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PREFACE 

This is one of a series of instruction guides developed to help 

instructors in the presentation of h_ealth and safety training courses to the people 

of the metal and nonmetal mining industry. The course is intended to train MESA 

inspectors in the use of the survey handbooks. This training will be invaluable to 

the inspectors when performing surveys of above ground metal and nonmetal min­

ing and processing work areas for inhalation hazards. The guide contains three 

sections: Suggestions to the instructor, an introduction to the course stating its 

objective and recommended class time, and the text of the course. Standard 

8 x 10 transparencies have been prepared for use by the instructor. Other train­

ing aids required for the course consist of sampling equipment which is used in 

the demonstrations. 
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SUGGESTIONS FOR THE INSTRUCTOR 

This course is designed as a mutual endeavor between trainees 

and instructor. In a sense, it is a "graduate" course, providing additional 

information on general subjects that the trainees already have some funda­

mental knowledge about. It can only be successful if a sense of mutual coop­

eration is established immediately at the start of the training period. Too 

often resentment about extra study reacts negatively on the ability to learn, 

To this end, the course is not designed as a series of lectur.es 

to be read or recited to the trainees. Such a procedure could only be destru­

tive. Rather, the course is set up to provide the instructor with the basic 

materials he is to present, but the actual technique of presentation is left 

up to the instructor; he alone can tell from the start what type of class he is 

facing, what their attitudes may be, and what their reactions prove to be, 

Frequent emphasis is made on the need for class discussion. 

Any question dealing with the subject is legitimate food for consideration. 

THE MOST EFFECTIVE WAY OF LEARNING IS TO SHARE EXPERIENCE, 

The instructor is urged to solicit experience/response and to use it as much 

as possible in his presentation of the material. 

Frequent reference is made in the course to the handbook, . entitled 

"Handbook for Surveys for Inhalation Contaminants in Above Ground Metal and 

N onmetal Mining and Processing Work Areas". The trainees should become 

familiar with .this document, should constantly refer to it, and should recognize 

it as a vital tool in their work. Knowing how and when to use the handbook is 

as essential as learning the content of this course. 
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INTRODUCTION 

The inhalation hazards which have been found in the above ground 

metal and nonmetal mining and processing work areas include dusts, mists, 

vapors and gases •. During this course the students will learn how to sample 

for harmful concentrations of these inhalation hazards. Most of the students 

have some familiarity with the proper use of the sampling systems which will 

be described. These include the personal sampler system, detector tubes and 

hand pumps. 

The handbook entitled "Handbook for Surveys of Inhalation Contam­

inants in Above Ground Metal and Nonmetal Mining and Processing Work Areas" 

has been developed to assist these inspectors to perform these surveys. The 

handbook should be provided to each inspector for use as a manual during the 

course. Considerable detail has been included in the handbook in order that 

it may guide the inspectors during their surveys and assist them in interpreting 

the results from their determinations. 

Purpose 

The purpose of this course is to provide metal and nonmetal mine 

inspectors with the knowledge necessary to perform surveys for inhalation con­

taminants in the above ground metal an.d nonmetal mining and processing work 

areas. 

spectors in: 

Goals and Methods 

The goals of this course are to assist metal and nonmetal mine in-

1. Learning how to use the handbooks in performing surveys 

for inhalation contaminants in above ground metal and non­

metal mining and processing work areas. 

2. Learning how to interpret the results of the determinations 

which are obtained. 

The training methods employed will include lecture-discussion and 

demonstration techniques reinforced with the use of audio-visual materials. Class 

participation should be encouraged for the motivation of interest and the further 

development of concepts. 
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tors to: 

Objectives 

The objectives of this course are to enable MSHA mining inspec-

1. Develop the capability for performing surveys for 

inhalation contaminants in above ground metal and 

nonmetal mining and processing work areas. 

2. Prevent exposures of workers to concentrations of 

inhalation contaminants exceeding the standards by 

issuing violations when airborne concentrations of 

contaminants are found to exceed the standards listed 

in the Code of Federal Regulations, Title 30, Chap­

ter I, Subchapter N, Part 55, Section 55. 5 and Part 

57, Section 57. 5. 

Time 

The instruction time required to cover the materials in this course 

will vary according to the instructor's needs. However, the recommended time 

is a minimum of 12 hours. 

Tools and Supplies Required 

Items 

Metal and Nonmetal Mine Inspector 
Inhalation Contaminants Handbook 

TLV Standards - Handout I 
(see page 28) 

Instruction Sheets for Experiments 
(see Appendix) 

Personal Sampling Pump, MSA Type G 

3 1 Sampling Hose with Clamp, Bendix 
Catalogue No. 3900-908 

Personal Sampling Pump, Bendix 
Catalogue No. 3900 

Cassette with Weighed Membrane Filter, 
MSA Catalogue No. 457193 

4 

Number Required 

1 for each student 

II 

II 

1 

1 

1 

1 



Items Number Required 

Cyclone, MSA Catalogue No. 456228 

Charcoal Tube, MSA Catalogue No. 459004 

Charcoal Tube Holder, MSA Catalogue 
No. 459054 

Gas Sampler, 12 cc, Bistable, Chemical 
Projects Ltd. , Toronto, Canada 

Hand Pump, MSA Catalogue No. 83499 
with Instruction Sheet 

Detector Tubes, MSA co
2

, Catalogue 
No. 85976 

Detector Tubes, MSA CO, Catalogue No. 919229 

Detector Tubes, MSA Chlorinated Hydrocarbons, 
Catalogue No. 88536 

Pyrolyzer, MSA Catalogue No. 87505 with 
Instruction Sheet 

Freon, 10 ml 

Toluene, 10 ml 

Pipette with Rubber Bulb 

Beaker, 2 liter or coffee can, 2 lb 

Hand Pump, Drager Model No. 31 
with Instruction Sheet 

Detector Tubes 

Drager (5/a) Toluene, Catalogue 
No. CH 23001 

Drager (5/c) Carbon Monoxide, 
Catalogue No. CH 20601 

Rubber Hose, 1/4" ID, 4" length 

Flow Meters 

Matheson, 603 with Calibration Curve 

Matheson, 601 with Calibration Curve 

5 

1 

1 

1 

1 

1 

1 box 

1 box 

1 box 

1 

1 bottle 

1 bottle 

1 

1 

1 

1 box 

1 box 

1 

1 

1 



\ 
Items 

Charcoal Tube Plastic Cap with Both 
Ends Open 

Marking Pen 

Clipboard 

Pocket Calculator 

Number Required 

1 

1 

1 

1 

Note this course must be taught by a qualified industrial hygienist 

or safety officer. He should thoroughly review this course material before pre­
senting it. It is particularly important that he verify that all the training aids 

(transparencies and sampling equipment) are available. The instructor should 

perform the demonstrations before class time. He may rearrange the material 

in order to present it in a manner most suited to his desires. Also the instruc­
tor should keep abreast of current federal regulations to pre sent this course in 

the most updated form. 

6 



COURSE A-2 

INSTR UC TOR'S TEACHING GUIDE 

SURVEYING INHALATION CONTAMINANTS IN ABOVE GROUND 
METAL AND NONMETAL MINING AND PROCESSING WORK AREAS 

The purpose of this handbook is to train MSHA mining inspectors to 

recognize hazards from inhalation contaminants in above ground work areas of 

metal and nonmetal mining and processing facilities and to evaluate these hazards 

by collecting samples, making field determinations and interpreting these results. 

Title 30, Code of Federal Regulations, Part 55 Health and Safety Standards: Metal 

and Nonmetallic Open Pit Mines and Part 57 Health and Safety Standards: Metal 

and Nonmetallic Underground Mines require MESA to survey these work areas 

for specific inhalation contaminants and to issue violations when personal expo­

sures exceed their standards. Generally the standards are those adopted by the 

American Conference of Governmental Industrial Hygienists in "Threshold Limit 

Values of Airborne Contaminants (1973)." Such enforcement is necessary in or­

der for these work areas to be safe for the employees. 

In the presentation of this course the handbook entitled "Handbook for 

Surveys of Inhalation Contaminants in Above Ground Metal and Nonmetal Mining 

and Processing Work Areas" will be used as a manual. This handbook was develop­

ed to serve as a guide for inspectors when they are performing surveys in the 

metal and nonmetal mining and processing areas. The handbook is intended to be 

a reference which can be carried with the inspector on surveys. 

A health and safety survey is divided into 3 portions: recognition, 

evaluation, and control. (Slide No. 1) 

RECOGNITION 

In order for an inspector to recognize hazardous situations involving 

inhalation contaminants which require sampling, he should be thoroughly familiar 

with all the activities associated with metal and nonmetal mining and processing 

work areas. Obviously he must also be familiar with the candidate contaminants 

for each type of work area. Table 1 on page 4 of the handbook was pre-

pared as a check list to assist the inspector in remembering the candidate contam­

inants for each work operation and to serve as a check list indicating those which 

could require sampling. Coded designations which refer to Table 2 are used for 

7 



SLHJE 1 

Elements of performing health and safety 
·, 

surveys for hazardous situations: 

RECOGNITION 

EVALUATION 

CONTROL 
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specific contaminants. The work areas listed in Table 1 cover those in strip 

mining as well as in the above ground work areas for the underground metal 

and nonmetal mines and the processing facilities, To familiarize the students 

with the checklist (and Table 2 ), discuss the contaminants which are listed for 

the following work functions: 

Drying 

Explosive Storage 

Field Maintenance 

Floating 

Heavy Equipment Operation 

Machinery Repair 

Painting 

Emphasize that this check list indicates the possible contaminants in each work 

area. As additional contaminants are found for these work areas, they should 

be added to the check list and also to Table 2. 

To assist the inspector determine situations which should be sampled 

for specific contaminants, we have provided the following basic rules which are 

listed below and found on pages 2 and 3 of the handbook: 

1. A visible dust or fume cloud is present in the working 

environment. In addition, there may be visible quan-. 

tities of settled dust in the work area. 

2. A strong odor or eye irritation is noticed by the in­

spector upon entering the work area, 

3, There is evidence of corrosion of ventilation systems 

or other equipment in the work area. 

4. Visible clouds are observed coming from poorly main­

tained ventilation systems such as holes in ducts. 

5. The local ventilation system is not capturing all of 

the contaminants which are produced by an operation. 

6. Chemicals are mishandled as evidenced by chemical 

spills and careless handling of highly toxic materials. 

7. Substances which are hazardous under normal condi­

tions of control and handling such as carcinogens are 

located at the worksite. 
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8. Worker's comments and symptoms indicate exposure 

to at least one contaminant. See Appendix 1. 

9. Recognized hazardous situations are present such as 

operations of internal combustion equipment, unvented 

combustion heaters, or spray equipment in confined 

areas, Another hazard would be the vapors in explo­

sive storage areas. 

10. In cases of doubt concerning the use of the above rules 

or in suspect situations not covered, tests should be 

made, 

The instructor should illustrate these rules with specific examples 

from his experience. The students will not likely be familiar with the physical 

forms and physiological effects of most of the. contaminants listed in Table 2. 

This information in addition to modes of entry for the contaminants is provided 

in Appendix 1 of the large handbook. Referring the students to this appendix, 

present the physical forms and physiological effects for carbon monoxide, di­

sulfide, hydrogen cyanide, stoddard solvent, welding fumes and welding gases. 

It is helpful to the inspector to remember that the following con­

taminants have been found in metal and nonmetal mining and processing surface 

work areas in concentrations exceeding their standards. These are listed on 

page 5 of the handbook and are presented below: 

1. Welding fumes. 

2. Fumes from metal cutting with torches. 

3, Solvent vapors from degreasing opera­

tions. 

For practice the instructor should show the basic rules or effects 

which each of these contaminants would exhibit if their concentrations exceeded 

their standards. For instance the production of welding fumes and fumes from 

metal cutting torches illustrates Rule 1. Solvent vapors from degreasing opera­

tions illustrate Rule No. 2. 

Although initial studies have not indicated concentrations of airborne 

asbestos dust which exceeded the standard for workers blowing dust from brake 

drums or working near devices with exposed asbestos lined brakes, appropriate 

respirators to be worn during these operations would be recommended, 

Frequently the inspectors will encounter commercial materials with 

10 



compositions that cannot be determined readily. Several of these "trade 

name " products which have been encountered in above ground metal and 

nonmetal mine surveys are listed in Appendix II of this handbook. Their 

compositions are also listed in this Appendix. 

When a suspicious material is encountered whose composition 

cannot be determined from the information at hand, the inspector should con­

tact his MSHA district office or Technical Support Center providing them 

with the trade name of the material, the manufacturer's name and address 

and any special precautions which are listed on the label or flyer for the 

material. 

The chief result of the work which will be performed during the 

Recognition Phase will be to list the candidate contaminants in each work 

area which will be sampled during the Evaluation Phase. Usually one can 

list this information on a copy of the checklist (Table 1). 

Before starting the Evaluation Phase, the instructor should 

ask the class for questions concerning the material previously covered. 

Use Slide No. 2 to summarize the Recognition Section. 

Evaluation 

General - In this section we shall discuss the sampling and field 

measurement techniques which are used to determine the atmospheric con­

centrations of the candidate contaminants. In addition we shall discuss how 

these results are evaluated to determine if a violation should be issued. 

Using the list of candidate contaminants which was prepared in 

the previous section, the inspector should review the sampling systems and 

sampling conditions for each contaminant. A minimum of 4 contaminants per 

page of Table 2 in the large handbook should be reviewed. Formulas, Thresh­

old Limit Values or standards, most probable locations or tasks, and field 

sampling or field determination methods should be covered. The instructor 

should also make a special effort to mention contaminants which illustrate 

all the 8 notes which are mentioned on page 11. It is likely that many of 

the students will be unfamiliar with the meaning of most of the terms used 

here. Therefore each of these terms .should be defined (described) briefly 

with the promise that they will be covered in greater detail later in the course. 

All of these terms are defined in Appendix ill of the handbook. 
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SLIDE 2 

STEPS IN  RECOGN IZING AN INHALATION 
HAZARD 

I . Use Table I to indicate cand idate contamina 
for each work area. 

2. Use Th·umb Ru les (page 2- I )  to d isclose 
hazardous situat ions . 

3 .  Use the List of Most Significant Contaminar 
(page 2-2) as a reminder to suspect thesE 
part icu lar contaminants . 

4 .  Prepare a List of Suspicious Trade -Narne 
Products with their addresses and send 
this to M E S  A Distr ict Off ice or T echnica 
Center. 
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Sampling Devices - These consist of two types : Sample collection 
systems whose samples must be analyzed in a laboratory and direct reading de­
vices .  Examples of the first type are cassettes with membrane filters and 
charcoal tubes .  Detector tubes and direct reading instruments are of the other 
type (direct reading instruments).  When collecting respirable samples , the in­
spector should attach a cyclone upstream of the membrane filter to remove part­
icles  larger than 10 micrometers (µm). Only particles whose diameters are 
less  than 10 µm are retained by the lungs . 

Personal Pumps - Only Bureau of Mines approved pumps should be 
used with the above sampling systems . Show the students a personal sampler 
system which consists of a cyclone , cassette with preweighed 5 µm PVC filter 
and a personal pump. This is the same system which inspectors routinely use 
for dust sampling. In order for a cyclone to function properly , the pump should 
ope rate at a flow rate of 2 .  0 liters per minute .  The sampling pe riod for respir­
able dust samples is generally a complete shift . Using Slide No . 3 ,  decribe the 
components of the cyclone and its operation. Caution the inspectors against dump­
ing the large particles onto the filters by inverting the cyclones .  

List the operating characteristics of the personal pump : 
F low Rate - 1/2-2 liters per minute 
Typical Operating Period - 8 hours before recharging 

is required. 
Recharging Period - 16  or 64 hours. 
Portability - It can be worn by an employee performing 

his usual duties .  
The flowmeters on  the pumps must be calibrated for each type of col­

lector which is  used. Wet test meters or soap-bubble meters are recommended 
for the calibration of personal pumps . With both these instruments ,  the time re­
quired for a known volume of air to be drawn through the collector by the pump is 
determined. Slide No. 4 shows a sketch of a soap-bubble meter. The known air 
volume is obtained having a soap-bubble pass between two markings on the burette . 
The times (t) for this volume of air (V) to pass through the collector at various 
pump flowmeter settings are recorded using a stop watch. The flow rate (FR )  is 
determined from the equation : 

FR in liters per minute = 
t

v· in l�te�s 
m m1nu es 
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SLIDE 3 

--l►-TO PUMP 

CASSETTE WITH . 
<·\)\.\'·'.?:?::'.'.: ?tt-:::�:: FILTER 

I ; , ' . ' • - • 

CYCLONE USED FOR RESPIRABLE SAMPLING 
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The standard conditions are a temperature of 77°F and one atmosphere pressure 

29. 92" of mercury. As long as the test conditions are between 90°F and 64°F 

and 30 . 67" and 29. 17" of mercury, these errors will be below 5%. If conversion 

of the flow rate to standard conditions (FR ) is desired, use the equation shown 
SC 

:In Slide No. 5. 

Generally the sample collectors are placed in the worker's breathing 

zone (within 36" of his mouth). While the sampler systems are being operated, 

the inspectors should check them at frequent intervals to verify that, 

the pumps are operating, 

the filters have not been plugged by high dust concentrations and 

the workers appear to be performing their duties as anticipated. 

The flow rate during the sampling period is average of that at the beginning and 

the end of this period, 

The Sipin flow-rate personal pumps Models SP-1 and SP-2 are ex­

cellent for sampling organic vapors. 

Show a Sipin pump with charcoal tube and holder. Use Slide No. 6 

showing the Si pin pump, charcoal tube holder, and recharger being sure to point 

out the air· volume indicator (stroke counter), flow rate adjustment, charging jack, 

and off-on switch. The primary advantage of low-flow rate pumps is that they ex­

tend the time for collecting a 10 liter sample on a charcoal tube from 10 minutes 

(for MSA or Bendix personal pumps)to 200 minutes. The longer sampling time 

allows one to evaluate the worker's 8 hour exposure with fewer samples. The 

Sipin pumps are portable, battery operated, and rechargeable. Be sure to em­

phasize the stroke counter allows one to calculate the volume sampled in a unique 

way. 

No. of Strokes x cc/stroke = Volume Sampled in cc 

Explain that cc are cubic centimeters which are "" 1/1000 of a liter. 

The Sipin pumps must be calibrated for each type of collector which is used. They 

should be calibrated at several flow rates such as 25, 50, and 100 cubic centimeters 

per minute. 

Membrane Filters - As mentioned earlier the personal sampler sys­

tem consists of a cyclone, a cassette with a pre-weighed 5 µm PVC membrane fil­

ter and a personal pump which is recommended for sampling fumes, mists, and 

airborne dusts except for asbestos. The part numbers for these items which are 

16 



8 Ll l l l•: fi 

FR · i · t 
• V in .l iters 460 + T in °F 29.9 1 1

Hg 
sc 1n I ers per min. = . . x 

· 
x . 1 1  

t 1n min. 460 + 77 °F P 1n  Hg 

where FRsc = Flowrate at standard cond itions 

V = Volume of a ir tested 

t . = Time for V .  to pass through col lector 

T = Room temperature during test 

· P = Atmospheric pressure during test 
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TUBE HOLDER 

SLIDE G 

FIGURE IV-2 
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(LENGTH TO SUIT) 

PUMP STROKE 
INDICATOR 

FLOW RATE 
ADJUSTMENT 

0 

SIPIN PUMP, CHARCOAL TUBE HOLDER AND CHARGER 
18 



manufactured by MSA and Bendix are listed in the handbook on page 13. These 

casettes come with blue and white sampling data cards. The blue cards indicate 

the samples were collected by government rathe:r:_than company personnel. The 

company personnel use the white card for their samples. Generally full shift 

collections at 2 liters per minute are made with these sampling systems. Fig­

ure 1 on page 14 illustrates the collection system used for airborne asbestos 

fibers. Note that this system consists of a 3 piece plastic cassette and a Milli­

pore filter with O .  8/.tm pores.  When this system is used , the top cap of the filter 

cassette is removed and sample is collected with the cassette pointing downward. 

Ref er to the sampling conditions and analytical method for airborne asbestos 

which are listed in Table 2 on page 7 .  Asbestos is sampled at 2 liters per 

minute for 15 minutes to 4 hours depending on the airborne asbestos and back­

ground dust concentrations and analyzing the samples manually by phase con­

trast microscopy at 450X. 

Charcoal Tubes - Specially manufactured charcoal tubes are used 

with personal sampling pumps for collecting samples with gases and vapors. 

The MSA Company and SKC , Inc. , are two of the manufacturers of these tubes. 

These tubes which are illustrated in Figure 2 are about 3 inches long by 1/4" in 

diameter. As ,shown in Figure 2 ,  they are provided with plastic end caps to 

seal the tubes after the ends are broken off to permit air to be drawn through . 

The instructor should now demonstrate how these tubes are properly used by 

using the hole in key or in one of the plastic cassettes to break off the .sealed 

ends. He should insert the tube into the special holder (Slide No. 7) making 

sure that the air will flow through the tube in the proper direction as indicated 

by the arrow. The instructor should point out that there are two layers of char­

coal , an initial and backup layer which are usually analyzed separately. Gen­

erally the back-up layer is used to indicate when the front section was overloaded. 

The hose on the special holder should be attached to a sampling pump and the 

holder with the charcoal tube should be attached to instructor 's  collar so that it 

hangs a few inches from his mouth. The pump should now be attached behind 

the instructor on his belt with the hose running up over his left shoulder. The 

pump should now be turned on for a short period of time to simulate the sampl­

ing period, The system should now be removed from the instructor. He should 

disconnect the charcoal tube and seal it immediately with the plastic caps which 

are supplied. The tube should now be placed in a coin envelope measuring about 

3 to 4 inches ,  It should be sealed and labeled with the sample designation. 
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Collection times are usually limited to 10 minutes at 1 liter/min using the 

standard sampling pumps. Thus the volume sampled will be 10 liters. As 

described previously , the Sipin low-flow rate pumps are frequently used to 

increase the sampling time without increasing the volume sampled. At 50 

cc/min they can increase• the time to 200 min for collecting a 10 liter sample. 

A blank tube will be sent with the collected samples to the laboratory for 

analysis. Also send to the laboratory in a separate package , small bottles 

of the liquids producing the vapor. About 2 0  ml of material in each container 

is sufficient. The material in these bottles will be used as standards to 

assist the laboratory in the identification of the vapors collected. (At this 

time it is not planned for the inspectors to use the charcoal tubes to collect 

the samples. This material was included to familiarize the inspectors with 

this sampling system because it is likely that in the future they will use this 

method. ) 

Gas Collectors - Gas collector systems are 250 ml evacuated 

glass sampling bottles , 10 ml syringes , and 10 ml vacutainers. In addition 

there is the Bistable gas sampler , produced by Chemical Projects Limited , 

Toronto , Canada , in which a vacuum is produced by bending this flexible 

metal container which is informally called the "crickett. " (One of these 

units should be passed around the class. ) These samples which are called 

grab samples are collected by quickly opening the containers in the atmosphere 

to be sampled. 

Detector Tube Systems - On Figure 3 on page 16  the gas detector 

tube systems are illustrated. These systems consist of hand operated suction 

pumps which draw fixed volumes of air through sealed glass tubes containing 

chemically impregnated packing which indicates the concentration of contamin­

ant in the air by the length of chemically produced color change in the packing. 

The manufacturers of detector tube sampling systems include Bendix/Gastec, 

Draeger , Matheson-Kitagawa , and MSA. The instructor should now illustrate 

the use of the MSA system to show that the background concentration of carbon 

dioxide is approximately O. 03%. Be sure to follow the instructions for the pump 

and tubes being used. Pumps should be used only with pumps made by the same 

manufacturer. The following steps should be taken : 

I. Select proper orfice if required. 

2. Break off the tips of the tube and insert it in the pump. 
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3. Position the pump in the zone being sampled. 

4. Wait the required periods during strokes in order 

for the required air volume to pass through the tube. 

5. Insure that the stain has the proper color and none of 

the interferences listed on the instruction sheet are 

present. 

6. Read the contaminant concentration directly by com­

paring the stain length to the markings on the tube or 

the scale on the instruction sheet. When determining 

the stain length, the observer should have his eye di­

rectly above the tube. 

In ac�ordance with manufacturers' instructions detector tubes should 

be stored in a refrigerator. Detector tubes should not be used with pumps made 

by other manufacturers. The detector tube pumps are of two types - piston and 

bellows. The piston pumps should be checked every three months in accordance 

with the manufacturers' instructions to insure that they operate with the proper 

flow rates. These tests involve the use of a wet test meter or bubble meter. 

To allow the students to obtain direct experience in the use of the 

detector tube systems, two sets of experiments are recommended. In order to 

keep the groups performing these tests small, a third set with personal sampl­

ing systems is included. The instructor should determine before class time if 

he desires to use all these experiments. It is recommended all the experiments 

be used. He should check out the experiments beforehand to insure he can per­

form them properly. 

• Divide the class into 3 teams. Each team will have a team leader 

and will work independently at one of 3 tables to perform the required tests for 

that position. After the instructor has verified that each team has completed the 

tasks for its position, the teams will be rotated to new positions until all experi­

ments are completed at the three positions by each team. It will require 20-30 

minutes to complete the experiments at each position. 

It will take a few minutes for the instructor to arrange the materials 

and equipment on the three tables for these experiments. If practical, give the 

class a coffee or lunch break at this time. Instruction sheets for performing 

each experiment are presented in the Appendix. These instruction sheets are 

numbered lA, lB, 2A, 2B , 3A and 3B. Each contains a list of equipment and 
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materials required for the experiment. At each position the instructor should 

provide all the students with copies of ·the instruction sheets for the experiments 

to be performed at that position. Experiments lA and lB , 2A and 2 B ,  3A and 

3B are to be performed at the same tables. The teams should complete the A 
experiments before starting the B experiments. As  indicated earlier , the teams 

will be rotated among the positions until all experiments have been completed . 

Direct Reading Instruments - As illustrated in Figure 4 ,  direct 

reading instruments are those which employ a sensitizing cell which produces 
a signal electronically that indicates the concentration of a contaminant on a 

dial or recorder. Inspectors are likely familiar with such instruments for 

measuring noise and methane. others are available for determining ozone , total 

oxides of nitrogen , nitrogen oxide , carbon monoxide , carbon dioxide and oxygen 
and organic halides. Usage of these instruments is not recommended ; however , 
it is anticipated that in the future these instruments will be made available to 

field inspectors. 
The instructor should advise the inspectors to follow the operating 

instructions and particularly to look for compounds which interfere with the 

readings and the inspector should check the section about the Number of 

Samples to Collect to verify that he makes an appropriate number of readings 

throughout the 8 hour shift . 
Direct reading instruments can also be used to estimate Excursion 

or Ceiling Limit concentrations ,  which are the maximum average concentrations 

permitted for short intervals (15 minutes) during a work day. Excursion and 
ceiling concentrations will be discussed in greater detail later in this section .  

Some direct reading . instruments are attached to recorders which plot con­

tration against time (Slide 8 )  and integrators which show the average concen­

tration during the period sampled. 
Types of Samples (Personal or Area) - There are two types of samples , 

personal or area , which one may collect. The personal samples , the ones where 

the sampling system is worn by the employee, are generally preferred. Slide No. 9 

illustrates how a personal sampling system is mounted on an employee. This 

type of sample should be collected from an employee's breathing zone which is 

considered to be within 36" of his mouth ; however , one should always observe 

the worker frequently while he is performing his duties to determine that the con­

centration of contaminant being sampled approximates the one he is breathing. 
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For example ,a welder might have his head in the smoke plume from his work, 

while the plume could be so narrow that 6" away where the sample collector 

was placed that there would be no smoke . Personal samples are preferred to 

area samples ,  those collected at fixed locations ,  because the former are more 

representative of the workers' exposures. The collection of an area sample is 

illustrated in Slide No. 10 . A telescoping tripod support can be used as shown 

or the collection system may be taped to a support. Area samples should be 

collected at heights corresponding to the average heights of the breathing 

zones of workers while performing their usual duties in the work area being 

sampled. In a few instances one must collect area samples because the average 

daily period that the workers are exposed to the contaminant is less than the 

minimum collection time for the sampling method. 

Standards - The Threshold Limit Values (TLV' s )  which are listed 

in Table 2 are standards which are the maximum permissible 8 hour time-weight­

ed average (TWA ) concentrations except for contaminants having a "C " before 

their name. The regulations which make these TLV's  standards are in the Code 

of Federal Regulations ,  Title 30 , Chapter I ,  Subchapter N ,  Part 55 , Section 

55. 5- 1  (c ) and part 57 , Section 57.  5-1 (c ). A copy of these sections which are 

included should be given to each student as Handout No. 1 .  The TLV's for the 

"C" compounds are Ceiling Limit concentrations (C ) and will be considered 

later in this section. TWA ' s  are average concentrations of contaminants for 

8 hour work shifts . These are determined by collecting samples throughout the 

entire work shift. C alculation of an 8 hour TWA for an operation lasting less 

than the entire work shift is shown in Section 4a (page 18 ) in the handbook. 

The instructor should present a similar situation of a sample collect­

ed using a personal sampler , mounted on a welder and operated at 2 liter per 

min. for 8 hours.  When the membrane filter was weighed ,  it was found to  have 

collected 11 .  5 mg of respirable dust. The concentration is then calculated in 

Slide No. 11 .  Comparing this value to the TLV for nuisance dust which is 

10 mg/m 
3

, we see that this 8 hr . TWA definitely exceeds the standard. 

Note 7, .on page 11 of the handbook states :  "All welding and cutting 

fume samples  should first be weighed to determine if a nuisance dust violation 

exists .  If the nuisance dust standard is not exceeded, the individual metallic 

and gaseous contaminants will not generally exceed their respective TLV's. " 
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HANDOUT 1 

2 71 7 - 2 7 - 76 Federal Metal  and Nonme ta l l ic  Mine Safety Act 5245-5 

[ § 55 . 4--28  added at 41  F , R . 
2 3612 , e ffective July 15 , 
1976 . ]  

55.4-29 MandatorJI, When weldlni; or,c4t• 
ting, sultRlllo preci.u t lons shall · be tnken to 
ln�ure tlJRt sm"1der l 11g metnl or sp11rks d.> 
not resu l t  In R fire. Plre e x ti nguish ing cqulp­
mP.nt ShRl l  be Immediately av1<llnble 1 1t  the 
site. 
[ § 55 . 4--29 amended at 37 F .  
R .  143 6 9 ;  ef fective Septem­
ber 2 ,  1 9 7 2 . ]  

f,5 .4--30 F.mploytea should be tmlned In 
the UBe o! Orellghtlng equipment. 

65.4-31 A llreflghtlng orgar, lzatlon should 
he estl\bllshed, equlppll<I, nod tralnetl lu llre­
ftghtlng; drills should be held at leMt tw1ce 
a vear. 

[ § 55 . 4--3 2  revokeq at 3 8  F .  
R .  23380 ;  effective Augus t 
2 9 ,  1 9 73 . ]  

56.4-33 Mandatory." Valves on oxygen e.nd 
acetylene tanks shall be kept closed when 
the content.a .,re not being used. 

65.4--34 Belt conveyors In locations where 
ftre would create a hazard to personnel 
should be provided with safety switches to 
stop the drive pulley automatically In the 
tvent or excessive slippage. 

55.4--35 Mandatory. Before any heat Is 
applied to pipelines or containers which 
have contained flammable or combustible 

iubatances, they shall be drained, ventilated, 
thoroughly  cleaned of residual substances 
and filled with either an Inert gas or, where 
compatible, filled with water. 

[ § 55 . 4--35 added a t  41  F , R . 
2 3612 , e f fective July 15 , 
19 76 . ] 

[ § 55 . 4--36 through 55 . 4-- 38 
rese rved , ]  

55.4-39 Suitable fl.re extlogulshera should 
be provided on aelt-propelled mobile equ1p­
'!'eDt with enclosed �fibs. 

[ § 55 . 4--2 7  renumbered as 
55 . 4-- 39 a t  41 F . R �  2 3612 , 
effec t ive July 15 , 19 76 . ] 

&5.4-40 Mandatory. Fire alarm systems 
shall be provided Rnd maintained In opernt• 
Ing condi t ion or adequRte fire alarm proce­
durtis shall be established to warn promptly 
all person5 endangered by a ftre. 

55.4--4 1 Two exits should be provided 
where rnen  work or congregate . 

[ § 55 . 4--42 thru 55 . 4--4 7 
Reserved . ]  

55.4-18 /\fanda tory .-All employHs shflll 
be lnst.ructed at lea.st once ench ct1l�nrta.t . 
year un fire nla rm slgno.Js and 11ppllcable 
proce<lures to be followed In cni,e of fire or 
other emergency. nccords of llrntruct-lon 
shrul b� kept for two years, 

[ § 55 . 4--48 added at 38 F , R . 
2 3 380 , e f fec tive Augus t 29 , 
197 3--see • 8916 . ] 

55 .4-49 Combustible materials, grease, 
lubricants, or ftanunable l iquids should not 
be allowed to accumulate where they CIUl 
create a fire hazard,, 

[ § 55 . 4--12 renumbered as 
55 . 4--49 at 41 F . R .  2 3612 , 
e f fe c tive July 15 , 19 76 . ]  
[34 F.R. 12504, July 3 1 ,  1969, as IIJllendecl at. 
36 F.R. 366 1 ,  Feb. 26, 19'70; 35 F.R. 18588, 
Dec. 8, 1970 ) 

[ ,17901 . 05] 

§ 65,5 'Afr quality and physical �ents, 
Alrl Quallty 

65 .6-1 Mandatory. Except as permitted by 
§ 66.6---5 : 

(a) Except as provided In paragraph (b) , 
the exposure to airborne contaminants shall 
not exceed, on the basl.s or a time weighted 
average, the thresheld limit values adopted 
by the Armerlcan Conference or Govern­
mental Industrial Hygienists, as set tortb and 
explained In the 1973 edition of the Con­
ference's publication, entitled "TLV's Thresh­
old Limit Valµes tor Chemical Substances 
In Workroom Air Adopted by ACOIH for 
1973," pagefl l through M, which are hereby 
Incorporated by reference and made a part 
hereof. This publication may be obtained 
from the American Conference of Govern­
mental Industrial Hygienists by writing to 
the Secretary-Treasurer, P.O. Box 1937, Cin­
cinnati, Ohio 45201,  or may be examined In 
any Metal and Nonmetal Mine Health and 
Safety District or Subdistrict Office ot the 
Mining Enforcement and Safety Administra­
tion. Excursions above the listed thresholda 
shall not be ot a greater magnitude than Is 
characterized a.a permlsalble by the Confer­
ence, 

(b )  The 8-hour time welght-ed average air­
borne concentration or asbestoo dust. to 
which employees are exposed shall not ex­
ceed 6 ftbers per m!Ulllter greater than 5 
microns In length, as determined. by the 
membrane filter method at 4-00--450 magni-

[ The next page is 5245- 7 ]  
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271 '/- 2'/ - '/ b  Regulat ions 5245-7 

ftcatton. (4 millimeter obJe.c:tlve) phaBO con­
trut Illumination. No employee llhall be ex­
poaed at any time to airborne concentra­
ttoll.!I or asbestos ftbers In excess of 10 ftbers 
longer than 5 mJcrometers, per millUlter of 
air, as determined by the membrane filter 
method over a mJnlmum sampling time of 
15 mJD1Utee. "Asbestos" Is a gen!N"IC term for 
a. number of hydrated slll�te.s th&t, when 
crushed or proce86ed, sepe.rate lntQ tlexlble 
ftbers made up or ftbrtls. Although there 
a.re many asbestos mJner4la, the term "as­
bestos" as ueed herein IR l imited to the fol• 
lowing minerals; chrysotile, amoslte, crocldo­
Ute, anthophyUte asbestos, tremollte e.sbes• 
t06, and a.ctlnollte asbestos. 

(c) Employeea shall be withdrawn troa 
areu where there Is present a.n airborne con• 
tam.lnant given a "C" doolgnatlon by the 
conference a.nd the concentration exceeds 
the threshold limit value listed for that 
conta.mlnant. 

[ § 5 5 . 5--1 amended at 3 9  F .  
R .  24316 , July 1 ,  197 4 . ]  

66.IHI Mandator11. Dust, gas, mat, and 
fume aurveya aball be conducted u fre­
quently aa neceuary to determine the ade­
�uaey of oontrol meuurea. 

55 .5-3 Mandatory. Holes shall be collared 
and drilled wet, or other efficient dust con­
trol measures shall be us� when drtltlng 
nonwater-soluble material. Efficient dust 
control mea.�urcs shall be used when drllllng 
water-soluble materials. 

55 5-4  Muckplles, haulage roads, rock 
transfer points, crushers, and other points 
where dust Is produced In amounts sufllclent 
to cause a health or Si!.(ety hazard should 
be wetted down as often as necessary, unless 
dust Is controlled adequately by other 
methods. 

66.6-5 MandatoTJI. Control of employee ex­
posure to harmful airborne contaminants 
shall be, Insofar ae feasible, by prevention 
of contamlriatlon, removal by exhaust ven­
tUatlon, or by dilution with uncontami­
nated air. However, where accepted engineer­
Ing control measures have not been devel­
oped or when neceBSary by the nature of 
work In.wived (tor example, while establish­
Ing controls or occasional entry Into haz­
ardous atmospheres to perform maintenance 
or Investigation) ,  employees may work for 
relLll<>nable periods of time In concentrations 
of airborne contamJnants Hceedlng perml.e­
alble levela If they are protected by appro­
priate respiratory protective equipment. 
Whenever respiratory protective equipment 
Ls used a program for selection, maintenance. 
training, ftttlng, supervision, cleaning, and 
\l.lle llball mee\ the following minimum 
requirements: 

(a)  Mining Enforcement and Safety Ad­
ministration approved respirators which are 
applicable and suitable tor the purpc.,se In­
tended shall be furnished, and employees 
shall use the protective equipment In ac­
cordance with train Ing nnd Instruction. 
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(b )  A respirator program con.slstent with 
the requirements of ANSI Z88 .2-1969, pub­
lished by the American National Standards 
Institute and entitled "American National 
StE>ndards Practices tor Respiratory Protec­
tion ANSI• .Z88.2 1969," approved August 1 1 ,  
1969, which 1B hereby Incorporated by refer­
ence and made a part hereof. This publl­
ce.tlon may be obtained from the American 
National Standards Institute, Inc., 1430 
Broadway, New York, New York 10018,  or 
may be examined In any Metal and Non­
metal Mine Health and Safety District or 
Subdistrict Ofllce of the Mlnl_ng Enforce­
ment and Safety AdmJnlstratlon. 

(c )  When respiratory protection Is used In 
atmospheres Immediately harmful to life, the 
presence of at least one other person with 
backup equipment and rescue capability 
shall be required In the event of failure 
of the respiratory equipment. 

[ § 55 . 5--5 amended at 39  F . 
R .  2431 6 ,  July 1 ,  1974 . ] 

[>5.5· 6 through 65.5- 14 ( Reserved I 
( 34 F.R. 1 2504, July 3 1 ,  1969, as e.mended at 
35 F.R. 3 66 1 ,  Feb. 25, 1070; 35 F.R. 18,';86, 
Dec. 8 ,  1 070 j 

Physical Agents 

55.5-50 Mandatory. (a) No employee shall 
be permJtted an exposure to noise In excess 
or that specified In the table below. Nol.Be 
level mell.'!urements shall be made uslng a 
sound level meter meeting spedftcatlons !or 
type 2 meters contained In American Na• 
tlonat Standards Institute (ANSI) Standard 
Sl ,4--197 1 ,  "General Purpose Sound Level 
Meters," approved AprU 27, 1071, whlch ls 
hereby Incorporated by reference and made a 
pa.rt hereof, or by a dosimeter with similar 
accuracy. This publication may be obtained 
from the American National Standards Insti­
tute, Inc., 1 430 Broadway, New York, New 
York 10018, or may be examined In any Metal 
and Nonmetal Mine Health and Safety Dis· 
trlct or Subdistrict Office of the Mining En­
forcement and Safety Administration. 

PERIUSSmLE NOISE EKPOSURES 
Duration per day, sound level, dBA, 

hours of exposure : slow response 
8 - - - - - - - - - - - - - - - - - - - ------------- 90 
6 - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- 92 
4 - - - - - - - - - - - - - - - - - - - - - - - - - - ------ 95 
3 - -- - -------- - - - - - - - - - - - - - - - - - --- 97 
2 - - - - - - - - - - - - - - - - - - - - - -- - - - - ----- 100 
1 1/, - - - - - - - - - - - - - - - - - - - - - - - - ------ 102 
1 - - - - - - - - - - - - - - - - - - - --------- ---- 105 
½ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 10 

. ¼ or less _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ 1 1 5  

N o  exposure shall exceed 1 1 5  dBA. Impact 
or Impulsive noises shall not exceed 140 dB, 
peak sound pressure level. 

NoTE. When the dally noise exposure Is 
composed of two or more periods or noise ex­
pooure at different levels, their combined 
effect shall be considered rather than the 
lndlvldu11l effect ot each. 
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U the aum 
cl+a,+ . .  ; cit 
T.T. Tr;' 

exceeds unity, then the mixed exposure shall 
be considered to exce&d the pertnlsslble ex­
poeure, o,. lndlcatea the total time of expo­
sure at a specl.fted noise level, and T .. lndl• 
catea the total time of eapoaure permitted at 
that level, Interpolation betw1111n tabulated 
valuee may be determined bJ the following 
formula: . , 

log 2'=6.322-0.0602 SL 

Where 2' la the time In hours and . sr.· la the 
sound level In dBA, · 

(b) When employees• . exposure exceeds 
that listed In the above ·table, fea.slble ad• 
mlnlatra.tlve or engineering "°ntrols shall be 
utilized. If auch controls tall to reduce ex­
posure to within pennlselblo leveta, personal 
protection equipment shall be provided and 
Ullld to reduce sound level.a to wlthln the 
Jev�la ot tht table, 

30 

[ § 55 . 5--50 added at 39 F . R . 
28433 , .  August 7 ,  197 4 . ]  

§ 55.6 F.Kplosives: 
The , : term "explosives" • as used In this 

i 55.6 Includes bla.stlng agents. The s tand­
ards In this section In which the term "l'X• 
plostves" appears are applicable to blasting 
agent.s (as well as to other explosives) unless 
blasting agents are eapressly excluded. 

STORAOII: 

. 55.6 -1 Mandatorv. Detonators and ex­
plosives other than blasting agents shall be 
stored ln magazines. 

© 1976, Commerce Clearing House, Inc. 
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o7.4- 75 Ma11datory -n� l t  conveyors shnl l 
be equipped with sl lppl\j;o and sequence 
sw itches .  

( § 5 7 . 4-- 7 3  - 5 6 . 4--7 4  added 
at 38 F . R . 
2 9 ,  1 9 7 3 .  

2 3 382 , Augus t  
§ 5 6 . 4-- 7 5  e f f ec-

1 9 7 3 . ) t ive October 1 ,  

57.4-85 Mnnda.tory. Stationary diesel 
equipment  shnlt not be supported on n com­
bustible bnse. 

[ § 5 7 . 4--85  added a t  4 1  F . R .  

2 3 6 1 6 , e f f ec tive J uly 15 , 
1 9 7 6 . ) 

57.4 - 86 Mnndntory. Stntlonnry diesel 
equipment shnll be provided with n thermal 
sensor wh ich nutomntlca. l ty  stops the diesel 
engine should overhentlng occur. 

( § 5 7 . 4--86 added a t  41 F . R . 

2 36 1 6 , ef f ec t ive July 15 , 
1 9 7 6 . ] 

[ ,17903 . 05 ] 

§ 57.5 Air quality, v�ntllatlon , radiation 
and physical agents._ 

Air Q1.1ality 

G EIHRAL · -.SU RFACE ANO  UNDEJIGROUND 

67.5-1 Mandatory. Except e.n permitted by 
I 67.5-6 : (a.) Except as provided In paragraph 
( b ) , the eX'J)Osure to airborne contrunlna.nts 
shall  not exceed, on the basis ot a time 
weighted a.verage, the threshold l imit  vnlues 
adopted ·by the Amerlca.n Conference ot Gov­
ern rnen ta! Lnduetrla.1 Hyg1en!Jlts, 8.8 set torth 
and explained In the 11173 edi tion of the Con ­
ference's publ lr.allon, en lit.led "11,V's Thresh ­
old Limit  Va.l ue,i tor Chemical Subeta.nr.e� In 
Work rr,om Air  Adopted by ACO IH tor 1 073," 
pages I through 54, which a.re hereby ln ­
C(Jrp"rated by reference and mil.de e. part 
hereof. Thi.!! publ lca.tlon may be obtained 
rrom the Amertca.n Conference ot Govern­
menta.l IndustrlAI Hygienists by writing to 
the Secretary-Treasurer, P.O. Box 1 937, Cln­
clnnlltl ,  Ohio ·4620 1 ,  or ma.y be examined In 
any Metal and Nonmetal Mine Health and 
Sa.Cely District or Subdistrict Office ot the 
Mining Enforcement a.nd Safety Admln l.Btra­
tlon. Excursions a.bove the listed. thresholds 
shall not be or a. greater mAgnltude than Is 
cha.racterlzed a.s permissible by t.he Confer­
ence. 

( b) The 8-hour time w�lghted avera.ge air­
borne concentration ot asbestoa duet to 
whl,h employees a.re exposed shal l  not exceed 
5 fibers per ml l l l l lter great.er than 6 m icrons 
m length.  as determined by the membrane 
flt te r me lhotl at 400-450 magnltlca.tfon ( 4 
mt l l lm� ter objective ) phase contrast  l l luml-
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na.tlon . No employee shall be expo11ed at a.ny 
time to a.lrborne concentmtlorui or asbestos 
fibers I n  excess ot 10 fibers longer than 5 
m icrometers, per ml l l ll lter or air ,  a.s deter­
mined by the membrane fi l ter  method over o. 
minimum sampling time or 15 minutes.  As­
bestos Is a. generic term for a. member ot 
h ydro.ted sl l lcates tha.t, when crushed or 
processed , separa.te I n to ·fiexlble fibe rs ma.de 
up  ot fibrils .  Although there nre ma.ny a.s­
bestos mlnernls, the term "a.sbestos" as used 
herein Is l imited to the fol lowlng mlnera.ls; 
chrysotlle, amoslte ,  crocldollte anthophyl lte 
asbestos, tremollte a.sbestos, and a.ctlno) lte 
asbestos. 

( c )  Employees shall be withdrawn from 
area.s where there Is presen t  nn a.Ir-borne 
contnmlna.n t  given a "C" designation by the 
Conference a.nd the concentra.tlon exceeds 
the threshold l im it value l isted tor that 
contam inant. 

[ § 5 7 . 5--1  amended at 39 F , R .  
2 4 3 19 , July 1 ,  19 74 . )  

67.5-2 Mand4tory. Du.at, gM, ml.st, IUld 
fume surveys shn.11 be oonducted 1111 fre­
quently o.s neces.snry to determ.lne the a.de­
qwu:y ot control measuree. 

67.5-3 Mandatory. Holee s hall be collared 
a.nd drl l led wet, or other efficient d ust-con­
trol measures shal l  be used when dril l ing  
non-wa.t.er-soluble mo.t.ertal . Efficient dUBt­
control measures s.ha.LJ be used when drUl lng 
water-solu ble  materials. 

67.5--4 Muckpll es, haulage road!;, rock 
transfer points ,  crushers, and other pol n t.6  
where d u.s t  l s  produced In amounts sufficient 
to c11use a. health or sa.!ety hazard should be 
wetted down as often a.s necessary, unless 
the dust Is control led adequately by other 
methods. 

� I 5-5 Ma11datory. Control of employee ex­
posure to ha.rm.tu! airborne cont.run l nn.nts 
she.II be, l n.'l<>far 11S tea.slble ,  by preven tion 
or contRmlr1atlon. removRI by exhaust ve ntl-
1 a.lion, or by  dll ullon with unconta.mlnnted 
l\ l r .  llowever, where accepted englne<>rlng 
con trol 111ens u rea have not hr.en developtd 
or when 11ec�&sl\ry by the nature or work 
l n V(JI Ved ( for txo.mple, while C11t.ablLshlng 
controls or ocC11Slrmal entry I n to ha1.ardoun 
a.tmospheres to perform mal n t.ena11ce or 
I nvestigation ) .  ·employees may work for ret1.­
sona.ble per lcxis of time In concentration of 
a irborne contl\ml ne.nts exceeding permissible 
levels tr they are protected by appropriate 
respiratory protective eq u ipment.  Whenever 
respiratory protective equipme n t  Is used a. 
program ror selection, maintenance, trai n ­
ing, fitting, supervision, clea.nlng, a. n d  w;e 
shal l  meet the fol lowing min imum require ­
ments . 

( a ) ·  Mining E nforcement a.nd Safety Ad­
mln lstra.tlon a.pproved respire.tors which a.re 
a.ppllcable &nd su itable ror the purpose I n ­
tended shall b e  furnished, e..nd employees 
sh e. I I  use the protective equipme n t  In accord­
ance with trai ning and I nstruction .  

( b )  A resplr,<tor program consistent with 
the requirements or ANS[ Z88 2 - 1 969, pub­
l lshe<I by the Amer ican Nation a l  Standards 
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I natllute and entitled "Amer ic a n  National 
Sta ndards Practices for Resplrn , · ri· Protec­
tion ANSI Z88.2- 1969, approved A ugust 1 1 ,  
1 969, which Is hereby Incorpora ted by refer­
ence and m11de a part hereof. This publica­
tion may be obtained from the American 
National Standards Institute, I nc., 1 430 
Broactw11y, New York, New York 1 00 1 8, or 
may be examined In a.ny Metal and Non ­
metal M i n e  Health a n d  Safety District or 
Subd istrict Office or the Mining Enforcement 
and Safety Admlnlstratlon. 

( c) When rcsplratory protection Is  used In 
at.mospheres Lmmedlately harmful to I LCe, 
the presence or at least one other person 
with backup equ ipment a.nd rescue capabUlty 
shall be requ ired In  the event or failure or 
the respiratory equipment. 

( § 5 7 , 5--5 amended at 39 F . R .  
24320 , July 1 ,  19 74 . ] 

57.6--6 through 57.5-9 ( Resened ) 
SoRFA• • ONLY 

57.6-10 through 57.6-14 ( Reserved ) 
U N DERGROUND 0NLT 

57.5-1 6  Mandatory, Air In  all active work ­
ings shall contain at least 19.5 volume per­
cent oxygen. 

( § 5 7 . 5--15 amend ed at  41 F . R . 
23616 , effec tive July 15 ,  
19 76 . ]  

57.5-16 through 57.5-17 [Reserved ] 

VENTILATION 

GENERAL-SURFACE AND UNDERGROUND 

57.5-1 8A through 57.5-18Z ! Reserved ] 

SURFACE ONLY 

57.5-19A through 57,5-19Z [ Reserved ] 

UNDERGROUND ONLY 

07.5-20 I Reserve<! I 
57.f>- 2 1  Main C a ru;  should b e  installed on 

the surrace; tr It  Is necessary to locate them 
underground, t.bey should be lo tlre-reslstant 
ll!'eo.s Md should be provided with remote 
controls. 

57.f>-22 Mandatory. Fa.o how;logu a.rid a1r 
duct3 connecting rnal n  fa.ru. to underground 
open.Jogs shall be tlre-roolsta.nt. 

67.5- 23 Separate mine openi ngs should 
be provide<! !or main Intake- and return -air 
currents except during early stages of devel. 
opment. A mul tiple compartment shaft la a 
s lnglo opening tor tbe purpose of tblll 
standard. 

57.5-24 ( Reserved l 
57.fr.25 Main rans &bould be Ul.opected 

a.nd malntaln�d properly, 
57.5-26 lllst.ruments &bould be provided 

to t66t the ml..n11 atmosphere qua.n tJ tMlvely 
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tor carbon monolf.lde, nitrogen dioxide, and 
other gases tbat occur In tbe r:ntne. Tosto 
6.bould be conducted ns frequently a.s necee­
aru-y to a.&ure tba.t the required quallty ot 
air 1a m.al.ntalnoo. 

67.6-27 Fie.me safety lamps or other BU.lt­
ablo devices ohoWd be UBed to tec;t tor acute 
oxygen deficiency. 

67.6-28 Mandatory. UnventUated w-eas 
aba.lJ be oeo.Jed, or oorrl.caded a.nd posted 
againBt en try. 

67.6-29 When used, ventuatlon tubing 
BhoWd be 1.nstalle<i so that the air current 
aweeps t.be face areas elfectJvely. Maximum 

!l.lstsuice ot the end of tbe tubing from th•� 
race ge:uereJ.ly should be 30 feet for blowing 
a.nd 6 feet tor exhausting. 

67.6-30 Ventilation doors not operated 
meohl\Illcally should be designed and ln­
ste.Ued so that tbey w-e selt-cl0&lng and will 
rem.a.In cl06ed regard1C66 of the direction ot 
the air movement. 

57.5-3 1 Mandatory. Ventilation dool'II 
shall be : 

(a )  Substantial ly  constructed. 
(b )  Covered with flre-retarda.nt material, 

If constructed of wood. 
( c )  Maintained In good condition. 
(d )  Selr-closlng, tr manually operated. 
(e )  Equipped with audible or visual wwn­

lng devices, If mechanlcally operated. 

[ § 57 . 5--31 added at  41  F . R .  
2 3616 , effec t ive �uly 15 , 
1 9 7 6 . J  

57.5-32 Mandatory. When ventilation .con­
trol doors a.re Of>ened as a part or the nor• 
ma.I mining cycle, they shall be cloood as soon 
as .possible to re-establish normal velllt1.la.tton 
to working places. 

( § 5 7 , 5--32 added at 41 F . R . 
2 361 6 ,  e ffec t ive July 15 , 
1 9 7 6 ;  corrected at 41  F . R .  
28266 , July 9 ,  1 9 76 . J  

( § 5 7 , 5--33 thru 5 7 . 5--36 
Reserved . J 

RADIATION 

In tb.ooe stand.a.rda In I 67 .6 wh1oh re late 
to rad1111t!on, a ' 'workl.ng level" (WL) means 
any combination ot the sbort.-11 voo 1"6don 
daugb t.ere 1n one 11 ter of a1r tibat will resu.J t 
ID the ultimate emission of 1 .3 x 10" MeV 
(mtlllon eleotron volt.II) ot potential alpha 
energy, and exposure to these radon daugh• 
tern over a period of time Is expresaed In term& 
ot "worltlng level montb.s" ( WLM) . InheJa,.. 
tton ot a.lr oonta.l.n.lng a radon daughter oon­
cent.ratlon ot 1 WL tor 170 hoW'II resu.Jta 1D 
an exposure ot 1 WLM. 

(i) 1 976, Commerce C learing House, Inc. 



SLIDE 1 1  

The ca lcu lat ion of the volume sampled is as fo l lows: 

8hr. x 60min. per hr. = 480min. 

480min. x 2 I . per min. = 960 I .  or 0.96m3 

The average dust concentrat ion dur ing the per iod 
sampled is ca lcu lated by: 

1 1 .5mg. 
3 
= 1 2 .0mg. per m3 

0.96M 
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However, he should submit this filter in the cassette which was originally collected 

to a laboratory for determination of the individual metallic constituents. Let us 

assume that the rod which the welder used throughout this shift was Hobart LH 718 

which we find from Appendix 2 in the handbook to contain fluoride, iron, and manga­

nese in quantities which could produce harmful airborne concentrations. The re­

port which we get from the laboratory contains the data shown in Slide 12. 

These results indicate that none of the 8 hr TWA's exceed their TLV's. 

The number of samples which one should collect, if sampling over an entire shift 

is not possible, will be discussed later in Section II-6. 

Example "a" on page 18 of the manual should now be discussed in detail 

with the students. Likewise example "b" on page 18 should be covered because 

this shows how the results from 3 - 100 minute samples are averaged to determine 

an employee 's  8 hour TWA. 

Ceiling limits (C I s) are the maximum peak concentrations for certain 

contaminants which take precedence over their TWA's. The period of time that a 

peak is measured is usually defined to be 15 min. Thus in sampling for C compounds 

one must look over the work operation to find the instances where peaks would be 

expected. Then the peaks which are considered to be the highest will usually be 

sampled. 

Suppose there is a dip tank operation where the worker is exposed for 

only 5 minutes. One would start sampling at the beginning of the dipping operation 

and continue for 15 minutes, that is 10 min. after the completion of that operation. 

Suppose the operation required 30 minutes. Then one would sample for the 15 min­

ute period that the maximum concentrations was expected. The C contaminants 

which are listed in Table 2 are hydrogen chloride, formaldehyde, manganese oxide 

fume, and nitrogen dioxide. 

The next section about Excursion Concentrations, the maximum peaks 

permitted for other than C contaminants, should be presented essentially as listed 

in the handbook at the bottom of page 18 and continued on page 19. Notice there are 

several examples listed in the middle of page 19 which should be covered. Fif­

teen minutes is the usual period of sampling for Excursion Concentrations and 

Ceiling Concentrations. The two paragraphs at the bottom of page 19 should be 

covered in detail with the students because the first paragraph instructs the in­

spector to collect samples from individuals in a work area who would likely receive 
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the highest exposures. He can then assume that the others in this work area 

should have exposures which would be less than that for the individuals sampled. 

The second paragraph stresses the importance of sampling other shifts, various 

seasons and weather conditions. It is pointed out that in winter, ventilation 

systems may be altered. Heating systems will also be operating and may pro­

duce additional contaminants. 

Record of Sampling Condit\i.ons - A record of sampling conditions 

must be prepared during sampling. A data sheet such as shown in Figure 5 

which is page 21 in the handbook shall be filled as the sample is collected, Fig­

ure 5 contains typical information for one of these sheets. The instructor should 

go over this data with his students and explain the importance of recording this 

information. Particularly the importance of drawing the sketch of the work op­

eration should be indicated to the students. It is particularly important that 

throughout the sampling period the inspector should check his pumps and the 

workers which are being sampled to verify that the pumps are functioning properly 

and the workers are performing their duties as expected, The checldng should be 

on an unpredictable basis, about 1 to 2 times per hour. 

Number of Samples to Collect - A single sample over a work shift 

is preferable . If not, then consecutive samples should be collected. This number 

will usually vary from 3 to 5 samples per shift. One would then average the con­

centrations obtained from these samples to indicate the 8 hour TWA. If grab 

samples are collected such as with detector tubes, then 6 t o  10 randomly spaced 

determinations should be made. When there is a cyclic or a non-continuous work 

cycle, the number of samples will have to be determined from a time study of the 

operation. To verify that a concentration exceeds the "C" value, one should aver­

age the results of at least 3 determinations. 

Submission of Samples for Analysis - The samples after collection 

should be labeled properly and sent with a copy of the completed sampling data 

s beets to the appropriate MESA Technical Support Center for analysis. 

Interpretation of Results - As we have indicated earlier, when one is 

determining if the standard has been exceeded, he should compare the appropriate 

standard with the concentration either in ppm or mg/m 3 with the 8 hour TWA, the 

ceiling, or excursion concentration. Often these concentrations will be averages 

of determinations for the same contaminant under identical conditions. As was in­

dicated earlier several samples must be collected to obtain the 8 hour TWA if a 

single 8 hour. collection is inconvenient. 
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Paragraphs 55. 5-l(c )  and 57. 5-l (c )  of the regu lations provide 

that all persons including employees shall be withdrawn from any area in which 

there is a concentration of an airborne contaminant which exceeds the ceiling or 

"C" value listed for that contaminant. As stated before, one should average the 

results of at least 3 determinations to verify that the "C" concentration is ex­

ceeded. Of course the inspector must prepare a survey report from his own field 

notes and the information he receives from the laboratory. Quite often these re­

sults will be presented in tabular form. Table 3 is an illustration of the manner 

in which this material can be presented. 

Controls 

Introduction - It must be emphasized that the inspector has no formal 

responsibility for recommending, designing or installing proper controls or 

maintaining inhalation contaminants at safe levels in the work areas. However , 

some basic lmowledge of control methodology will assist the inspector in recog­

nizing if installed or planned control methods are appropriate for the problems 

at hand • .  Control methods are divided into 3 types of devices. These are engin­

eer:lng controls, work practices, and personal protective equipment. 

Ventilation - Ventilation may be either natural or mechanical. Natural 

ventilation consists of thermal effects which causes contaminants to rise, and wind 

which causes their concentration to be diluted. These natural forms of ventilation 

usually must be aided by mechanical means because they are not dependable. 

Thermal effects b�come less noticeable with the increasing air temperatures and 

winds vary in velocity and direction. Other factors which, are important in speci­

fying the requirements of mechanical ventilation are the rate of generation of 

the contaminant, the volume of the building, the effectiveness of supply and exhaust 

air openings, and the capacity of existing ventilation equipment. The two forms 

of mechanical ventilation will be described below. 

General or Dilution - General ventilation involves the use of large 

quantities of supply and exhaust air to the work area to dilute the concentration 

of the contaminants .  This may be achieved using _a combination of mechanical 

and natural air supply and exhaust systems. The worker should be located be­

tween the air intake and the exhaust to obtain the optimum removal of contamin­

ants (Slide No. 13). In addition pedestal fans may be used which will be direct­

ed at the sources of the contaminants to reduce their concentration in the breathing 
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EXAMPLE OF GOOD D ILUTION VENTILATION 
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zone of nearby workers. It is important that adequate makeup air be provided 

whenever general ventilation is used. Makeup air must be heated so that drafts 

are eliminated. Pedestal fans are particularly useful for reducing concentra­

tions of welding fumes for welders working on large or complex vehicles. 

Local - A local exhaust system captures a contaminant where it is 

produced or emitted. A local system consists of a hood or duct opening which 

leads to an exhaust fan, an air cleaning device, and finally an opening to the out­

side atmosphere. The local system (Slide No. 14) usually operates on the prin­

ciple of a high capture velocity for the contaminant but a rather low volume of 

air used. Thus the advantage of a local over a general exhaust system is that 

the local requires a much smaller volu�e of air. Local exhaust systems are 

excellent where fixed operations such as· bench welding are performed. Solvent 

vapor degreasers when properly operated require no ventilation systems. 

Isolation of Operations, Workers and Machinery - This section as 

well as the ones describing application of water and other wetting agents and 

other modification processes should be presented essentially as they are in the 

handbook on page 2 6. 

Work Practices - It should be pointed out that often workers normally 

develop good work habits which will greatly reduce their exposures to contamin­

ants. For instance they can position their work so it will be downstream from 

the direction of air movement thus reducing their exposures. They also often 

work with the item at almost an arms length from them and they may have their 

' heads to the side of the work rather .than directly over it , in order to reduce 

their exposures. Thus, they may frequently adjust their position relative to their 

work to be in a more advantageous position. Notice that the above mentioned 

work practices are essentially common sense which one should use to reduce his 

exposures. Likewise it would be important that good housekeeping be performed 

to reduce dust exposures such as cleaning up accumulations of dust. Solvent 

spills must be wiped up promptly. Machines must be maintained so that oil fumes 

are not produced. Ventilation equipment should be checked frequently to make 

sure it is operating properly. Frequently the substitution of products is possible. 

In fact one can often use this means as an inexpensive one for controlling expos­

ure to contaminants. 

Personal Protective Equipment 

Respirators - Respirators are devices placed over the worker's face 

to filter or absorb contaminants from the air or supply pure air from a fan or 
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ADJUSTABLE PICK UP USED IN  BENCH WELDING 
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air line hose to the worker. These devices should not be used except during 

periods when engineering controls are being installed , proper work practices 

are being instigated , engineering control and work practices are not feasible , 

and in emergency situations. Whenever respirators are used they should be 

selected from those approved by MSHA and the National Institute for Occupa­

tional Safety and Health (NIOSH) and used only for the contaminants specified 

in the approvals. 

Instruction should be provided to show the workers how to wear and 

adjust the respirators for proper fitting. The respirators should be cleaned and 
inspected regularly. Worn and deteriorated parts should be replaced, 

Air Purifying Respirators - Air purifying respirators (Slide 15)  con­

tain filters or chemical cartridges and may or may not be reuseable. They re­

move contaminants from the air being breathed. The contaminants for which 
they were suitable are listed on canisters or the mask itself. 

Even though excessive concentrations of airborne asbestos dust and 

paint fumes were not found in the initial study of inhalation contaminants in above­

ground mining and processing activities , it is recommended that appropriate 

respirators be worn by individuals exposed to visible dust containing asbestos 

during brake changing operations or from braking cable drums on large shovels 
and drag lines. Also employees engaged in paint spraying should wear proper 

air purifying respirators for protection from paint fumes and mists. 

Supplied-Air Respirators - Supplied-air respirators (Slide No. 1 6 )  

are two types : continuous flow and pressure demand. Each respirator supplies 

the worker with an atmosphere which is independent of the ambient air. The con­

tinuous flow device supplies the wearer with a select amount of air fed continuous­

ly to it, The demand type has a regulator at the lower end of the breathing tube 

and a diaphragm-actuated valve that opens upon inhalation and closes upon exhal­

ation, In both cases , it is required that the compressed air supply for the res­

pirators not contain harmful amounts of carbon monoxide , oil mists or other con­

taminants. 

Protective Clothing - Protective clothing consists of aprons , gloves , 

special clothing ,  creams , face shields and safety glasses. These are usually 

used to prevent skin absorption or skin irritation from the contaminants. Equip­

ment must have MSHA and NIOSH approval. 

41 



SLIDE 15 

AIR PUR I FYING RESPIRATOR 
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SUPPLIED-AIR RESPIRATORS 
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PROCE DURE FOR HEA LTH SURVE Y INSPECTIONS 

This is described on pages 30 and 31  of the handbook. The instruc­
tor should cover this procedure in detail for the students , particularly empha­
sizing the intended purpose of the condensed handbook which is that it should be 
carried with the inspector in the field to assist his health surveys . The large 
version of the handbook should be left in the field office and used as a reference. 

The significance of the Glossary of Terms,which is included as an 
appendix in both handbooks , should be particularly emphasized. It is important 
that the instructor also mention the purpose of Appendix I in the large handbook , 
which is entitled "Mode of Entry and Physiological Effects . "  The various routes 
of entry of the contaminants in the body should be described as well as Table 1-1 
which contains the physical properties and the physiological symptoms and effects 
of the various contaminants considered in the handbook. The physical form is 
important for the inspector to lmow in order to recognize the possibility of spe­
cific contaminants being hazards in various work instances.  For instance , it 
would be proper to lmow that xylene is a volatile liquid not a gas or solid when 
he would be sampling for it. He should also lmow that ozone is a gas . Noting the 
physiological symptoms of candidate contaminants for a. particular work area will 
help the inspector recognize the one or ones which are producing observable ef­
fects in the workers. It will also help him assign priorities for sampling the 

· most significant contaminants . Recognition of these severe physiological effects 
would , of course , likely initiate termination of the exposures and would require 
that corrective action be taken. 
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REVIEW AND SUMMARY 

Ask the students for any questions. Perhaps they would like to discuss 
certain topics previously covered. Ask if they have any questions concerning the 
Procedure for Health Survey Inspections because this section contains the heart 

of the course. Be sure to allow at least one hour for review and discussion at 

this time. 
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APPENDICES 

INSTRUCTION SHEETS FOR EXPERIMENTS 
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EXPERIMEN T  lA 

INSTRUCTIONS FOR USING T IIE MSA DETECTOR TUBE 
SYSTEM FOR SAMPLING CARBON MONOXIDE 

EQUIPMENT AND MATERIA LS REQUIRED 

1. One MSA universal sampling pump , Part No_. . 83499 

2 .  One set of  Instructions for Operating and Maintaining the 
MSA Universal Sampling Pump 

3. One box of MSA detector tubes for carbon monoxide , 
Part No. 9122 9 

PROCEDURE 

1 .  In this test the background concentration of  carbon monoxide will be 

determined. In this case background is the concentration of gases 

in the room from such sources as smokers in the room and industrial 

emissions located outside the room. 

2 .  Follow the instruction sheets for the MSA universal sampler and 

the carbon monoxide detector tubes to set up this system for 

sampling background carbon monoxide. 

3. A sk the instructor to check the system before proceeding with 

the test. 

a. Position the detector tube in the sample pump. 

b. Select the proper orfice (No .  1) on the pump. 

c .  Break off the . tips o f  the detector tube using the hole in 
the top of the pump. 

d. When the test is made wait the required period (a minimum 
70 seconds )  after each stroke. See notes at end of procedure . 

4. After the test is completed , use the proper calibration scale on the 

instruction sheet for the detector tube to determine the carbon 

monoxide concentration. Generally the backg1·otmd concentration · 

of carbon monoxide in a classroom will vary from 1- 15 ppm, 
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Instructions for Using the MSA Detector Tube 
System for Sampling Carbon Monoxide (continued ) 

NOTES 

1 .  Do not permit smokers �o blow smoke into the zone being sampled . 

2, Do not permit student to be injured ·by the jagg·ect glass tips on 
the ends of the detector tubes. 

3, The carbon monoxide tubes can be reused if the stain penetrates 
only a portion of the detector chemical and the tube is reversed 
in the pump . .  The second test should not be delayed for more 
than 4 hours during which time the ends of the tube should be 
covered with rubber caps. 
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EXPERThiENT lB 

INSTRUCTIONS FOR USING THE MSA DETECTOR TUBE 
SYSTEM FOR SAMPLING FREON 

EQUIPMENT AND MATERIALS REQUIRED 

1 .  One MSA universal sampling pump , Part No. 83499 

2. One set of Instructions for Operating and Maintaining the 

MSA Universal Sampling Pump 

3. One MSA pyrolyzer , Part No. 87505 

4. One set of Instructions for Operating and Maintaining the MSA Pyrolyzer 

5 .  One box of MSA detector tubes for chlorinated hydrocarbons , Part No. 

88536 

6.  One bottle of 10 ml of freon 

7. One pipette with rubber bulb 

8. One 2-liter beaker or 2 lb coffee can 

PROCEDURE 

1 .  Prepare an air mixture with freon by using the pipette to add three drops 

of freon to the beaker (or coffee can). Freon vapors are heavier than 

air and will tend to stay in the beaker. 

2. Set up the pyrolyzer and MSA sampling system as shown by the instruc ... 

tion sheets for the universal sampler , the pyrolyzer and the chlorinated 

hydrocarbon detector tubes (see attached sketch). Ask the instructor to 

check the system before proceeding with the test. 

a. Position the sampling tube of the pyrolyzer with masking tape 

about 3 1 1  from the bottom of the beaker. 

b.  Select the proper orfice (No. 2) for the pump. 

c.  Break off the tips of the detector tube using the hole in the top 

of the pump. See note listed below. 

d. Turn the selection switch (black knob ) on the pyrolyzer to 
11 operate. " Do not turn up the voltage control switch (red knob) 

to 3. 25 volts until immediately before the test is made. 

e.  When the test is made, wait the required period (a minimum 

30 seconds) for pump to fill. 
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BEAKER WITH D I LUTE CON<;ENTRATION 
OF PERCHLOROETHYLENE OR FREON 
VAPOR 
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MSA  SAMPLING 
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MS A DETECTOR 
TUBE 

SKETCH OF SYSTEM USED FOR EXPERIMENT 1 8  
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f. Determine the length of the blue stain which develops in 

the tube by comparing it to the millimeter scale on the instruc­

tion sheet for the detector tubes. 

3. After the test is completed , use the calibration chart on the instruction sheet 

for the detector tubes to determine the freon concentration. The freon con­

centration in this test will generally be about 500 ppm. 

NOTE: Do not permit students to be injured by the jagged glass tips on the ends 

of the detector tubes. 
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EXPERIMENT 2A 

IN STRUCTIONS FOR USIN G  THE DMGER DETEC TOR TUBE 
SYSTEM FOR SAMPLING TOLU E N E  

EQUIPMENT A N D  MATERIA LS REQ UIBED 

1 .  One Drager hand pump , Model No . 31 

2 .  One box o f  Drager detector tubes (5/a)  Catalogue No.  CH2 3001 
for toluene 

3 .  One bottle with 10 ml o f  toluene 

4. One pipette with rubber bulb 

5 .  One 2-l iter beaker (or 2 lb coffee can) 

PROC E DURE 

NOTES 

1 .  Prepare an air mixture with toluene by using the pipette to add three 

drops of toluene to the beaker or  coffee can . Toluene vapor is 

heavier than air and will tend to remain in the beaker .  

2 .  Follow the instruction sheet for th e  Drager detector tube for 
toluene to set up the sampling system. Ask the instructor to 

check the system before proceeding with the fest . 

a ,  Have the inlet to the detector tube about 3 1 1  from the bottom 
of the beaker when the test is made. 

b.  Break off the tips o.f the detector tube using the hole in a key. 

c .  When the test is made , wait for the bellows to fill after each 
stroke, 

3 ,  After the te st i s  completed , compare the length o f  the brown stn.in 

to the scales on the side of tho tube to determine the concen tration 

of toluene. Usually the concentration will be about 200 ppm . The 

MESA standard for toluene is 100 ppm for an 8 hour shift. See the 

notes listed below. 

1 .  Be sure to read the scale on the tube which corresponds to the 
number of strokes which are taken. 

2 .  Do not permit the students to be injured by tho j agged glass tips 
on the ends of the detector tubes.  
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EXPERIMENT 2 13  

INSTRUCTIONS FOR USING THE DRA GER DET E C TOR TUBE 
SYSTE M FOH SA MPLIN G  CARBON MONOXI D E  

EQUIPMENT A N D  MATERIA LS REQl!IRED 

1 . One Drager hand pump ,  Model No,  3 1  

2 .  One 3-liter plastic gas bag , Environmental Measure ments , Inc . 

3 . One box of Drager detector  tubes (5/c ) C atalogue No .  C H  20601  
for carbon monoxide 

4. One 4"  piece of 1/4 "  ID rubber hose · 

PROC EDUR E 

1 .  A sk one of the students  who i s  smoking to exhale one breath of 
cigarette smoke into a 3 l i ter plastic bag half filled with air . 

2 .  Knead the bag to mix its contents. 

3 .  Follow the instruction sheet for the Drager detector tube for 
carbon monoxide to set up the sampling bag, Exhaust a few 

milliliters  of air from the bag before the detector tube is  

attached to  remove the high concentration of smoke which is  
trapped in the hose.  A sk the instructor to check the system 
before proceeding with the te st, 

a .  Break off the tips o f  the detector  tube using the 
hole in a key . 

b ,  When the te st  i s  made , wait for  the belfows of  the 
pump lo fill after each stroke. 

4.  After the te st is complete d ,  compare the l ength of  t he brownish 

green stain to the scales on the sides of the tube lo de term inc 
the concentration of carbon monoxide. Generally the concen­
tration for Lhi s test will be about 200 ppm . The MESA stanclarc\ 
for cai-bon monoxide i s  50 ppm for an 8 hour .shift .  See the 
notes li sted below. 
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Instruct ion s for U s ing the Drage r Detec !lH' Tube 
Sy stem for Sampling C arbon Monoxide (continued ) 

NOTES 

1 .  Be sure t o  read the scale ,on the tube which corresponds t o  the 
number of strokes which are taken. 

2, Do not permit  the students to be injured by the jagged glass 
t ips on tho ends of  the detector tube. 

3 .  After a negative result , this tube can be used u p  to 1 0  times 
on the same day. 
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EXPERIMENT 3A 

INSTRUCTIONS FOR SETTING UP A SA MPLING SYSTE M FOR 
WE LDING FU MES CONTAINING CADMIU M ,  LEA D OR SILVER 

EQUIPMENT AND MATERIA LS REQUffiED 

1. MSA pe rsonal sampling pump , Type G 

2 .  One 3 1 piece of sampling hose , Bendix C atalogue No.  3 900- 90 8  

3'. One MSA cassette Part No.  457193  

4 . One 4 1 1  piece of 1/4" ID rubber hose 

5 .  One flow meter such as the Matheson 603  with the 
calibration curve 

PROCEDURE 

NOTE 

1. Set up the sampling system for welding fume s  containing 

cadmium , lead or silver by arranging the above items in 

the o rder pre sented. 

2 .  A sk the instructor to check the system before proceeding with 
the test. 

3 , U se the calibration curve to indicate the proper setting for the 
flow meter  to obtain the desired flow rate of 2 .  0 1pm, It has 
been fow1d that this  flow meter in the "upstream " measure s 
the flow rate accurately as verified by a wet te st meter  or 

bubble meter ,  

Attach the flow meter to the cassette only during the period that 
flow rate reading·s are desired. 
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EXP ElU,\ l  l� NT :m 

l t'!STJ W C TJ O N S  l•'OH S E'TTlNG U P  i\ Si\ l\ I P LING S Y ST E I\ I  
USIN G Tl ! E  C l lA l{COA L T U BE 

E< J U lP i\-l E N T  Of{.  l\ 1/\ 'l 'UUA LS HEQ U ill .ED 

1 .  

,, 
.., , 

3 .  

4 .  

5 .  

G .  

7 .  

One Bendix :l DOO per sonal sampling pump 

One :l ' p ieoe of  sampl ing h o se , 13endLx C alalog·uo N o .  :r no 0 - 90 8  

O n e  l\ISA charcoal  lube holder , Ca talogue N o .  4 5 90 5 ,1 

One cha rcoal  Lube , 1\ISA C atalogue No .  11 5 9004  

One  charco a l  Lube plast ic  cap  with both ends  opened 

One 11 ." p i ece  of 1/4 "  ID 1�ubber hose 

One  f l ow meter such a s  the Matheson GO l wi th the 
cal ibra t ion curve  

PHOC.E D UH. E  

N OTE 

1 .  Se t  u p  the 0arnpl ing  system for the cha rcoal tube  u s ing the 

charcoa l tube l.Jy arranging tJ1e above i tems  in lho o rder 

presen ted .  See attached sketch . 

2 ,  1\ sk  Lhc i n s tr ucto r lo chock the sys tem be fore  !)roccoding 

w i th Lhe l e s t . 

3 .  U se the ca l ibral ion curve t o  approx ima te Lho des i red f low 

r a te o [  GO  cc  pe r minu te .  (Errors  of 20% Lo 80% have  been 

found fo r !he f low 1·a tes  when u s ing th i s  sampling  sy s tem , ) 

For accu 1.· ,1 Lc work one mus t  prepare a s pec ia l  c a l i brat ion 

� raph based on we t Le s t  me ter  or  bubble rncle 1· 1·c ad ing;s 

wh ich  \\' i i  I accura Lc l �, dete rmine  L i le cor rccL  f low ra  Les  for  

! h L' r l o \\' 1 1 1 e l v L' I ' l) :t < l i ngs  fo r eaeh Bend ix  :.l DOO  pu 1 1 1 p  whe n 

u sed w i t h  a cha rcoa l t ube .  

The [ l ow  rnl'l. c r  and  l he  sho d p iece  o f  rub l i L' l' ho�c  , 1 r c  J l ( ) l  l ef t  
ups tn� a ni n f  I l i c  c a s se t te dur i ng the sampl ing- por iod , Lrn L a L· c  
at tached when rcad ing-s  are de s ired .  
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