in which the acetylene is dissolved.
Acetylene can thus be safely stored and transported at a
pressure of 1700 kilopascals (250 psi). Never use acetylene
above 100 kilopascals (15 psi), it is hazardous and against the
regulations. Acetylene forms an explosive compound with
copper and alloys containing more than 67 per ceht copper.
The hazard is carefully avoided in the manufacture of weld-
ing torches, tips and regulators. A word of warning, some
welders call acetylene ‘‘gas” and oxygen ‘‘air’’. This dan-
gerous habit could cause death or injury under certain cir-
cumstances. Call acetylene by its proper name and other
gases by their names.

The properties of acetylene are summarized in Figure 3-1.

AIR

Air is the invisible envelope surrounding the earth, in
which plants, animals and human beings live and breathe. It
is a mixture of several gases which, though ordinarily invis-
ible, can be weighed, compressed to a liquid or frozen to a
solid.

Pure, dry air at sea level contains several gases, in the
following proportions by volume per cent: oxygen (O,),
20.94; nitrogen (N,), 78.09; carbon dioxide (CO,), 0.03;
and argon (Ar), 0.94. Traces of other gases, such as hydrogen



ACETYLENE (CaHj)
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EXPLOSIVE: 2.8 - 81%

PROPERTIES
COLOUR: None.
ODOUR:  Distinct odour.
TASTE:  None.
OTHER: Displaces oxygen; pressure sensitive above 100 kPa.
HOW FORMED
Action of water on calcium carbide.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
Acetylene displaces oxygen in the air. High concentrations will
therefore result in symptoms of oxygen deficiency
TREATMENT OF AFFECTED PERSONS
Ventilation. Remove to fresh air if unconscious. Give oxygen and
artificial ventilation as required.

Figure 3-1. Acetylene — key characteristics.

and helium, are also present. The air in a well-ventilated
mine seldom shows any depletion of the oxygen content.

Mine air may be contaminated by the presence of other
gases such as carbon monoxide, sulphur dioxide, hydrogen
sulphide, methane, oxides of nitrogen and excess carbon
dioxide. The presence of these gases may be due to any of the
following:

® After-effects of blasting or other explosions.

® After-effects of mine fires.

¢ Diffusion from ore or country rock, as with methane.
® Decay of mine timber.

.

Absorption of oxygen by water or oxidation of timber or

ore.

Use of diesel motors underground.

® Gas released from thermal water — carbon dioxide,

hydrogen sulphide.

Except in the case of fire, adequate positive ventilating
currents will prevent any dangerous accumulation of these
gases. Gases may affect people either by their combustible,
explosive or toxic qualities, or, if inert, by the displacement
of oxygen. The effects may be due to a variety of conditions
including:

ALTITUDE - Breathing becomes more laborious due to the
decrease in oxygen content as the altitude increases.
This is not dangerous unless conditions are extreme or
the work arduous.
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HUMIDITY - High temperatures with high humidity are
very enervating and cause considerable discomfort.
TEMPERATURE - High temperatures with low humidity
are not dangerous except from the blistering effect of
heat.
IMPURE AIR:
® Nontoxic gaseous impurities are not dangerous
unless they have displaced oxygen to a level below 16
per cent.
® Regardless of the oxygen level, some toxic gases
have deadly effects, even in very low concentrations.
Effects may be sudden or gradual, depending on the
concentration of the impurity.

AMMONIA (NH;)

Ammonia (also known as anhydrous ammonia or
ammoniac) is a colourless gas with a strong and distinctive
smell detectable at concentrations of 1 to 50 ppm. It is formed
by the reaction of nitrogen with hydrogen in the presence of a
catalyst and has a number of industrial uses. It is stored in
commercial cylinders as a compressed liquefied gas. It is
corrosive and also explosive when exposed to heat and
oxidizing substances. Its key characteristics are summarized
in Figure 3-2.

Ammonia is not a strongly toxic gas, indeed in Victorian
times ladies sometimes carried a small bottle of ammonia
solution and inhaled the fumes as a remedy for fainting

AMMONH (NH,)
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PROPERTIES
COLOUR: None.
ODOUR: Strong.
TASTE:
OTHER: Caustic. Explosive range 16 - 25% when exposed to heat and
oxidising substances.
HOW FORMED
Combination of hydrogen and nitrogen with catalytic action.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
25 ppm for 8 hours or 16 ppm for 12 hours. Corrosive iritant to eyes, ears,
nose and lungs.
TREATMENT OF AFFECTED PERSONS
Remove to fresh air. Rest.

Figure 3-2. Ammonia — key characteristics.



attacks. However, its corrosive qualities will irritate the eyes,
nose, throat and lungs and may cause considerable distress.
Discomfort will be felt at concentrations of 20 to 25 ppm and
exposure to an atmosphere containing 130 ppm ammonia for
5 minutes will cause nose and throat irritation. At concentra-
tions of 400 to 700 ppm irritation of the eyes, nose and throat
will be severe. Even brief exposure to concentrations of 5000
ppm or more may cause rapid death due to suffocation or
fluid in the lungs.

FIRST AID PROCEDURES

® Ammonia Inhalation: Remove the source of the
ammonia or move the victim to fresh air. If breathing
has stopped, summon medical help and begin arti-
ficial respiration or cardiopulmonary resuscitation
immediately.

¢ Eye Contact: Summon medical help immediately and
flush out contaminated eyes without delay, using
lukewarm, gently flowing water for 20 minutes, by the
clock, and holding the eyelids open.

@ Skin Contact: In the event of skin contaet with liquid
anhydrous ammonia, flush the contaminated areas with
lukewarm, gently running water for at least 20 minutes.
Under the running water, carefully out around clothing
that sticks to damaged skin and remove the rest of the
garment. Obtain medical help immediately. Perma-
nently discard all contaminated clothing, including
shoes and other leatherware.

SpILL PROCEDURES

In the event of a spill or leak of liquid ammonia, restrict
access to the area until clean-up is completed. Extinguish or
remove all possible sources of ignition. Ensure that clean-up
is done by trained personnel wearing adequate personal
protective equipment. Ventilate the area and notify the appro-
priate government environmental agencies if the spill has not
been fully contained.

Clean-up procedures are:

® Move the leaking cylinder to an exhaust hood or safe
outdoor area for venting. Mark the empty cylinder
DEFECTIVE.

® Use a water spray or fog to reduce the gas cloud from a
serious leak or spill, but do not aim a water jet directly at
the source of the leak.

® If possible, turn the leaking cylinder so that gas rather
than liquid escapes. Isolate the area until the gas has
dispersed.

RESPIRATORY PROTECTION AND FIREFIGHTING
PROCEDURES

Chemical cartridge respirators ov self-contained breathing
apparatus (see Chapter 7) will provide adequate protection
against ammonia in concentrations up to 300 ppm. A
supplied-air or air-purifying respirator should be worn in
ammonia concentrations between 300 and 500 ppm. Con-
centrations of 500 ppm or more are dangerous to life. In an
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emergency, or planned entry into an area where there is any
possibility that ammonia concentrations may cxceed this
level, a positive-pressure full-facepiece self-contained
breathing apparatus must be worn.

Carbon dioxide, Halon and powder extinguishers are
suitable for fighting fires in which ammonia is involved. Stop
the flow of gas or liquid and move ammonia cylinders from
the fire area if it is safe to do so. Use a water spray to keep
containers cool but do not direct water at the source of an
ammonia leak or a venting safety devide. Pressurized con-
tainers may explode in a fire, releasing irritating ammonia
gas; be prepared by wearing self-contained breathing appa-
ratus. Ammonia is not readily ignited, but explosions of air-
ammonia mixtures have occurred, particularly in confined
spaces.

CARBON DIOXIDE (CO,)

Carbon dioxide, an inert gas, is a normal constituent of
mine air (Figure 3-3). It is a product of the decomposition or
combustion of organic compounnds in the presence of oxygen
and also of the respiration of men and animals. It is a
colourless, odourless gas which, when breathed in large
quantities, may cause a distinctly acid taste. It will not bum
or support combustion. Carbon dioxide is heavier than air
and is often found in low places and abandoned mine
workings. The proportion of carbon dioxide in mine air is

CARBON DIOXIDE (CO5)
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PROPERTIES

COLOUR: None.

ODOUR: None.

TASTE:  Acid if breathed in large quantities
OTHER:

HOW FORMED

Oxidation of organic materials, rotting timber, burning wood, blasting, digsel
engines, humans breathing, and as a product of complete combustion of organic
materials.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS

TLV/TWA = 5000 ppm - stimulates breathing; 50 000 ppm - increases
respiration 300%; 100 000 ppm - can be endured for only short period.

TREATMENT OF AFFECTED PERSONS

Remove 1o fresh air. Give oxygen and artificial respiration if breathing has
stopped.

Figure 3-3. Carbon dioxide — key characteristics.



increased by the process of breathing, by the burning of flame
lamps, by fires, explosions and blasting, or by escape from
thermal water. Clinical investigations indicate that carbon
dioxide influences the respiratory rate. This rate inicreases
rapidly with increasing amounts of carbon dioxide (see Table
3-2).

TABLE 3-2

PHYSIOLOGICAL EFFECTS OF CARBON DIOXIDE
CO, in
Atmosphere Increase in Respiration

(%)

0.05 Slight.

2.00 50%.

3.00 100%.

5.00 300% and laborious.
10.00 Cannot be endured for more than a few minutes.

Carbon dioxide in air has these effects when the oxygen
content remains approximately normal and the individual is
at rest. Moving around or working increases the symptoms
and the danger is greater than when resting. Concentrations
of over 5 per cent carbon dioxide in the air are usually
accompanied by an appreciable lowering of the oxygen
content. Carbon dioxide in mine air should be not more than
0.5 per cent.

CARBON MONOXIDE (CO)

Carbon monoxide gas, or ‘“‘white damp”’, is one of the
greatest hazards to life in underground mining. It is one of the
" products of combustion in nonnal blasting operations and the
operation of diesel motors and is dangerous unless adequate
ventilation is provided (Figure 3-4). It is also produced by
such abnormal occurrences as mine fires or gas explosions. It
is a product of incomplete combustion and is formed wher-
ever organic compounds are burned in an atmosphere with
insufficient oxygen to carry the process of burning or oxida-
tion to completion. It is a colourless, odourless, tasteless gas
which, when breathed in even low concentrations, will
produce symptoms of poisoning. Carbon monoxide will burn
and air that contains 12.5 to 74 per cent carbon monoxide will
explode if ignited. It is only slightly soluble in water and is
not removed from the air to any extent by water sprays. It is
slightly lighter than air, having a relative weight of 0.967.

Carbon monoxide in excess of 0.01 per cent, if breathed
indefinitely, may eventually produce symptoms of poison-
ing; 0.02 per cent will produce slight symptoms after several
hours exposure. At a concentration of 0.04 per cent, and
exposure for 2 to 3 hours, headache and discomfort usually
occur. With moderate exercise, a concentration of 0.12 per
cent is sufficient to cause slight palpitation of the heart within
30 minutes, a tendency to stagger:in 1.5 hours, and confusion
of the mind, headache and nausea in 2 hours. In concentra-
tions-of 0.20 to 0.25 per cent unconsciousness usually occurs
in about 30 minutes. The effect of high concentrations may
be so sudden that one has little or no warning before callaps-
ing (see Table 3-3; Figure 3-5). The carbon monoxide content
of the air in which men are employed for a period of 8 hours
should not exceed 0.005 per cent or 50 ppm.
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CARBON MONOXIDE (CO)
RELATIVE WEIGHT EXPLOSIVE RANGE
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PROPERTIES
COLOUR: None.
ODOUR:  None.
TASTE: None
OTHER:

HOW FORMED
Incomplete combustion of organic materials, diesel exhaust, blasting, fires.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS

TLV = 50 ppm - saturates blood so oxygen cannot be used. Early symptoms
include tightness of skin on forehead, dizziness, nausea, confusion of mind, a
pink colour 1o the skin and unconsciousness. Absorption by blood is cumulative.

TREATMENT OF AFFECTED PERSONS
Remove from further exposure. Give oxygen. Medical aid for acute poisoning.
Keep patient at rest.

Figure 3-4. Carbon monoxide — key characteristics.

TABLE 3-3
PHYSIOLOGICAL EFFECTS OF CARBON MONOXIDE
Concentration
of CO Allowable Length of Exposure
(%)
0.005 Allowable for exposure of several hours.
0.04-0.05 Can be inhaled for 1 hour without appreciable effect.
0.06-0.07 Just noticeable effects after 1-hour exposure.
0.10-0.12 Unpleasant, but probably not dangerous after 1-hour
exposure.

0.15-0.20 Dangerous for exposure of 1 hour.
0.4 or more Death in less than 1 hour.

How CARBON MONOXIDE ACTS

The oxygen absorbed from the air in the lungs is normally
taken up by the blood in the form of a loose chemical
combination with the red colouring matter (haemoglobin) of
the corpuscles and is carried to the tissues where it is used.
Haemoglobin forms a much more stable compound with
carbon monoxide than with oxygen; when saturated with.
carbon monoxide it can no longer take up oxygen.

The affinity of haemoglobin for carbon monoxide is about
three hundred times its affinity for oxygen, hence when even
a small amount of carbon monoxide is present in the air
breathed, the haemoglobin will absorb the carbon monoxide
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Figure 3-5. Physiological effects of exposure
to carbon monoxide.

in preference to the oxygen. When carbon monoxide is
absorbed it reduces the capacity of the haemoglobin for
carrying oxygen to the tissues. It is this interference with the
oxygen supply to the body that produces the symptoms of
poisoning.

The symptoms of poisoning more or less paraliel the extent
of blood saturation. The first definite indications, during rest,
appear when 20 or 30 per cent of the haemoglobin is
combined with carbon monoxide. Unconsciousness takes
place at about 50 per cent saturation and death occurs at about
80 per cent. The symptoms produced by various percentages
of carbon monoxide in the blood, as determined by experi-
ments conducted by the United States Bureau of Mines, are
summarized in Table 3-4.

The symptoms decrease in humber wiih the increase in the
rate of saturation. Victims may experience few symptoms
when exposed to high concentrations. The rate at which they
are overcome, and the sequence in which the symptoms
appear, depend on several factors: the concentration of gas,
the extent to which the victims are exerting themselves, the
state of their health and individual susceptibility, and the
temperature, humidity and air movement to which they are
exposed.
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TABLE 34
SYMPTOMS OF CARBON MONOXIDE POISONING

Blood
Saturation Symptoms
(%)
0-10 None.
10-20 Tightness across the forehead, possible headache.
20-30 Headache, throbbing in the temples.
30-40 Severe headache, weakness, dizziness, dimness of
vision, nausea, vomiting and collapse.
40-50 Same as 30-40, with more possibility of fainting and
collapse, increased pulse and respiration rate.
50-60 Fainting, increased pulse and respiration rate, coma with
intermittent convulsions.
60-70 Coma with intermittent convulsions, depressed heart
action and respiration, possible death.
70-80 Weak pulse and slowed respiration, respiratory failure

and death.

Exercise, high temperature and humidity, with little or no
air movement, tend to increase respiration and heart rate and
consequently result in more rapid absorption of carbon
monoxide.

TREATMENT FOR CARBON MONOXIDE POISONING

The onset of carbon monoxide poisoning may be either
sudden or gradual, depending on the concentration and
period of exposure. Interest usually centres on the treatment
of the acute or sudden form.

In the treatment of the chronic or gradual form of poison-
ing the most important factors are avoiding further exposure
and taking a complete rest. In the treatment of acute carbon
monoxide poisoning the most important thing is to get the gas
out of the blood as quickly as possible, thus decreasing the
possibility of serious after-effects or even loss of life through
failure of the heart and lungs. As soon as the patient begins to
breathe air in which there is no carbon monoxide, the process
of eliminating the gas from the blood will begin naturally.
However, this normal elimination is slow and often has
serious effects. It requires from 8 to 15 hours to reduce the
carbon monoxide haemoglobin to 10 per cent of the total
haerhoglobin. Inhalation of pure oxygen will remove the
carbon monoxide from the blood four or five times faster.
The use of oxygen alone, in an oxygen therapy unit, is
common practice because it is usually readily available
owing to its general use in industry. Inhalation freatments are
preferably given with an inhalator, but the oxygen may be
administered by improvised apparatus or sprayed directly
over the patient’s face from a cylinder if an inhalator is not at
hand. Caution should be taken in controlling the flow when
using the gas directly from the cylinder. The cylinder should
be opened, and the flow regulated, before the gas is directed
toward the patient. No improvised mask or device should be
used in which pressure may build up and cause injury.
Because of its great efficiency, an inhalator is preferable to
any improvised device.

The steps in the effective treatment of carbon monoxide
poisoning are as follows:



e

(1) The patient should be removed to fresh air as soon as
possible.

(2) If breathing has stopped, is weak and intermittent, or is
present only in occasional gasps, artificial respiration
should be givenr persistently wuntil normal breathing is
resumed or until it is definitely established that the
patient is dead.

(3) Pure oxygen should be administered, beginning as soon
as possible and continuing as long as necessary, at least
20 minutes in mild cases and as long as 1 or 2 hours in
severe cases.

(4) Circulation should be aided by rubbing the patient’s
limbs toward the heart and keeping the body warm with
blankets or hot-water bettles.

(5) The patient should be kept at rest, lying down to avoid
strain on the heart; later he should be given plenty of time
to rest and recuperate. It cannot be emphasized too
strongly that immediate inhalation of oxygen for 20 to 30
minutes will lessen the severity of carbon monoxide
poisoning to a great extent and decrease the possibility of
serious after-effects.

CHLORINE (C1)

Chlorine is a heavy, greenish yellow, nonflammable gas
which is easily liquefied and is supplied commercially as a
liquid under pressure in cylinders and larger containers
(Figure 3-6). The handling of these containers is no different
from that of ether compressed gas cylinders. No attempt
should be made to handle or store chlorine without a com-
plete review of the Dow Chlorine Handbook or the Chlorine
Manual, available from the Chlorine Institute.

Because of its fairly low solubility in water, chlorine is an
irritant to the deeper as well as the upper respiratory system.
A gas mask of the acid-gas type will provide protection from
concentrations up to about 2 per cent by volume in air, at
which point skin irritation becomes serious. Chlorine may
react to cause fire or explosion upon contact with turpentine,
ether, ammonia, hydrocarbons, hydrogen, steel pipes and
vessels, or finely divided metals.

A person who has been exposed to chlorine must be taken
from the contaminated area and kept as quiet as possible.
Rest is essential. The patient must be kept warm and quiet,
lying on the back with the head elevated. A doctor should be
called immediately. Serious effects may he delayed and
persons who have been exposed to chlorine should canse-
quently be kept under observation for at least 24 hours.
Ingestion of chlorine gas is not a serious problem. If swal-
lowed do not induce vomiting; give milk, warer or milk of
magnesia, and call a doctor imuniediately. Prevent inhalation
and all contact with skin and eyes. If exposure occurs, effects
of inhalation should be looked for first and treated, even
though skin and eye contact may also have occurred. In mild
cases of throat irritation from chlorine, milk will give relief.
Epinephrine or ephedrine will provide relief shortly after
exposure, when the distress is mainly due to bronchial
spasm.

Inhalation of oxygen, or a carbon dioxide and oxygen
mixture, is helpful in chlorine poisoning, particularly if
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CHLORINE (CI)
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PROPERTIES
COLOUR: Greenish yellow.
ODOUR: Distinct odour; compare clorine bleach.
TASTE:
OTHER:
HOW FORMED
Electrolysis of common salt and other chemical reactions involving chiorine
compounds.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
TVA = 10 ppm for 2 hours or 0.5 ppm for 12 hours. Corrosive irritant to eyes,
skin, fungs ste.
TREATMENT OF AFFECTED PERSONS
Remove from contaminated area. Keep warm and quiet, lie on back with head
elevated. Call a doctor immediately.

Figure 3-6. Chlorine — key characteristics.

positive-piessure oxygen breathing can be given. If breathing
has apparently stopped, artificial respiration should be
started at once. It will be more effective if oxygen inhalation
can be given at the same time.

In spite of the most careful inspection, compressed-gas
cylinders and larger containers will occasionally leak, com-
monly because of unnecessarily rough handling. The Chlo-
rine Institute gives the following recommendations for hand-
ling leaking chlorine containers:

(1) Correct the condition promptly. Telephone your chlorine
supplier or any chlorine producer if you need help.

(2) Keep on the windward side and above the leak.

(3) Permit only authorized, trained personnel, equipped
with gas masks, to investigate. Keep all other persons
away from the affected area.

(4) Ifthe leak is extensive, try to warn everyone in the path of
the gas.

(5) If aleak occurs in equipment in which chlorine is being
used, close the valve of the chlorine container
immediately.

(6) If chlorine is escaping as a liquid, turn the container so
that chlorine gas escapes. The amount of gas escaping
from a leak is about ane-fifteenth the amount of liquid
which will escape through a hole of the same size.

(7) Do not apply water to a chlorine leak.



(8) If a chlorine leak occurs in transit through a congested
area, keep the conveyance moving, if possible, until it
reaches an open area. If the vehicle is wrecked, transfer
the container to a suitable conveyance and transport it to
the open country.

Pinhole leaks in cylinders and large containers may
sometimes be temporarily stopped by tapered hardwood
pegs or metal drift pins driven into the holes. First turn
the container so that only gas is escaping. Use extreme
care in driving the plug because the wall area surround-
ing the hole may be thin and crumble. After taking this
emergency measure, empty the cylinder as quickly as
possible.

Mechanical devices for plugging leaks in chlorine con-
tainers of various sizes, up to tank cars, are available from
suppliers of chlorine and can be kept on hand. They are
highly effective if properly used.

&)

HYDROGEN (H,)

Hydrogen is a colourless, pdourless and tasteless gas. It is
very much lighter than air with a relative weight of 0.07 and is
highly flammable. Hydrogen is explosive over a broad range
of concentrations, that is, from 4 to 74 per cent. It will
explode with as little as 5 per cent oxygen in the air and is
most violently explosive at concentrations of 7 to 8 per cent
(Figure 3-7).
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EXPLOSIVE: 4 - 74%
PROPERTIES
COLOUR: None.
ODOUR: None.
TASTE:  None.
OTHER: Highly explosive over a wide range of concentrations
HOW FORMED

Electrolysis in battery charging stations. Incomplete combustion and
incomplete breakdown of water when rock heated to incandescence.
Present in coal gas and released by blasting in coal.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
Nontoxic; only physiological effect is when oxygen is displaced.

TREATMENT OF AFFECTED PERSONS
As for oxygen deficiency.

Figure 3-7. Hydrogen - key characteristics.
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Hydrogen is not a toxic gas and, as with methane, the only
danger of breathing it is when the concentration is such that
the oxygen content of the air is significantly reduced.

The only real hazard of hydrogen is from its flammable
and explosive properties. Hydrogen is normally found in
mine air in only very small quantities. it can, however, be
produced at the time of mine fires when rock is heated to
incandescence or as a result of incomplete combustion.

The most common source of hydrogen, under normal
circumstances in metal mines, is in battery iocomotive charg-
ing stations. The electrolytic action which takes place during
battery charging releases hydrogen. Charging stations must,
therefore, be well ventilated and smoking, electric arcs or
any other open flame must be avoided in them.

In coal mines occurrences of small quantities of hydrogen
gas are more general. From a trace to as much as 9 per cent
can be found in the crevices of a coal face after blasting. It is
formed there as a result of incomplete combustion of explo-
sives and by distillation of the coal, caused by the explosion.

Hydrogen is usually present in amounts up to 2 per cent in
gas from gob and ordinary mine fires and is always present
after coal-dust explosions. Coal gas may contain as mach a
50 per cent hydrogen. '

Hydrogen gas can be detected with the multigas detector
described on page 00 and with vacuum bottles.

HYDROGEN CYANIDE (HCN)

Hydrogen cyanide, also referred to as prussic acid,
hydrocyanic acid and formonitrile, is a colourless, tasteless
gas with a distinctive odour of bitter almonds; it condenses to
a colourless liquid at temperatures below —26°C. It is a fast-
acting and deadly poison causing paralysis of the respiratory
system and chemical asphyxiation and is particularly dan-
gerous as it ean be absorbed through the skin as well as by
inhalation (Figure 3-8).

Hydrogen cyanide is formed by the action of hydrochloric
acid on cyanide compounds. It is unlikely to be found in
underground mine workings, but may occur in concentrator
areas where cyanide is used as a reagent in the milling of gold
ore, and other places where cyanide compounds are used. It
may also be released from cyanide-bearing concentrator
tailings.

The threshold limit value for hydrogen cyanide is 10 ppm.
The effects of exposure are shown in Table 3-5; the effects are
slower for exposure to cyanide salts. The average lethal dose
of sodium cyanide is 100 milligrams, whether ingested or
absorbed through the skin or lungs; 200 milligrams is about
the size of an aspirin tablet. In each case hydrogen cyanide
enters the bloodstream and blocks the ability of red blood
cells to take up oxygen. The effect is the same as suffocation.

Symptoms of mild or early cyanide poisoning are:

® General weakness, heaviness of the arms and legs.
@ Difficulty breathing.

® Headache, giddiness, nansea and vomiting.

® Irritation of the nose, mouth and throat.
Symptoms of severe cyanide poisoning are:

® Nausea and vomiting.

@ Gasping for breath.
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PROPERTIES
COLOUR: None.
ODOUR: Bitter aimond.
TASTE:  None.
OTHER: Can be absorbed through the skin.

HOW FORMED

Action of hydrochleric acid on sodium or potassium cyanide. May occur in mill
areas where cyanide is used. it may also be produced during the heat
treatment of drill steel or reteased from cyanide-bearing concentrator tailings.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS

10 ppm for 8 hours or 5 ppm for 12 hours. Deadly poison, causing paralysis
of the respiratory system and chemical asphyxia.

TREATMENT OF AFFECTED PERSONS

Remove to fresh air. Give cyanide antedote as directed. Call a doctor
immediately. A special cyanide-type cannister is required for administration of
the anecdote. Use the cannister with caution.

Figure 3-8. Hydrogen cyanide — key characteristics.

TABLE 3-§
PHYSIOLOGICAL EFFECTS OF HYDROGEN CYANIDE
Concentration
of HCN Symptoms of Exposure
(ppm)
18-36 Slight symptoms of poisoning after several hours.
45-54 Tolerated for 30-60 minutes without immediate or
later effects.
110-135 Fatal after 30—60 minutes.
135 Fatal after 30 minutes.
180 Fatal after 10 minutes.
270 Fatal immediately.

Similar symptoms may result from other medical condi-
tions; for example, a person who is unconscious or has
breathing difficulties may have suffered a stroke or a heart
attack. In any event, it is important to take immediate action.
Look for firm evidence of cyanide poisoning; for example, a
cyanide splash or spill, the odour of bitter almonds or several
people experiencing the same symptoms. If cyanide poison-
ing is suspected victims should be given cyanide antidote as
soon as possible but a firm diagnosis is important as the
antidote may worsen the patient’s condition if cyanide
poisoning is not the problem. A doctor should be called
immediately and ambulance drivers and staff at the emer-
gency treatment centre must be told that cyanide poisoning is
suspected.
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SPILL PROCEDURES

In the event of a cyanide spill restrict access to the area
until clean-up is completed. Ensure clean-up is done by
trained personnel wearing adequate protective clothing. Ven-
tilate the area, extinguish or remove ail possible sources of
ignition and remove or isolate all flammable or combustible
materials. Notify government occupational and environmen-
tal authorities. Do not touch the spilled cyanide and prevent it
from entering sewers or confined spaces. Stop or reduce the
leak if it is safe to do so; contain the spill with earth, sand or
absorbent material which does not react with cyanide.

In the case of small spills use nonreactive absorbent
material to soak up the spilled cyanide and put it in suitable
covered, labelled containers for safe disposal. In the event of
a larger spill contact fire and emergency services, and the
cyanide supplier, for advice. If the source of the spill is a
leaking cylinder that cannot be shut off, remove the cylinder
to a safe place in the open air then repair the leak or allow the
cylinder to empty.

Review federal, provincial and local government require-
ments prior to disposal of spilled cyanide. Disposal by
controlled incineration or secure landfill may be acceptable.
Waste solutions can be decontaminated by making the solu-
tion strongly basic (pH 12) by adding caustic soda and
pouring the solution onto ferrous sulphate; the resulting
ferrocyanide is relatively harmless. Waste solutions can also
be converted to less toxic cyanate by treatment with chlorine,
sodium or calcium hypochlorite, or ozone atpH910 11;nse a
maximum of 10 per cent hypochlorite. Decontamination
must be done by trained personnel.

FIREFIGHTING PROCEDURES

Because cyanide vapour is extremely toxic, fight fires from
a safe distance or a protected location; stay upwind, avoid
contact and wear a full chemical-protective suit if exposure is
possible. Cyanide vapours are extremely flammable and may
flow to a source of ignition and flash back. The vapours may
explode if ignited in an enclosed area and containers may
explode in the heat of a fire. If possible to do so safely, move
cyanide containers away from the fire area and stay away
from the ends of tanks. Withdraw immediately at the first
sign of increasing sound from a venting device or any
discoloration of the tank. In the case of a small fire, if it is not
possible to stop the leak, allow the fire to bum itself out if
there is no danger to the surroundings. Water may be ineffec-
tive as an extinguisher but can be used to cool containers
exposed to the fire. Disperse vapours, flush spills away from
occupied areas or dilute them to nonflammable concentra-
tions and protect firefighters trying to stop the leak.

HYDROGEN SULPHIDE (H,S)

Hydrogen sulphide, known as “‘stink damp”’, is one of the
most poisonous gases known. Fortunately only traces of it are
ordinarily found in mine workings. In some respects it is
more dangerous than hydrogen cyanide. In low concentra-
tions its distinctive rotten-egg smell is noticeable, but in high
concentrations the sense of smell is quickly paralyzed by the
action of the gas on the respiratory system and cannot be
relied upon as a warning. The gas has a retative weight of



1.19 and, being heavier than air, may collect at low points
(Figure 3-9).

HYDROGEN SULPHIDE ( H.S )
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PROPERTIES

COLOUR: None.

ODOUR: Rotten-egg smell in low concentrations.
TASTE: None. Iritates nose, throat and eyes.
OTHER:

HOW FORMED
Burning sulphide ores, explosions of dusts from sulphide ores and action of
hydrochloric acid on suiphide concentrates.

THRESHOLD LMMIT VALUE AND EFFECT ON HUMANS
TVA = 10 ppm for 8 hours or 5 ppm for 12 hours - paralyses respiratory centre.
Low concentrations cause oed of the lungs, bronchitis and pneumonia.

TREATMENT OF AFFECTED PERSONS
Remove to fresh air. Give oxygen. Give artificial respiration if breathing

stopped. Get medical aid and advise of exposure to hydrogen sulphide.

Figure 3-9. Hydrogen sulphide — key characteristics.

Hydrogen sulphide inhaled in a sufficiently high con-
centration produces immediate asphyxiation; in low con-
centrations it produces inflammation of the eyes and respira-
tory tract and sometimes leads to bronchitis, pneumonia and
oedema of the lungs.

Subacute poisoning may be produced by long exposure to
concentrations as low as 0.005 per cent. Immediate collapse
usually results from exposure to concentrations of 0.06 to 0.1
per cent and death quickly follows. The 8-hour daily
exposure should not exceed 0.001 per cent or 10 ppm (see
Table 3-6).

TABLE 3-6
PHYSIOLOGICAL EFFECTS OF HYDROGEN SULPHIDE
Per Cent Effects Time
0.001 Maximum allowable for 8-hour day
0.005-0.010 Subacute poisoning 1 hour
(1) Mild eye irritation
(2) Mild respiratory irritation
0.02-0.03 Subacute poisoning 1 hour
(1) Marked eye irritation
(2) Marked respiratory irritation
0.05-0.07 Subacute to acute poisoning !/2—1 tour
(1) Unconsciousness
0.10-0.20 Acute poisoning Minutes
or more (1) Unconsciousness

(2) Death
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When explosions of dust occur in blasting operations in
sulphide orebodies, the resulting gases may contain varying
amounts of hydrogen sulphide, together with sulphur dioxide
and possibly other sulphur gases.

MAPP

A relative newcomer to the welding industry, MAPP is a
methylacetylene-propadiene-propylene-propane mixture. It
resembles acetylene in its combustion characteristics but
differs from it in several important ways (Figure 3-10). It can
replace acetylene for most brazing, cutting and heating
operations.

MAPP
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FLAMMABLE OVER A WIDE RANGE

PROPERTIES

COLOUR: None

ODOUR: Olefinic odour.

TASTE:

OTHER: Liquefied gas under pressure. Slightly soluble in water.

HOW FORMED
Not formed accidentally. May escape from faulty cylinders.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS

TWA = 1000 ppm. A slight irritant to the skin and nose. Due to its rapid
evaporation rate it can cause frostbite on Inhalation in moderate cases
results in symptoms of oxygen deficiency. Very high concentrations may have an
anaesthetic effect.

TREATMENT OF AFFECTED PERSONS

Treat as for oxygen deficiency. Flood frostbitten areas with lukewarm, not hot,
water. The patient should see a doctor promptly if cyrogenic “buming” has
resulted in blistering of the skin or deep freezing.

Figure 3-10. Methylacetylene-propadiene (MAPP) -
key characteristics.

MAPP has all the best features of acetylene, natural gas
and propane, and is extremely safe to use. It is a very stable
gas. If, for example, a full MAPP cylinder is dropped, it will
probably not explode as an acetylene cylinder might. The
explosive limits are not as critical as with acetylene and
consequently the risk of an explosion when using MAPP is
much less and it can be used safely at higher pressures than
acetylene. MAPP is noncorrosive but may form explosive
acetylides if in contact with copper, silver or mercury.

Vapour from MAPP has the same dangerous asphyxiating
effect as other liquefied fuels, but its characteristic strong
odour provides a warning of its presence even at very low
concentrations. Conscious persons who have inhaled MAPP
vapour should be moved to an uncontaminated area and
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breathe fresh air; unconscious patients should be moved to
fresh air, given mouth-to-mouth resuseitation and supple-
mental oxygen. MAPP is a slight irritant to the skin and, due
to its high evaporation rate, it may cause tissue freezing or
frostbite on skin contact with the liquid. Frozen tissue should
be flooded or soaked in lukewarm, not hot, water and the
patient should see a doctor promptly if the cyrogenic “‘burn”
has resulted in blistering or deep tissué¢ freezing.

METHANE (CH,)

Methane or marsh gas is encountered in some metal mines
in the Bridge River area and in almost all coal mines in
British Columbia. Mixtures of methane with air and other
gases are known as ‘‘fire damp”’ and *‘after damp”’. The gas
is trapped in the pores of the coal and its rate of release is
variable. It is forreed by the decomposition of organic matter
in the presence of water and the absence of air or oxygen. Itis
often seen as bubbles in stagnant pools, hence the name
marsh gas.

Methane is a colourless, odourless and tasteless gas. An
odour caused by the presence of other gases such as hydrogen
sulphide often accompanies it. Methane will burn with a pale
blue nonluminous flame. Still air that contains 5 to 15 per
cent methane and 12 per cent or more oxygen will explode.
However, the flammable and explosive range of methane is
variable and all occurrences of the gas should be considered
dangerous (Figure 3-11). Where the occurrence of methane is

known or suspected, adequate ventilation to dilute the gas to
a harmless concentration is important.

Methane is considerably lighter than air and when found in
mines is usually near the roof or in high places. Accumula-
tions of the gas may be encountered in unused and noorly
ventilated mine workings or when old workings are being
dewatered. It may be produced by the decay of old timbers.

Methane has no direct effect upon humans but it may
displace the oxygen in the air to such an exent as to cause
oxygen deficiency. An open-flame lamp or spark may cause
an explosion. The Mines Act, Coal Mines Regulations,
requires that all workers be withdrawn from any work-
heading when the methane cantent of the general body :of air
reaches 2.5 per cent. The Act also requires that electrical
circuits be isolated in any work area when the methane
content in the general body of air reaches 1.25 per cent and
that no blasting or shotfiring is done when it exceeds 1 per
cent.

NITROGEN (N,)

Nitrogen Is a colourless, odourless and inert gas. It is not
combustible nor will it support cambustion. It has no phys-
iological effect on humans and is only dangerous if it occurs
in such concentrations that it dilutes the air sufficiently to
cause the oxygen content to fall below the safe limit (Figure
3-12). This dilution may result from the oxidation of various
substances or by consumption in an active fire, thus robbing
the mine atmosphere of a part of its oxygen. The oxygen
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COLOUR: None.
ODOUR: None, but often d with other sulph IS
TASTE: gases.
OTHER: None.
HOW FORMED
Decomposition of organic matter. Released from coal seams and some other
rocks during mining or diamond drilling.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
N ic, but due to fl ility, workers must be evacuated if concentration
reaches 2.5%. Blasting must be stopped at a concentration of 1%.
TREATMENT OF AFFECTED PERSONS
If concentration causes oxygen defficiency, treat as such.
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PROPERTIES
COLOUR: None.
ODOUR: None.
TASTE:  None.
OTHER: Acts as a dilutant of oxygen in air.
HOW FORMED
Normal constituent of air, also given off by rock strata in some
mines.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
Maximum 81% for 8 hours or 41% for 12 hours. Oxygen deficiency is
experienced at high concentrations.
TREATMENT OF AFFECTED PERSONS
Remove to fresh air. Give artificial respiration if breathing has stopped.

Figure 3-11. Methane — key characteristics.

31

Figure 3-12. Nitrogen - key characteristics.



content may be reduced to a very low level and the residual
nitrogen mixed with the products of combustion such as
carbon dioxide, carbon monoxide and sulphur dioxide.

Nitrogen is a natural constituent of the atmosphere. The
TLV is 81 per cent.

OXIDES OF NITROGEN (NO, NO,, etc.)

Oxides of nitrogen are formed in mines by the burning of
explosives and, to a slight extent, by their detonation. They
can usually be detected by the burned-powder odour familiar
to blasters and by the reddish colour of nitrogen dioxide
(NO,) fumes which are formed when the nitric oxide (NO)
produced by an explosion comes in eontact with the air.
Gases collected from the burning of 40 per cent gelatin
dynamite contain 11.9 per cent oxides of nitrogen. When
explosives having properly proportioned components are
completely detonated they usually produce exaeedingly
small amounts of oxides of nitrogen, which are considered
harmless. Explosives from which the wrapper has been
removed may produce harmful amounts of oxides of nitrogen
even when detonated. Diesel engines also produce oxides of
nitrogen. Key characteristics are summarized in Figure 3-13.

Oxides of nitrogen corrode the respiratory passages and
the breathing of relatively small quantities may cause death.
The effect is unlike that of carbon monoxide in that a person
may apparently recover and then die suddenly several days
later. Nitrogen dioxide (NO,) is probably the most irritating
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PROPERTIES
COLOUR: None in smail concentrations; reddish brown in higher concentrations.
ODOUR: None.
TASTE: Acid if breathed in large quantities.
OTHER:
HOW FORMED
Diesel exhuast, blasting with dynamite or ammonium nitrate blasting agents.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
TLV/TWA = 3 ppm. Corrosive to tissues of lungs and respiratory tract; causes
oedema of the lungs.
TREATMENT OF AFFECTED PERSONS
Remove to fresh air. Give oxygen and complete rest. Obtain medical aid.

Figure 3-13. Oxides of nitrogen — key characteristics.
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of the oxides of nitrogen. Its effects on the respiratory
passages are not usually noticed until several hours after
exposure when oedema and swelling take place. This irrita-
tion may be followed by bronchitis or pneumonia, frequently
with fatal results. Air containing 0.01 per cent nitrogen
dioxide may cause dangerous illness if breathed for a short
time and a concentration of 0.07 per cent is fatal if breathed
for about 30 minutes and sometimes less (Table 3-7). The
maximum acceptable concentration and TLV/TWA for this
gas are both 3 ppm. In other words, the concentration for any
short period of exposure must not be greater than that for an
8-hour exposure.

TABLE 3-7
PHYSIOLOGICAL EFFECTS OF OXIDES OF NITROGEN

Concentration of

Oxides of Nitrogen
Milli(l:r Per Cent Effect
3 0.0003 Maximum allowable for 8-hour day.
60 0.006 Minimum causing immediate throat irritation.
100 0.01 Minimum causing coughing.

100-150 0.01-0.015
200-700 0.02-0.07

Dangerous for even short exposure.
Quickly fatal after short exposure.

OXYGEN (0,)

Oxygen, a colourless, odourless and tasteless gas, is the
most important constituent of air. It is necessary for the
support of life and combustion. Its key characteristics are
summarized in Figure 3-14. People breathe most easily and
work best when the air contains approximately 21 per cent
oxygen, but they can live and work, though not as well, when
there is less. When the oxygen content is about 17 per cent,
men at work will breathe a little faster and more deeply. The
effect is about the same as moving from sea level to an
altitude of 1500 metres (5000 feet). People breathing air
containing as little as 15 per cent oxygen usually become
dizzy, notice a buzzing in the ears, have a rapid heartbeat and
often suffer headaches. Very few people are free from these
symptoms when the oxygen level in the air falls to 10 per
cent. Mine air should contain not less than 18 per cent oxygen
(see Table 3-8).

TABLE 3-8
PHYSIOLOGICAL EFFECTS OF OXYGEN DEFICIENCY
Oxygen
Present Effect
(%)
21 Breathing easiest.
17 Breathing faster and deeper.
15 Dizziness, buzzing noise, rapid pulse, headache, blurred
vision.
9 May faint or become unconscious.
6 Movement convulsive, breathing stops, shortly afterwards
heart stops.

The flame of a safety lamp or candle is extinguished when
the oxygen level falls to about 16 per cent. A carbide-lamp
flame will burn in an atmosphere containing as little as 12.5
per cent of oxygen.
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COLOUR: None.
ODOUR: None.
TASTE:  None.

OTHER: Oxygen deficiency is detected by a candle or safety lamp. The
flame will go out when the oxygen level falls 1o approximately 16%
HOW DEPLETED
Oxygen deficiency is caused by humans breathing in confined space,
absorption of oxygen by water, cor ption of oxygen by fire, etc.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS

Mine air should contain at least 18% oxygen. High co ions are not
harmtul, but oxygen is ial to life. Symptoms of oxygen deficiency are
buzzing in the ears, rapid breathing, confusion of the mind, and ultimately
death.

TREATMENT OF PERSONS AFFECTED BY OXYGEN DEFICIENCY
Remove to fresh air. Give oxygen and atificial respiration if breathing

has stopped.

Figure 3-14. Oxygen — key characteristics.

As oxygen is more soluble in water than nitrogen, air
exposed to water in a confined area will probably have a
lowered oxygen content. As an example, the oxygen content
of the air from a hydraulic compressed air plant is lowered to
about 17.7 per cent with a consequent rise in the nitrogen
content.

Oxygen levels higher than the normal 20 to 21 per cent
apparently have no injurious effects. This is found to be the
case in the use of self-contained oxygen breathing apparatus.
There is no noticeable effect after successive periods of use.
High oxygen levels, as used with the oxygen breathing
apparatus, help men to work with less fatigue. However, it is
dangerous to breathe pure oxygen at a pressure much higher
than 100 kilopascals (15 psi) for a very long time. The
irritating effects of oxygen are only found in human beings
after they have heen exposed to an atmosphere containing 80
per cent oxygen for 48 hours or more.

The effects of oxygen deficiency near or below sea level
are the same as those due to the reduction of oxygen at high
altitudes. At approximately 7 per cent oxygen the face
becomes leaden in colour, the mind is confused and the
senses dulled. When there is no oxygen in the atmosphere
loss of consciousness occurs in a few seconds, without any
warning symptoms. Loss of consciousness in air deprived of
oxygen is quicker than in drowning; not only is the supply of
oxygen cut off, but oxygen already in the lungs is quickly
used up. Loss of consciousness is quickly followed by
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convulsions, then by cessation of breathing. Oxygen levels
may be low enough to endanger life before the danger is
realized.
Some of the causes of oxygen deficiency underground are:
® Absorption by water or certain types of rock, ore or fill.
® The breathing of people in corifined space.
® Displacement by carbon dioxide, carbon monoxide or
other gases.
® Heating conditions or combusion.

PROPANE (C,Hjg)

Propane, a liquefied petroleum gas also referred to as
bottled gas, has become very popular as a temporary heat
source on construction sites for heating tar kettles and many
other applications associated with construction work. Com-
mon sense handling, and using propane with properly
designed equipment, makes it a safe, useful and economical
fuel. Its key characteristics are summarized in Figure 3-15.

Propane is extracted from natural and refinery gases. It is
normally a vapour at temperatures above its boiling point
(—42°C; —44°F). The boiling point is the temperature at
which the liquid gas will convert into vapour at atmospheric
pressure. It is compressed into a liquid state and will remain a
liquid under pressure when stored ih special pressure-
containers such as cylinders.
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PROPERTIES
COLOUR: None.
ODOUR: None, commercially scented.
TASTE: None.
OTHER: Inflammable and explosive.
HOW FORMED
Commercially produced petroleum distillate.
THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
TVA/TWA = 1000 ppm for 8 hours or 500 ppm for 12 hours. Displaces
oxygen.
TREATMENT OF AFFECTED PERSONS
Ventilation. Remove to fresh air. Give oxygen and artificial respiration
it breathing has stopped.

Figure 3-15. Propane ~ key characteristics.



USE AND STORAGE OF PROPANE CYLINDERS

Always use, store and transport cylinders in an upright
position. In this position the relief valve section of the
cylinder valve is in contact with vapour space in the cylinder,
as it is intended to be: Propane containers are never charged
completely full of liquid. A vapour space must be maintained
above the liquid level to allow for liquid expansion caused by
increased temperature. Standard cyliudars are charged with
45 kilograms (100 pounds) of liquid gas.

Do not use, store or transport cylinders in a horizontal
position. Cylinders lying horizontally allow liquid gas to
reach the relief valve. If it were required to function, due to
abnormal pressure, liquid gas would escape from the valve. It
would also allow liquid to flow to vapour-consuming
appliances. Both conditions are unsafe.

Vapour-withdrawal containers are normally used with tem-
porary heaters and for other applications araund construction
sites. Liquid-withdrawal propane cylinders are also avail-
able. They are used for specialized applications, as with tar
kettles or compound heaters using special self-vaporizing
liquid burners. These cylinders are to be used outdoors only.
They are identified by a tag on the cylinder valve marked
LIQUID and are painted a distinctive colour. DO NOT
ATTEMPT TO INTERCHANGE LIQUID-WITHDRAWAL
CYLINDERS WITH VAPOUR TYPE.

Liquid-withdrawal cylinders are to be used in the upright
position; they have a dip tube extending to the bottom of the
cylinder so liquid propane is withdrawn through the valve.
However, the relief valve is in commuirication with the
vapour space in the cylinder, as with the vapour-withdrawal

type.

Propane is odourless but additives give it a foul and
uncommon smell so that leaking gas can be detected before a
flammable mixture has accumulated. Should you detect a
smell of gas, close the valve at the container and, if unable to
remedy the source of leak, call your propane serviceman.

Propane vapour is heavier than air. Any escaping gas will
seek out low places, such as'excavations, to collect and create
flammable mixtures. Never use matches or fire to check for
leaks; use soap solution that will create bubbles at the point of
leak.

The heat required to convert liquid propane into vapour
within the container is obtained from surrounding air when
the temperature is above —42°C ( — 44°F), This heat transfer
is limited to the area wetted by the liquid in the container at
time of use. Withdrawal from the container at a rate greater
than this heat-transfer capacity will cause refrigeration of the
liquid gas. It will reduce both the temperature and pressure
within the container and cause heavy frost accumulations on
the outside, at about its liquid level line. This signifies the
load on the container is becoming too great for efficient
operation.

‘When using propane, make sure cylinders are placed on a
solid footing or secured to prevent tipping and falling over.
The thawing of ice or frozen ground should be anticipated.
Full and empty cylinders not in use should be stored on a solid
footing, at ground level in a specified area outdoors, where
they will be protected against abnormal increases in tempera-
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ture, tipping over, physical damage, or tampering. Cylinder
valves must be closed and valve-protecting collars or caps in
place.

When in use, place cylinders and pressure-regulating
equipment where they will not be damaged, at least 3 metres
(10 feet) away from heating appliances. Shield cylinders
from radiated or blower heat at all times. Protect hoses or
piping from damaging traffic and excessive heat. Cylinder
valves must be protected from physical damage with valve-
protecting collars while in use, and with collars or caps while
in transit or storage. Use only hoses and regulating equip-
ment approved for liquefied petroleum gas propane services.
Hoses and fittings rated for 125-pound (60-kilogram) work-
ing pressures are not to be used for liquid gas services,
however, hose and fittings rated for liquefied petroleum gas
[350-pound (160-kilogram) working pressure] may also be
used on vapour services.

When converting to vapour, liquid propane will expand to
about 270 times its liquid volume. This explains why so
much heating value can be stored in small containers. It also
explains why escaping liquid gas is more dangerous than
vapour escaping from a leak of the same size.

It is recommended that only one propane cylinder be
attached to each temporary heater when installed inside
buildings under construction. Under special conditions,
where additional cylinders are required, no more than three
cylinders [total 300 pounds (135 kilograms) of gas] shall be
manifolded together. Where more than one manifold is
required for multiple heater installations, separate the man-
ifolds by at least 15 metres (50 feet). Cylinders must be at
least 3.5 metres (12 feet) from heaters. Regulators must be
connected directly to cylinder valves or otherwise adequately
supported.

Excess-flow check valves are supplied as a safety feature
with propane equipment, either as an integral part of the
cylinder valve, the pressure regulator irlet connector, or
manifold fittings for attachment to the cylinders. The func-
tion of these check valves is to shut off the flow of gas from
cylinders in the event they are accidently tipped over and the
regulator or manifold connectors are broken off.

Always open cylinder valves very slowly to prevent pre-
mature closing of these check valves. If the cylinder valve is
opened too fast, close the check valve, shut off the cylinder
valve, wait a minute for the check valve to open again, and
then very slowly open the cylinder valve until the line to the
heater is full of gas. When this has been done, open the
cylinder valve fully as a partially open valve will not permit
the excess-flow check valve to function properly. Do not
force the cylinder valve open beyond the normal stop (this is
approximately one and one-half to two turns of the valve
handle).

Always use hcating appliances equipped for use with
liquefied petroleum gas approved safety shut-off valves, soi
that in the event pilot lights are extinguished, the gas supply
to. the :apptiances will be automatically shut off. Do not use
appliances utilizing bimetal strips for a safety shut-off as they
are not approved for liquefied petroleum gas services.

Do not operate gas appliances in confined or unventilated
areas. Propane needs air for combustion. Most buildings
under construction will have adequate ventilation, but where



space is confined, provide ventilation (near the floor and
ceiling level) to carry off the products of combustion and to
provide air for good combustion.

Do not drop cylinders. Be sure the valve-protecting cap is
in place and the cylinder valve closed when moving them.
Check gas connectians for leaks with soap solutions, never
with matches or flame.

Check with your insurance underwriter and with the local
authorities (safety inspection) having jurisdiction for
approvals or any additional requirements.

SULPHUR DIOXIDE (SO,)

Sulphur dioxide is another gas produced by burning sul-
phide ores, by blasting in sulphide ores or explosions of
sulphide ore dust. Some diesel fuels also produce sulphur
dioxide when used in a diesel engine.

The gas has a strong sulphurous smell which is suffocating
and very irritating to breathe (Figure 3-16). It is so irritating
that it cannot be tolerated for any length of time in dangerous
concentrations. It is colourless and has a distinctly acid taste.
A person’s natural reaction to the smell of the gas is to get out
of it and this, of course, is the best thing to do.

If forced to breathe this gas for any length of time,
coughing and nausea result. The gas will affect the lungs in
much the same way as oxides of nitrogen and hydrogen

TABLE 3-9
PHYSIOLOGICAL EFFECTS OF SULPHUR DIOXIDE

Concentration of Sulphur Dioxide

per Per Cent

Million Effect

2 0.0002 Maximum allowable for an 8-hour day.

20 0.002 Coughing, irritation of eyes, nose and
throat.
150 0.015 May be endured for several minutes.
400 0.04 Impossible to breathe.
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sulphide. Irritation of the respiratory tract and lungs will
cause oedema (Table 3-9).

Sulphur dioxide is highly soluble in water, in fact it is one
of the most soluble gases found in mines. Like chlorine, itis a
very heavy gas and will accumulate in low places.

SULPHUR DIOXIDE (SO,)

RELATIVE WEIGHT EXPLOSIVE RANGE
{per cent)
- 90 »
— SEEKS
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— 20 »| H
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NON-FLAMMABLE

PROPERTIES
COLOUR: None.
ODOUR: Strong, pungent sulphurous smell.
TASTE: Acid taste.
OTHER: Very irritating to breathe

HOW FORMED
Burning sulphide ores, blasting in sulphide ores, sulphide dust explosions,
and some diesel fuels.

THRESHOLD LIMIT VALUE AND EFFECT ON HUMANS
TLV/TWA = 2 ppm. Causes irritation of eyes, throat and lungs; intolerabie to
breathe in dangerous concentrations.

TREATMENT OF AFFECTED PERSONS
Remove to fresh air. Give oxygen and artificial respiration if breathing has
stopped. Obtain medical aid.

Figure 3-16. Sulphur dioxide — key characteristics.
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TABLE 3-10

CHART OF MINE GASES
Solubility
Relative weight grams per Threshold
Name Symbol (air=1) 100 cc Properties How formed When dangerous imit value How detected Flammable  Explosive Effect Treatment
water at
AI°F
Acetylene C,H, R.W. =091 0.05 Gas Water on calcium  Explosive range Odour Yes Yes Displaces As for O,
Inflammable carbide. 2.8%-81%. Tank oxygen. deficiency.
Colourless may explode on
Distinct odour shock, i.e., by
dropping; pressure
sensitive above 15
psi.
Air Air RW.=1.0 0.00295 Colourless Constituents If O, falls below  Minimum  For O, with safety No No If O, below and  Ventilation. Fresh
Odourless 0, 20.94% 16% or when 19.5% to lamp and gas man working air. If unconscious,
Tasteless N, 78.09% poisonous gases  18%. O, for detection. 17% panting, give artificial
C0,0.03% enter. 8 hours. 15% dizziness,  respiration.
Traces of 9% collapse, 7%
other gases. fatal.
Ammonia NH; R.W.=0.6 Highly Colourless Combination of When exposed to 25 ppm Odour detector. Yes Yes Corrosive irritant Fresh air, rest.
soluble in  Strong odour hydrogen and oxidizing to eyes, nose,
water Caustic action nitrogen with substances and throat and lungs.
catalytic action. heat, becomes
explosive,
Cartbon  CO, Much heavier  1.237 Colourless Normal constituent Above 2% causes Maximum  Analysis of No No At 2% increases  Provide fresh air
dioxide than air Odourless of mine air. From  greatly increased  0.5% for vacuum bottle lung ventilation  and oxygen. If
RW.=1.53 Tasteless in low  breathing of humans lung ventilation up 8-hour sample. Detectors. by 50%. At 3% unconscious, give
concentrations.  and animals, from  to collapse. exposure. Displaces O, and increases artificial
Acid taste in decay of animal and will therefore ventilation by respiration.
high vegetable matter. extinguish lamp at 100%. At 5%
concentrations.  Released from high increases
Induces rapid thermal water and concentration. ventilation by
breathing. from some rock 300%. May
/ strata, Mine fires. displace oxygen.
Carbon CO Lighter than air  0.003559  Colourless From incomplete Depends on 0.005% or  CO detector, Yes, in certain 12.5-  Headache, Fresh air, O, if
monoxide R.W.=0.97 Odourless combustion. concentration and 50 ppm; canary, vacuum cancentrations. 75.0%  nausea, death. nauseated or
Tasteless Blasting, diesel length of 8-hour bottle sample, Dangerous after- unconscious.
Poisonous exhaust, exposure. 0.4%  exposure assay. effects. Pink to  Artificial
underground fires.  death in less than ~ maximum. red skin colour.  respiration if not
1 hour. 0.15- breathing. Rest.
0.20% for 1 hour.
0.04% for 1'/2
hour. Headache
and nausea.
Chlorine Cl, Much heavier  1.06 Greenish yellow Various ways Above 1 ppm. 1 ppm. Odour No No Corrosive irritant  As for oxides of
than air gas chemically but to eyes, skin, nitrogen.
R.W.=2.49 principally from lungs, etc. Use
electrolysis of Type “N”" mask
common salt. up to 2%

concentration.
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TABLE 3-10 — Continued

CHART OF MINE GASES
Solubility
Relative weight grams per Threshold
Name Symbol (air=1) 100 cc Properties How formed When dangerous limi 0 How detected Flammable  Explosive Effect Treatment
water at mit value
41°F
Hydrogen H, Lighter than air  0.0001756 Colourless Thermal water. No harmful Laboratory Yes Yes, 4.1-  None, except
R.W. =0.0695 Odourless Battery charging.  effects. analysis of gas 74% with  may displace O,. Treat for low O,.
Tasteless Electrolysis of sample. Would as little as
water. Product of give indication on 5% O,.
incomplete detectors using Violently
combustion in Wheatstone bridge explosive
explosions and mine resistance 7-8%.
fires. Corrosive measurement.
action of strong
acids on metal
(iron).
Hydrogen HCN Slightly lighter  Slightly Smell of bitter ~ Hydrochloric acid 10 ppm 10 ppm Smell of bitter Gas-yes Gas-yes  Paralyzes Fresh air. Give
cyanide; than air soluble almonds. Deadly on sodium or almonds. Detector. respiratory cyanide antidote as
Prussic R.W.=0.0941 poison. potassium cyanide. system directed. Get
acid May occur in mill developing doctor. Type “N"
areas where cyanide chemical canister not
is used. Produced asphyxia. satisfactory.
during heat treating Absorbed Special cyanide
of drill steel. May through skin as  type canister
be released from well as in lungs. required. Use
tailings where mask with extreme
cyanide has been caution.
used for mineral
recovery.
Hydrogen H,S A little heavier 0.5276 Colourless. Decomposition of  +0.01% acute 0.001% or  Rotten-egg odour.  Yes, 4.3-45%  Yes, 4.3—  Sense of smell  Fresh air. Artificial
sulphide than air Smell of rotten ~ some sulphur poisoning. 0.07% 10 ppm for 8 Detectors. Eye ifenough O,.  45% will  deadened. After respiration if
R.W.=1.19 eggs. Irritates compounds. rapid hours. irritation. explode. 1 or 2 inhalations unconscious. Get
eyes and Blasting in sulphide unconsciousness. will paralyze the to doctor.
respiratory tract. ores. Hydrochloric  +0.05% respiratory
Poisonous. acid spilled on dangerous. +'/2 system.
sulphide concentrate hour 0.002—
or ore. Thermal 0.003%*.
waters. Underwater
decomposition of
vegetable matter.
MAPP Mixture R.W.=1.58 Slightly Liquefied gas Commercially Explosive range 1000 ppm  Odour Yes Yes Displaces As for O,
soluble Inflammable manufactured. 1.8-11.7%. oxygen. deficiency.
Colourless
Distinct odour
Methane CH, Much lighter ~ 0.00717 Colourless Decay of certain When displaces O, Withdrawal Flame safety lamp Yes Yes, see No effect As for O,
than air Odourless bacteria or organic  or explosive when point for when in excess of column 8. physiologically  deficiency.
R.W.=0.55 Tasteless matter in coal 5-15% present men 2.5%. 1.25%. Methane Maximum  except can
measures and in with at least 12%  Electric detector. explosive  displace O,.
some metal mines in O,. motors force at
contact with stopped at 9.0%.
carbonaceous rock. 1.25%.
Decaying timber. Blasting
stopped at

1%.




8¢

TABLE 3-10 — Continued

CHART OF MINE GASES
Solubility
Relative weight grams per hold
Name Symbol (air=1) 100 cc Properties How formed When dangerous mm"“ esho How detected Flammable  Explosive Effect Treatment
water at t value
A1I°F
Nitrogen N, A trifle lighter  0.002365  Colourless Normal constituent High N, Maximum  Analysis of No No No effect but O, Provide fresh air.
than air Odourless df mine air. Highly concentration, 81% for vacuum bottle shortage If unconscious,
R.W.=0.97 Tasteless concentrated N, has  displaces O, in air. 8-hour sample. Displaces exprienced in give artificial
Acts as a dilutant been reported to exposure. O, and will high respiration.
of O, in air. issue from rock therefore concentrations.
strata in some extinguish lamp at
mines. high ‘
concentrations.
Oxides of NO Heavier than air NO, Colourless in low From blasting or 0.01% may be 0.0003% or Detector No No Toxic, will cause Complete rest.
Nitrogen NO, RW.=1.59 0.007747  concentration.  burning of fatal in !/2 hour. 3 ppm oedema of lungs. Give O,. See
N0, Reddish brown in dynamite. Diesel maximum Delayed effect.  doctor and advise
N,O, high exhaust. Burning or exposure at of exposure to
20 concentrations.  decomposition of any time. oxides of nitrogen.
N,0, Odourless nitrates or nitrated
N,O4 Tasteless material.
Poisonous
Oxygen O, A trifle heavier 0.005498  Colourless Regenerated by See air. See air. Safety lamp and No No See air See air.
than air : Odourless plant life. candle go out at
Rw.=1.1 Tasteless 16.25% O,.
Non-poisonous at Carbide light goes
ordinary out at 12.5% O,.
temperatures and
pressures.
Powder  Consists of  About the same N.A Smoky odour of  Product of When CO and Regulated by Odour, colour of  Yes, if Yes, under Headache, Remove to fresh
smoke small as air. nitrous fumes. incomplete NO, content above Mines Act on nitrous fumes. CO  flammable certain dizziness, air or give O,. If
particles of Irritates eyes, has combustion during  acceptable limit.  use of and NO, gases are conditions. nausea, throat  unconscious, give
carbon, tarry CO and NO, blasting. explosives.  detectors. present in irritation. artificial
substances, mixed in it. sufficient respiration.
solid and Poisonous. quantity.
liquid matter
in air.
Propane  C;Hg R.W.=1.56 0.1 approx. Gas Petroleum distillate. Explosive range 1000 ppm Safety lamp, Yes Yes Displaces As for oxygen
Inflammable 2.4-9.5%. methanometer. oxygen. deficiency.
Tasteles
Colourless
Odourless
Scented
commercially
Sulphur SO, Much heavier ~ Highly Colourless Blasting in or 400 ppm 0.0002% or Odour of burning No No Irritating to eyes, Fresh air. Artificial
dioxide than air soluble in  Suffocating burning of sulphide dangerous even for 2 ppm for 8 sulphur. Irritating throat and lungs. respiration if not
R.W.=2.20 water Irritating with ores. Some diesel  short exposure. 50 hours to eyes and Produces oedema breathing. Get to
16.80 strong sulphur  fuels may have ppm subacute exposure. respiratory tract. of lungs. doctor.
smell, acid taste, appreciable sulphur poisoning. Detector.
poisonous. present and will Irritation to throat
form SO, on and lungs. 20 ppm
burning. irritating to eyes.

Coughing caused.




CHAPTER 4

OXYGEN THERAPY

TRAINING OBJECTIVES

In the previous chapter, the instruction “Give oxygen”
appears frequently in the treatment recommended for people
overcome by toxic gas. Clearly it is imperative that all
members of mine rescue crews be familiar with the tech-
niques of oxygen therapy.

The objectives of this chapter are to ensure that trainees
know and understand the following:

©® The benefits of oxygen therapy.
— How to recognize improvement in the patient’s
condition.
© When to use oxygen therapy.
— How to recognize general hypoxia.
©® The hazards of oxygen therapy.
— The hazard of open flame.
— The hazard of static electricity.
— The hazard of oil and grease.

— The hazard of using oxygen therapy on patients
suffering from chronic obstructive pulmonary dis-
ease (COPD).

® The assembly and use of oxygen-therapy equipment.

— The procedure for safe handling of oxygen cylin-
ders, regulators and masks.

— How to test and refill oxygen cylinders.

— How to assemble the component parts of an oxygen-
therapy unit.

— The procedure for starting and controlling oxygen
flow.

— How to administer a measured flow of oxygen.

— How to calculate the duration of flow from a
cylinder.

Students will be required to demonstrate the ability to
assemble all component parts and produce oxygen at a
specified flow rate.

WHEN TO USE OXYGEN THERAPY

Oxygen is essential to life and for normal cell function.
Any condition that affects the supply, transport or exchange
of oxygen for carbon dioxide in the bloodstream can cause
hypoxia, inadequate oxygenation of body tissues (Figure
4-1). Supplementary oxygen during treatment for injuries
may significantly increase a victim’s chances of survival.
Direct mouth-to-mouth resuscitation is the simplest and
fastest way to provide it, but only delivers 16 per cent
oxygen. An oxygen-therapy unit provides more concentrated
oxygen and is therefore much more effective. Industrial
operations and many residential camps and parks have
oxygen-therapy units available, but they should only be
operated by persons knowledgable and well trained in how
and when to use them.
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CONDITIONS CAUSING HYPOXIA

Figure 4-1. Conditions causing hypoxia.

A patient with the following symptoms may be hypoxic
and will benefit from supplementary oxygen:

@ Increased respiratory rate.
¢ Pallor.

@ Agitation and irritability.
® Nausea.

® Drowsiness.

® Dyspnea.

® Cyanosis.

® Confusion.

® Vomiting.

® Headache.

@ Loss of consciousness.

BENEFITS OF OXYGEN THERAPY
The benefits of oxygen therapy, which should always be
explained to the patient, include:

® Increases oxygen supply to injured tissue and thus
promotes healing.

® Increases the amount of oxygen carried to vital organs
(the brain in particular) by the available blood supply.

® Improves the function of the heart by:
— providing extra nourishment to the heart muscle.

— reducing the volume of blood that must be pumped
by each heartbeat.
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® Reduces unnecessary movement of chest, diaphragm
and abdomen (expansion of the chest is not as great).
This will reduce pain in injuries to these areas.

® Enriches the oxygen content of the reduced volume of
air reaching the lungs in the event of partial respiratory
obstruction.

® Improves the tone of muscular walls of blood vessels.

® Improves gaseous exchange in congested lungs and
within tissue spaces.

Improvement in the patlent’s condition will be indicated
by:

® Slowing pulse rate.

® Loss of pallor, improving colour.

® Reduced pain.

® Reduced apprehension and restlessness.

@ Reduced dilation of the pupils of the eyes.

CONTRA-INDICATIONS: PATIENTS WITH
CHRONIC BREATHING PROBLEMS

There are many conditions where the use of oxygen
therapy will be beneficial, even when the patient appears to
be breathing normally. However, patients with a chronic
obstructive pulmonary disease (COPD), such as emphysema
or chronic bronchitis, may react adversely. In these condi-
tions, high levels of carbon dioxide accumulate in the blood
and gradually desensitize the brain to its presence. Normally,
high levels of carbon dioxide in the blood signal the need to
increase the respiration rate. In patients with COPD this
reflex is lost, so the breathing response is triggered by low
levels of oxygen; however, as the amount of oxygen in the
blood must fall to almost half its normal level before this
happens, COPD patients are frequently hypoxic. Administer-
ing oxygen to such a patient removes the trigger, causing a
further decrease in respiration rate. Extremely high levels of
carbon dioxide accumulate and can lead to confusion, uncon-
sciousness, and eventual death by respiratory arrest.

Oxygen should still be administered to COPD patients, but
at a low flow-rate of approximately 1 to 2 litres per minute. If
severe hypoxia is evident, the flow-raie can be increased, but
the patient must be monitored carefully for signs of respira-
tory depression.

THE OXYGEN-THERAPY UNIT

The oxygen-therapy unit has three essential components;
an oxygen cylinder, a regulator and facemack (Figure 4-2):

Oxygen cylinders: Oxygen is supplied in the form of
compressed gas contained in a steel or aluminum cylinder.
The gas is compressed to between 2000 and 2200 pounds per
square inch (approximately 15 000 kPa). The size and capac-
ity of cylinders varies according to manufacturer’s standards,
and is designated by a letter. There are three types of medical-
oxygen cylinder iti common use in British Columbia: the D
and E-size units and Stewart Oxygen Service (SOS) units. At
times, in remote locations, commercial-welding oxygen cyl-
inders are used because of their large capacity [size K; 6.9
cubic metres (245 cubic feet)].

BAG-VALVE-MASK VENTLATOR CROPHARYNGEAL AMNAYS '

Figure 4-2. Oxygen-therapy equipment; regulator,
gauges and facepieces.

Pressure regulators: A regulator reduces the pressure of
gas leaving the cylinder to 40 to 70 psi (275-485 kPa) an
acceptable range for administration. Two gauges are usually
mounted on the regulator; one measures the pressure remain-
ing in the tank and the other the rate of oxygen flow. The
regulator is attached to the cylinder by a yoke. Each yoke is
pin-indexed to fit only medical-oxygen cylinders, eliminat-
ing the risk of connecting the wrong kind of gas (Figure 4-3).
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Figure 4-3. Regulator, pin-indexed yoke and medical post;
D-size medical-oxygen unit.

Larger cylinders are usually threaded instead of pin-indexed,
and accept screw-on regulators with the same diameter
thread. A larger regulator and gauges with a female 540-
thread fit directly onto the male threads on K-size
commercial-welding cylinders (Figure 4-4).

It is important to remember that each type of regulator and
gauges fits only one type of cylinder. Connecting mismatched
cylinders and regulators requires the use of an appropriate
adaptor. The adaptor used to connect the smaller sized pin-
indexed regulator and gauges to the larger 540-thread com-
mercial cylinder is illustrated in Figure 4-5. Similarly, the
larger 540-thread regulator can be fitted onto pin-indexed
medical cylinders using the adaptor yoke illustrated in Figure
4-6. It is not necessary to use both types of adaptors. Either
type is effective and the choice is up to the company
providing the first aid services.

Facemask: Several models of face mask are in common
use.



Figure 4-5. Assembly of (left to right) commercial oxygen cylinder, adaptor for connecting pin-indexed regulator to 540-thread
commercial oxygen cylinder, and pin-indexed regulator.

Figure 4-6. Assembly of (left to right) 540-thread regulator, adaptor yoke for connecting pin-indexed medical post to 540-thread
regulator, and medical-oxygen cylinder.
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OPERATING PROCEDURE

When oxygen cylinders are received from the supplier or
returned after being recharged, there is usually a piece of
plastic tape covering the oxygen aperture and a new gasket
underneath the tape. Before attaching axygen-delivery
equipment to the cylinder, the tape must be removed and the
cylinder *‘cracked”. This means opening the valve on top of
the medical post to allow some oxygen to escape. This clears
any dust or foreign material that may have lodged in the
aperture.

When the yoke is placed in position over the medical post
and the gasket is in place, the yoke is tightened with the hand
screw. BEFORE OPENING THE VALVE ON THE CYLIN-
DER, ENSURE THAT THE REGULATOR IS TURNED
OFE Turn the valve counterclockwise at least one full turn
and watch the pressure gauge. The gauge should indicate the
pressure in the cylinder.

The procedure for administering oxygen therapy is sum-
marized as follows:

® Reassure the patient and explain the benefits of oxygen
therapy. Many patients have never seen oxygen equip-
ment and it may cause some uneasiness or alarm. A
mask can feel quite suffocating to a hypoxic patient.

Check for a history of respiratory disorders.
Attach the appropriate facepiece to the oxygen unit.
Ensure that nobody is smoking in the vicinity.

Slowly open the main cylinder valve until the iank
pressure registers on the pressure gauge.

Open the flow-meter valve until the desired flow-rate is
reached and wait a few seconds for the line to clear of
motsture and dust. It is reassuring to allow the patient to
hold the mask to his face with the oxygen flowing, and
when he is accustomed to it, slip the elastic band of the
mask over his head to hold the mask in position.

® A patient with severe hypoxia should be started on a
flow of 10 litres per minute, decreasing the flow as the
patient’s condition improves. A flow of 4 to 6 litres per
minute should be sufficient for a mildly hypoxic
patient.

@ Calculate the duration of flow as the oxygen may have to
be rationed. A low flow over a longer period is usually
more beneficial than abruptly stopping a high flow. A
rule of thumb for determining the duration of oxygen
supply from a D-size medical-oxygen bottle is about 3
minutes far every 690 kPa (100 psi) at a flow-rate of 6

TABLE 4-1

APPROXIMATE DURATION OF OXYGEN FLOW
FOR K-SIZE CYLINDERS

[6.9 cubic metre (245 cubic foot) capacity]

Pressure Flow Rate
kPa psi 6 L/min. 8 L/min. 10 L/min.
13800 2000 17 hr. 30 min. 13 hr. 10 hr. 30 min.
10350 1500 13 hr 9 hr. 50 min. 7 hr. 50 min.
6900 1000 8 hr. 45 min. 6 hr. 30 min. S hr. 15 min.
3450 500 4 hr. 20 min. 3 hr. 15 min. 2 hr. 35 min.
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litres per minute; 2.5 minutes at a flow of 8 litres per
minute, and 2 minutes at a rate of 10 litres per minute:
i.e.
“D” 13 800 kPa (2000 Ibs.) @ 6 LPM =3.0X 20 =60 minutes
10 350 kPa (1500 Ibs.) @ 10 LPM =2.0 X 15 =30 minutes
6900 kPa (1000 1bs.) @ 8 LPM =2.5x 10=25 minutes
The approximate duration of oxygen flow from K-size
ccmimercial-welding cylinders at varying pressures is
shown in Table 4-1.
® Record details of oxygen therapy on the patient’s
monitoring chart, including start and finish time, and
flow-rate. This information will be useful to medical
pemsonnel interpreting changes in the patient’s vital
signs.
® When therapy is complete, shut off the flow-meter valve
until the gauge reads zero.
@ Shut off the main cylinder valve.
® Reopen the flow-meter valve o bleed out residual air.

® Close the flow-meter valve. Gauges can be damaged if
stored under continuous pressure.

® Check the amount of oxygen left in the cylinder to
ensure having an adequate amount for any emergency.

® Clean the facemask with soap and water and use a good
antiseptic (not alcohol) to wipe the mask after rinsing
with clear water. Plastic facemasks must not be auto-
claved or boiled.

CYLINDER REPLACEMENT
The procedure for replacing an empty cylinder is essen-
tially the same as for the initial hook-up:
® Ensure the cylinder is upright. The operator should face
away from the yoke.
® Slowly open or ‘““crack’ the new tank with the wrench
provided with the unit. Once a jet of gas has been
released, quickly close the valve.
® Check to ensure that the pressure regulator is the proper
type for the cylinder and attach it securely to the tank.

STORAGE AND SAFE HANDLING OF GAS
CYLINDERS

Oxygen bottles, and all other cylinders containing high-
pressure gas, must be treated with care and respect. The
following precautions should be observed:

& When moving cylinders, the valve-protector cap must

be in place; never hoist a cylinder by the protective cap.
® If moved by crane, cylinders should be in a proper
cradle or other safe container.

® Never use a sling or an electromagnet to lift cylinders.

® Avoid dropping cylinders on the ground; they could

burst or valves might be broken off or seriously
damaged. Dragging or sliding cylinders across the
ground may also result in damage.

® When moving cylinders, use a cylinder-truck; cylinders

must be upright and well secured.

® When in use, cylinders must either be on a truck or

chained to a firm support so they will not topple over.
® Cylinders must never be used as rollers or supports for
anything.



® Never try to transfer gas, even the same gas, from one
cylinder to another. Never mix gases in a cylinder or try
to fill a cylinder that has contained one gas, with another
gas.

Cylinders should be stored in specifically assigned
places, away from elevators, stairs or gangways.

Never strike an electric arc on a cylinder.

Avoid placing cylinders where they may become part of
an electric circuit and cause a fire through accidental
arcing.

Keep cylinders well away from open flames (including
welding and cutting torches), electric arcs, molten metal
or slag, sparks, and excessive heat of all kinds. Even
exposure to the hot sun for long periods may cause a
dangerous rise in gas pressure inside the cylinder.

Always check carefully for, and eliminate, any gas leaks
at cylinder valves, regulators and torch connections.
This reduces the possibility of fire resulting from flying
sparks and explosive atmospheres developing during
periods of non-use. Use soapy water, never an open
flame, to check for leaks.

A leaking cylinder must be taken out-of-doors and
clearly tagged if the leak cannot be stopped by tighten-
ing the valve packing nut. Return the cylinder to the
supplier when empty; it is illegal to ship a leaking
cylinder because of the obvious hazards involved.

this effect should be posted conspicuously in all First
Aid rooms.

Crack the cylinder valve, to clear any foreign matter
blocking the aperture, before connecting the regulator
and gauges. Turn the opening away from you while
doing so.

Stand to one side when attaching pressure regulators or
opening valves; a loose regulator can blow off with a
force sufficient to inflict serious injury.

After the regulator is in place, attach the facepiece,
making sure that the flow-regulating valve is in the OFF
position, then turn on the cylinder valve. Read the tank-
pressure gauge. When certain that the regulator is
properly mounted and this gauge is operating properly,
open the flow-meter valve to obtain the desired rate of
flow. Allow a few seconds for the line to clear of
moisture and dust and then apply the mask or facepiece
to the patient.

Do not use electrical heating devices or infrared lamps
on a patient while oxygen therapy is in progress.
UNQUALIFIED PERSONS SHOULD NEVER,
UNDER ANY CIRCUMSTANCES, ATTEMPT TO
REFILL A CYLINDER. The refilling of small cylin-
ders from larger ones is extremely hazardous and should
be avoided. Return your empty cylinders to qualified
recharging plants for refilling under recognized safety
and control procedures.

Whether in service, storage or transit from one to the
other, keep oxygen cylinders in a box ar secured in an

SAFE PRACTICES IN OXYGEN THERAPY

To summarize, safe practices in oxygen therapy require
that the following rules are strictly observed:
® Keep oil, grease, greasy clothing and similar substances
away from the yoke, regulators, valves, hoses, mask or
patient. Remember that oil coming in contact with
oxygen under high pressure may explode.

® Remember that although oxygen does not burn or
explode, it does aid combustion. No smoking should be h
allowed anywhere near the unit. Make sure your patient
is not carrying matches or smoking materials. This NO
SMOKING rule must be rigidly enforced, and signs to

upright position. Do not allow them to be dropped or to
strike each other violently as a valve may open and the
cylinder could become a dangerous projectile.

® Do not store oxygen cylinders near flammable or com-
bustible materials such as oil, grease, gasoline, alcohol
or ether; or near sources of heat such as boilers or steam
pipes. Keep them in a cool, well-ventilated place.

® Keep the regulator and hose closed when not in use.

Test oxygen cylinders at least every 10 years to ensure
that they can still safely hold high pressure.

Observance of these rules may prevent serious and
utterly unwarranted accidents.
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CHAPTER 5

GAS-DETECTION INSTRUMENTS

TRAINING OBJECTIVES

The objectives of this chapter are to ensure that trainees
understand the methods used for detecting and monitoring
mine gases and airborne contaminants, and are familiar with
the following detection instruments:

Flame safety lamp.

® Gas-detector pump and Driger tube.
® QGastec gas detector.
°
®

Vacuum bottle and vacu-sampler.
Electronic gas-testing devices.
J-W gas detector.

Students will be required to demonstrate the ability to use all
these instruments effectively.

INTRODUCTION

Gas detectors are used to measure the concentration of a
gas. There are two basic types; the sample tube and the
electronic sensor. A few of the more common types, in use at
many mine properties, are described here. There are many
other makes and models. Mine rescue crews must become
thoroughly familiar with the instruments in use at the mine
where they work. Details of the operation of each make and
model will be found in the manufacturer’s instructions.

Numerous consumer and industrial products, many of
which are potentially dangerous, are in common use at many
mine properties. Mine rescue personnel must become famil-
iar with where the products are stored and used. Preplanning
for emergency situations resulting from accidents involving
any hazardous product is essential. Pertinent information on
various products and materials can be obtained by reading
hazardous product legislation and from the manufacturers.

FLAME SAFETY LAMP

The flame safety lamp is a device used for determining if
the mine atmosphere will or will not support combustion or
life, and for detecting methane gas and the presence of excess
nitrogen or black damp in mine air. The Koehler flame safety
lamp is illustrated in Figures 5-1 and 5-2.

The lamp has three gauzes, burns naphtha and is magnet-
ically key locked. Magnetically locked safety lamps are the
only permissible flame safety lamps to be used when flamm-
able gases are present. The magnet to open them must not be
used in the presence of a flammable gas.

The air feeding the lamp enters through a single gauze
below the wick and the gases of combustion from the lamp
exit above the wick, through double gauzes. These gauzes are
made of steel-wire mesh having 11 wires to the centimetre
(28 wires to the inch) or 121 openings to the square centi-
metre (784 openings to the square inch). The gases of
combustion pass through the double gauzes and are cooled by
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KOEHLER FLAME SAFETY LAMP

MODEL 257-B

Figure 5-1. The Koehler flame safety lamp (from Koehler
Manufacturing Company, Marlborough, Massachusetts).

SPARK FILE —

FLAT COIL SPRING ———,
THUMB SRING hisid
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—— SPARK PIN SPRING

S WDL'S SCREW
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|

SWIVEL SCREW —

=8yl |o ¢

LOCK WASHER——

IGNITER ASSEMBLY

Figure 5-2. Igniter assembly of the Koehler flame safety
lamp (from Koehler Manufacturing Company, Marlborough,
Massachusetts).

the mesh absorbing their heat. It is this cooling effect that
allows the lamp to be used where combustible gases may be
encountered. Combustible gases such as methane may burn
within the lamp but the resulting flame will be cooled below
the ignition point of the gas surrounding the lamp as it passes
through the double gauze. However, the safety lamp is only
safe when it is assembled correctly and used carefully by a
competent person. The flame must be kept fairly low at all
times and the lamp removed when a high level of methane is



encountered, so that the gauzes do not overheat. The flame
from burning gases within the lamp will pass through the
gauzes if they become red hot and unable to absorb any
additional heat from the flame.

Flame safety lamps will not burn in a methane-free
atmosphere having an oxygen content below 16.25 per cent,
however, they will burn in atmospheres of lower oxygen
content if methane is present. The flame will go out when the
oxygen content falls below 13 per cent, regardless of the
percentage of methane present. Usually, as the percentage of
oxygen in the air approaches 16 per cent, the flame will
gradually lower, grow dim and will flutter, then go out.

When black damp is present, usually near the floor, the
flame will lower, become dim and will actually leave the
wick, showing a space between the wick and the base of the
flame.

Excess nitrogen may be detected by observing the action of
the flame when the lamp is held near the roof or back of
working places. The action of the flame is similar to that
when encountering black damp. Carbon dioxide has a similar
effect on the lamp. This gas, being heavier than air, will be
found near the floor. :

Methane gas, being flammable, will burn inside the lamp
and has the effect of increasing the length of the lamp flame.
The elongation of the flame caused by the gas is a pale blue
flame (cap) that appears to ride on or over the lamp flame.
The height or length of the cap indicates the concentration of
methane present (Figure 5-3). When testing for methane the
flame in the lamp should be lowered until there is just a small
yellow flame visible. This method will allow the blue cap of
the burning methane to be more visible.

Height of visible gas cap
inch cm
15/8 4.1

113 34

7/8

1/2
3/8
13

1.5%

20% 25% 3.0%

METHANE

Figure 5-3. Measurement of methane concentration by
height of flame in the safety lamp.

THE GAS-DETECTOR PUMP AND
DRAGER TUBE

The Driger Multi-gas Detector consists of two parts, the
gas-detector pump and the Dréger tube, chosen according to
the gas expected (Plate 5-1). The unit is supplied in a metal
carrying case. A protective bag for the pump and spare parts
is also supplied with the unit. Accessories for the Driiger
Multi-gas Detector are:

@ Pump stroke counter.
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1 Bellows pump model 31 11 Washer

2 Protective bag 12 Rubber ring

3 Carrying case 13 Packing disk

4 DRAGER tube*) 14 Valve seat

5 Rubber cap 15 Rubber bung

6 Special screw-driver 16 Breaok-off husk

7 Special spanner 17 Carrying loop

8 Valve disk 18 Operating instructions
9 Sieves 19 Table

10 Gasket

* The DRAGER tubes are not included in the initial kit but have
to be ordered separately according to the specified type of gas.

Plate 5-1. Driger multi-gas detector.

@ Extension tube [3 metres (10 feet) long], with bag, for
sampling inaccessible places.

® Hot ajr probe for the investigation of furnace waste
gases.

® Supplementary part for the respiratory CO test.

® Motor vehicle exhaust probe for the investigation of
exhaust gases.

® Mixing device.
® Dust sampler.
The advantages of the Driger gas detector are:
® Operation with one hand.
Low weight and simple operation.
Always ready for use.

Driiger tubes for about a hundred different gases and
vapours.

Printed measuring scale on the Driiger tubes.
Immediate reading of the result on the Driger tube.
Optimum accuracy of measurement.

® Maintenance-free bellows pump.

This instrument consists of a spring-loaded rubber bellows
with a capacity of 100 cubic centimetres (6 cubic inches) of
air and a replaceable indicator tube. Air to be tested is drawn
directly into the indicator tube before passing into the bel-
lows and the instrument requires no purging before inserting
the tube. The outlet valve of the bellows has so little resis-
tance that the air will not return through the testing tube.

The Driger gas detector is designed to test for a number of
gases by using various indicator tubes. Although indicator
tubes are available from other sources, only Driger tubes are
to be used with the Dréger tester, otherwise serious errors
may occur in the test readings. We are concerned here
primarily with testing for carbon monoxide.



Different types of indicator tubes are available for testing
for low and high quantities of carbon monoxide. The low-
range tubes are used in testing carbon monoxide at concentra-
tion levels of 10 to 3000 ppm (0.001 to 0.3 per cent). The
high-range tube, identified by a yellow band, is used for
testing carbon monoxide at levels of 0.3 to 4 per cent. All
tubes contain filtering chemicals to remove hydrocarbons
and other gases that could affect the reading on the
instrument.

INSPECTING THE DETECTOR BEFORE USE

The bellows should be squeezed once or twice to be sure
the outlet valve is operating. To test the air-tightness of the
detector, break one sealed end of the Driger tube. Do not
break the other end. Place the broken end of the tube in the
inlet and collapse the bellows. The bellows will remain
collapsed unless the outlet valve is leaking. It is not necessary
to check the time taken for the bellows to inflate as that action
is controlled by the resistance built into each indicator tube. If
the outlet valve is leaking, the valve cover should be removed
and the valve seat inspected or cleaned.

USE OF THE DETECTOR

To use the detector, select the proper carbon monoxide
indicator tube, depending on the concentration of carbon
monoxide that is expected due to conditions that are known.
Break the sealed ends of the tube by inserting them in the
breaker attached to one end of the drag chain on the bellows.
Insert the tube firmly into the detector inlet so air will flow in
the direction of the arrow on the tube. Squeeze the bellows
fully to expel the residual air and then allow the bellows to
refill completely. If the air sampled contains carbon monox-
ide, a dark stain will be seen extending downwards through
the white crystals. The amount of carbon monoxide is
measured by the distance the stain extends into the crystals.
The reading is taken at the lowest level of general discolora-
tion and not at the deepest point of colour penetration.

All tubes have a band on the upper end on which data
concerning the test can be recorded. Tubes, once coloured,
will not change colour for several hours and so can be read
later under better lighting conditions than found in testing
areas underground. Tubes that have been used and no colour
reaction obtained may be reused up to 10 times in one day, or
until colour is found. Once coloured, they must not be used
again.

When testing diesel exhaust or other mixtures of hydrocar-
bons for carbon monoxide, a carbon pretube filled with
activated charcoal should be used as an additional filter to
prevent the hydrocarbons from reaching the testing crystals.
Exhaust gas should not be sampled directly from the man-
ifold, but should be passed through some form of cooler to
bring the temperature into the range of 10 to 40°C (50 to
110°F).

The example described above is based on testing for
carbon monoxide. As this apparatus is a multi-gas detector, a
wide range of detector tubes are available for different
contaminants. Each different indicator tube has its own
characteristics and method of use, making it impossible to
have a working knowledge of how to use them all. This is not
a problem as each new box of tubes contains a data sheet
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providing all the information needed to make a test with the
type of tube in that particular box. It is important that anyone
using a multi-gas detector should know how to read the data
sheet.

COMMON APPLICATIONS OF THE DRAGER
MULTI-GAS DETECTOR

® Controlling the threshold limit values of contaminated
air in work areas.

@ Testing tanks, sewers and manholes before entry.

@ Tracing leaks in gas pipes and reservoirs.

@ Detecting gas losses in certain types of processing
facilities such as recovery plants.

® [dentifying unknown gaseous contaminants by using
different detector tubes.

® Measuring the hydrogen sulphide level in refinery gases
and sewage disposal plants.

® Controlling carbon dioxide concentrations in green-
houses, fermenting rooms, grain silos and fruit storage
rooms, and testing for leaks in carbon dioxide
extinguisher systems.

® Measuring the carbon dioxide content in flue gas or
forklift and vehicle exhaust gases.

@ Adjustment of the fuel injection pump in diesel engines.

® Quickly measuring the percentage of carbon monoxide
in exhaled air or in samples of blood.

™ Finish Indicator

Tube tip
container

Broken Glass is a thing
of the past

Pump measures 8", weights 10 oz.

Stroke Counter

“ Handle locks at precise
intake volum of 50 or
100 ec

Plate 5-2. Gastec gas detector.

THE GASTEC GAS DETECTOR

The Gastec gas detector (Plate 5-2) works on similar
principles to the Driiger gas detector. It consists of two
components with the following features:



® Sampling Pump
— the Gastec design does not require flow-rate orifices.
— the intake volume is precisely measured (50 or 100
cubic centimetres).
— the lubricant seal packing provides completely leak-
proof sampling at all times.
® Detector Tube
— direct-reading calibration scale printed on each tube.
— the small-diameter sampling tubes provide long stain-
length with one stroke of the pump.
— sensitive reagents with high reaction rates provide a
clear line of colour stain.
Each detector tube contains a precise amount of colorimetric
detecting reagents and is hermetically sealed at both ends.
The reagents are sensitive to specific gases or vapours; the
length of stain produced by the reaction in the tube is a direct
measure of concentration.

SAMPLING AND MEASUREMENT PROCEDURE

(1) Break the tips off a fresh detector tube by inserting the
ends in the tube-tip breaker of the pump (Figure 5-4).

Guide Marks

Tube Tip Breaker —_, ( Red Dots )

Sample Air 6)-)1'—(
)

—_— I

Inlet

Figure 5-4. Gastec precision gas-detector system.

(2) Insert the tube securely into the pump inlet with the
arrow on the tube pointing toward the pump.

(3) Fortwin tubes, connect the ends marked ‘¢’ with rubber
tubing after breaking each end. Insert the analyser tube
into the pump with arrows on the tubes pointing toward
the pump (see Figure 5-5).

Sample Air el
———— G C-C G I I )
Primary Tube Rubber Tubing  Analyzer Tube

Figure 5-5. Use of twin tubes in Gastec system.

(4) Make certain the pump handle is all the way in. Align the
red dots on the pump body and handle.

(5) Pull the handle out to the desired stroke volume. The
handle can be locked on either one-half pump stroke (50
cubic centimetres) or one pump stroke (100 cubic
centimetres).

(6) Read the concentration at the interface of the stained and
unstained reagent when staining stops. Unlock the han-
dle by making a one-quarter turn and return it to the
starting position.

(7) If no reading is obtained, additional pump strokes may
be made using the same tube.
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THE VACUUM BOTTLE AND VACU-
SAMPLER

If both the type and and concentration of gases in an area
are unknown the atmosphere should be sampled using either
a vacuum bottle or a vacu-sampler. Both are simple to use. To
sample with a vacuum bottle, first break off the tip allowing
the ambient air to fill the vacuum in the bottle, then secure the
sample by placing a rubber plug in the broken tip. When
taking a sample with the vacu-sampler, first ensure that the
closure tape is unbroken, then hold the activator button down
for at least 10 seconds.

The following information must be recorded on the con-
tainer as soon as the sample has been taken:

® Sample identification.
@ Date and time.
® [ ocation.
® Temperature (°C).
The samples are then analysed by gas chromatography.

ELECTRONIC GAS-TESTING DEVICES

Various battery-powered pocket-sized devices for the
detection of toxic, flammable and oxygen-deficient
atmospheres are on the market.

Operating and maintenance instructions provided in the
manufacturer’s specifications must be strictly adhered to.
These electronic testing devices must be approved by the
Canadian Standards Association or by Canmet, the Canada
Centre for Mineral and Energy Technology with Energy,
Mines and Resources Canada, if for use in coal and metal
mines.

The NMS MX241 dual-sensor instrument (Plate 5-3) is
designed for use in mines and other work environments to
assure optimum personal protection against both oxygen
deficiency and hazardous levels of methane gas. This small,
lightweight, rugged oxygen-methane monitor is particularly
suitable for mine rescue teams and fire bosses.

Plate 5-3. NMS MX241 dual sensor gas detector for
oxygen and methane.



OXYGEN ANALYSERS

Some oxygen analysers and monitors are designed to
measure the amount of oxygen in air. Other instruments
measure gases and dissolved oxygen in liquids. These units
are a patented polarographic sensor to measure oxygen (Plate
5-4).

Plate 5-4. Polarographic sensor used for measurement of
oxygen concentration in atmosphere.

When the oxygen sensor is placed in the environment to be
tested the percentage of oxygen is shown directly on the
meter. The CALIBRATE control knob to the right of the
meter provides fast and direct calibration of the instrument to
ordinary room air (20.9 per cent oxygen).

On battery-operated models the fully depressed position of
the OFF button is used to check the battery. If the meter
needle swings to within the green area on the dial, the
batteries are operable. If the reading is to the left of the green
area both batteries should be replaced. Any 9-volt transistor-
radio battery can be used, but mercury batteries such as
Mallory TR-146X or alkaline Duracell batteries are recom-
mended (note: ordinary zinc-carbon batteries may be used
for brief periods, but should never be left in the instrument
for extended periods or corrosion will result).

The model 60-625 Monitor is specifically designed for
worker safety applications and has an audible alarm inter-
nally set at 19.5 per cent oxygen.

METHANOMETERS

Operating instructions for the methanometer, illustrated in

Plate 5-5, are as follows.

(1) Hold the methanometer in the right hand with the thumb
resting on the switch button of the desired measuring
range and the third finger on the switch button of the
sampling pump.

(2) Place the inlet at the sampling point. Take care that no
water or other fluid is drawn into the instrument as
damage will occur.

(3) Pressthe pump switch button and hold it down for at least
3 seconds, then release the button.
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Plate 5-5. Methanometer used for measurement of
methane concentration in atmosphere.

(4) Wait for 5 seconds during which time the instrument
should be brought into the operating position (approx-
imately 45° angle). Press the switch button for the desired
measuring range. The meter needle will first deflect to
the left and then move upscale above zero (if methane is
present) to a point of maximum value where it will pause
momentarily before returning downscale to zero.

(5) The maximum upscale reading corresponds to the meth-
ane concentration at the sampling point. If the methane
concentration is above 5 per cent, the meter needle will
remain in the red portion of the scale for a period of time
dependent upon the concentration (note: if a high con-
centration is indicated, flush the flow system with an
adequate quantity of fresh air to remove any residual
traces of methane before further tests are made or the
electrical zero is checked).

If a sampling tube or probe is to be used with the
methanometer, it connects simply by pressing the tube
over the inlet fitting. Direct the inlet end to the point to be
sampled (make sure that no liquid is drawn into the tube
or probe). Sample and measure in the manner previously
described, except allow an additional 4 seconds of sam-
pling time for each 1 metre (3 feet) of sampling tube or
probe (for example, if the 2-metre sampling tube is used,
sample for a minimum of 11 seconds).

Other electronic gas-testing devices are shown in Plates
5-6 and 5-7.

(6)

Plate 5-6. Mini CO carbon monoxide indicator.



Plate 5-7. Mini H,S hydrogen sulphide indicator.

THE BACHARACH MODEL H NATURAL GAS
INDICATOR/LEAK DETECTOR

The Bacharach Model H natural gas detector or J-W Gas
Pointer (Plate 5-8) is a portable unit for detecting and
measuring flammable gas concentrations. The unit operates
in two ranges, 0 to 100 per cent of the lower explosive limit
and 0 to 100 per cent of the actual concentration of natural
gas. In the lower range the Model H is the same as the J-W
Sniffer Model G. Detection is by catalytic combustion on a
platinum filament; full-scale represents approximately 4 per
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cent natural gas in air. In the high range measurement is by
thermal conductivity from a noncatalytic filament.

The meter dial is easy to read; a two-position valve
controls the high and low metering range. Methane is used to
calibrate the unit as it is more sensitive to methane than any
other hydrocarbon gases. If the indicator has a normal
response to the presence of methane it will respond normally
to all other combustible gases and vapours.

Plate 5-8. Bacharach Model H natural gas indicator.



