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PREFACE 

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

structors in the presentation of health and safety training courses to the people 

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

company personnel in the use of the survey handbooks. Normally it will be 
the mine safety officers who perform these surveys. This training will be in­

valuable to them when performing surveys of above grou,nd metal and nonmetal 

mining and processing work areas for inhalation hazards. The guide contains 

three sections: Suggestions to the instructor, an intrc;>duction to tµe 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 training aids required for the course consist of sa,npling 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 informa­
tion on general subjects that the trainees already have some fundamental know­

ledge about. It can only be successful if a sense of mutual cooperation is estab­

lished 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 lectures to be 

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

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 instruc­
tor; 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 handbooks. Be sure 

to distinguish between the larger one entitled "Handbook for Surveys for Inhala­

tion Contaminants in Above Ground Metal and Nonmetal Mining and Processing 

Work Areas" and the condensed version. The trainees should become familiar 

with these documents, should constantly refer to them, and should recognize 
them as vital tools in their work. Knowing how and when to use the handbooks 

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'' 

haE! been developed to assist company safety officers (and their representatives) 

to perform these surveys. The handbook should be provided to each student for 

use as a manual during the course. Considerable detail has been included in 

the handbook in order that it may guide the safety officers during their surveys 

and assist them in interpreting the results from their determinations. 

Purpose 

The purpose of this course is to provide company safety officers 

with the lmowledge necessary to perform surveys for inhalation conta.mtnants 

in the above ground metal and nonmetal mining and processing work areas. 

Goals and Methods 

The goals of this course are to assist company safety officers in: 

1. Learning how to use the handbooks in performing surveys 

for inhalation contaminants in above ground metal and 

nonmetal mining and processing work areas. 

2. Learning how to interpret the results of the determina­

tions which are obtained •. 

3. Learning how to select proper control measures for 

hazardous situations. 

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. 

Objectives 

The objectives of this course are to enable mine safety officers to: 

I i 



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 

utilizing appropriate control techniques when con­

taminants 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 

Handouts 1 through 6 

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 

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 

-4-
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One for each 
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Item 

Detector Tubes, MSA co2, Catalogue 

No. 85976 

Detector Tubes, MSA CO, Catalogue 

No. 919229 
Detector Tubes, MSA Chlorinated Hydro­

carbons, 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 

Nup:1ber Required 

1 Box 

1 :aox 

1 Box 

1 

1 bottle 

1 bottle 

1 

1 

1 

1 box 

1 box 

1 

Matheson, 603 with Calibration Curve 1 
Matheson, 601 with Calibration Curve 1 

Charcoal Tube Plastic Cap with Both 

Ends Open 1 

Marking Pen 1 
Clipboard 1 
Pocket Calculator 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 present this course in 

the most updated form. 
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COURSE B-2 

INSTRUCTOR'S TEACHING GUIDE 

SURVEYJNG JNHALATION CONTAMJNANTS 1N ABOVE GROUND 
METAL AND NONMETAL MJNJNG AND PROCESSING WORK AREAS 

The purpose of this handbook is to train mine safety officers (and 

their representatives) to recognize hazards from inhalation contaminants in 

above ground work areas of metal and nonmetal mining and processing facili­

ties and to evaluate these hazards by collecting samples, making field deter­

minations and interpreting these results. Title 30, Code of Federal Regula­

tions,Part 55, Health and Safety Standards Metal and Nonmetallic Open Pit 

Mines,and Part 57,Health and Safety Standards: Metal and Nonmetallic Under­

ground Mines required the mine operator to monitor his work areas for specific 

contaminants after the operator receives written notification by the Secretary 

or has "reasonable grounds" to believe that their airborne concentrations 

exceed the standards. Generally the standards are those adopted by the American 

Conference of Governmental Industrial Hygienists in "Threshold Limit Values 

of Airborne Contaminants (197.3). Such action is necessary in order 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 Min­

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

developed to serve as a guide for safety officers 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 safety officer 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 safety officer in remembering the candidate 

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

-6-
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Elements of performing health and safety 

surveys for hazardous situations: 

RECOGNITION 

EVALUATION 

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

used for 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 

Reagent Mixing 

Emphasize that this checklist 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 page 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. 

-8-



7. Substances which are hazardous under normal condi­
tions of control and handling such as carcinogens are 
located at the worksite. 

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 to 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 s ituations 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 i s  provided 
in Appendix I of the large handbook. Referring the students to this appendbc, 
present the physical forms and physiological effects for carbon monoxide , carbon 
disulfide , hydrogen cyanide , stoddard solvent , welding fumes and welding gases. 

It is helpful to the inspector to remember that the following contam­
inants have been found in metal and nonmetal mining and processing surface w�rk 
areas in concentrations exceeding their standards. These are listed on page 5 
of the handbook and are presented below: 

I. Welding fumes. 
2 .  Fumes from metal cutting with torches.  
3.  Solvent vapors from degreasing operations.  
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 2 . 

Although initial studies have not indicated concentrations of airborne 
asbestos dust which exceeded the standard for workers blowing dust fro� b:,:-ake 
drums or working near devices with exposed asbestos lined brakes,  appropriate 
respirators to be worn during these operations would be recommended. 

-9-



Frequently the safety officers will encounter commercial materials 
with 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. Their compositions are also listed in 
this appendix. 

When a suspicious material is enc01mtered whose composition cannot 
be determined from the information at hand , the safety officer should contact his 
corporate officer , 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 (.fuble 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 concentra­
tions of the candidate contaminants. In addition we shall discuss how these re­
aults are evaluated to determine if a violation ,could be issued. 

Using the list of candidate contaminants which was prepared in the 
previous section , the safety officer 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 , Threshold 
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 de­
fined in. Appendix ID. 

-1.0-



SLIDE 2 

STEPS IN  RECOGNIZ ING AN INHALATION 
HAZARD 

I . Use Table I to indicate cand idate contaminants 
for each wor�� area. 

2. Use Th·umb Rules (page 2- I )  to d isclose 
hazardous situations. 

· 3. Use the List · of Most Significant Contaminants 
(page 2�2) as a reminder to suspect these 
particu lar contaminants . 

4. ·  Prepare a List of Suspicious Trade -Name 
Products with their addresses and send 
this to M E S  A Distr ict Off ice or T ecl1nical 
Center. 

-11-



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 

safety officer should attach a cyclone upstream of the membrane filter to remove 

particles larger than 10 micrometers · q.im). 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. A list of the approved coal mine dust 

sampler units is enclosed as Handout 1 which is enclosed. This handout should 

be passed out and explained to the students. Show the students a personal sampler 

system which consists of a cyclone , cassette with preweighed �- 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 

operate at a flow rate of 2 .  O liters per minute. The sampling period for res­

pirable dust samples is generally a complete shift. Using Slide No. 3 ,  describe 

the components of the cyclone and its operation. Caution the inspectors against 

dumping the large particles onto the filters by inverting the cyclones. 

List the operating characteristics of the personal pump: 

Flow 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 

collector 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 = V in liters 
t in minutes 

- 12-



HANOOUT 1 

COAL MINE DUST PERSONAL SAMPLER UNITS 

The following coal mine dust personal sampler units are currently 

approved by the U. S. Department of Health, Education, and Welfare, 

National Institute for Occupational Safety and Health. The approval num­

bers and the dates they were granted are also listed: 

1. Willson Model BC. Approval TC-74-014, issued to 

Willson Products Div. , ESB Inc. , July 18, 1 973. 

2. MSA Model G. Approved TC-74-015, issued to Mine 

Safety Appliances Co. , August 8, 1973. 

3. Bendix Micronair II. Approval TC-74-018, issued 
to Bendix Corp. , April 16, 1975. 

4 , Bendix Model C-115. Approval TC-74-019, issued to 

Bendix Corp. , April 16, 1975. 

5. Bendix Micronair II with Koehler Connector. Approv.;. 

al TC-74-020, issued to Bendix Corp. , April 16, 1975. 

6. Bendix Super Sampler Models 30 and 31. Approval 

TC-74-021 issued to Bendix Corp. , July 7, 1 975. 

Names and Addresses of Manufacturers of Coal Mine Dust 
Personal Sampler Units 

1. Bendix Corporation 
1400 Taylor Ave. 
Baltimore, Maryland 21204 

2. Mine Safety Appliances Co. 
201 North Braddock Ave. 
Pittsburgh, Pennsylvania 15208 

3. Willson Products Div. 
ESB Inc. 
P. O. Box 622 
Reading, Pennsylvania 19603 

-13-
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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 1 1  and 29. 17" of mercury , these errors will be below 5%. If conversion 

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

in Slide No. 5. 
G enerally the sample collectors are placed in the worker's breath ing 

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

the safety officers should check them at frequent intervals to verify that, 

the pumps are operating, 

the filters have not been plugged by h igh dust concentrations and 
the workers appear to be performing their duties as anticipated, 

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

and end of this period. 

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

excellent for sampling organic vapors. 

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

showing the Sipin 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 extend 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 sampl­

ing time allows one to evaluate the worker's 8 hour exposure with fewer samples, 

The Sipin })Umps are portable, battery operated, and rechargeable.  Be sure to 

emphasize 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 cen­

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

-16-



SLIDE 5 

FR . i ·t . _ V in .l i ters x 460 + T in °F x 29.9 1 1 Hg 
Sc In I ers per min. - . . . 0 • . .  , t In m in. 460 + 77 F P 1n Hg 

where FRsc = Flowrate · at ·  standard cond itions 

V = Volume of air tested 

t = Time for V .  to pass through col lector 

T = Room temperature during test 

P = Atmospheric pressure during test 
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These cassettes come with blue and white sampling data cards.. The blue cards 
indicate the samples were collected by government rather than company person­
nel. 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. 
Figure 1 on page 14 illustrates the collection system used for airborne asbes­
tos fibers. Note that this system consists of a 3 piece plastic cassette and a 
Millipore filter with o. 8 µm pores. When this system is used, the top cap of 
the filter cassette is removed and sample is collected with the cassette pointing 
downward. Refer 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 
background 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 nowdemonstrate 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 charcoal, an initial and backup layer 
which are usually analyzed separately. Generally 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 the 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 sampling period. The system should now be removed 
from the instructor.  He should disconnect the charcoal tube and sea,l 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. Collection times are usually limited to 10 minutes at 
1 liter/min using the standard sampling pumps. Thus the volume sampled will 
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CLIP 

CHARCOAL TUBE 

RUBBER SLEEVE 

! TO PUMP 

SPEC IAL HOLDER FOR CHARCOAL TUBE 
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be 10 liters. As described previously, the Sipin low-flow rate pumps are fre­

quently used to increase the sampling time without increasing the volume sampl­

ed. 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 20 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. 

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 - I n  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 contaminant 

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

manufacturers of detector tube sampling systems include Bacharach, Bendix/Gas-

tec, Matheson-Kitagawa, MSA, and National Mine Service Co. /Drager. A list 

of detector tubes which haw been certified is presented as Handout 2 which should 

be passed out and explained to the students. The regulations for certification of 

these tubes were issued by the U. S. Department of Health, Education and Welfare 

and are presented in the Code of Federal Regulations under Title 42 CFR Part 84. 

Because the certification of tubes is a continuing process, one should obtain cur­

rent lists from: 

Office of Technical Publications 

National Institute of Occupational Safety and Health 

Post Office Building 

Cincinnati, Ohio 45202 

The instructor should now illustrate the use of the MSA system to show that the 

background concentration of carbon dioxide is approximately o .  03%. 
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HANDOUT 2 

CERTIFIED GAS DETECTOR TUBE UNITS 

The following gas detector tube units are currently approved by the 

National Institute for Occupational Safety and Health. 

A .  MSA Model 83499 Universal Sampling Pump has been certified for 

use with : 

1 . C arbon Monoxide - Model 91229 gas detector tube. TC-84-015 , 
October 11 , 1973. 

2 .  Carbon Dioxide - Model 85976 gas detector tube. TC-84-025 , 
April 1 8 ,  1974 . 

3 . Nitrogen Dioxide - Model 93099 gas detector tube. TC-84-040 , 
Oc'tober 2 9 ,  1974 . 

4. Sul.fur Dioxide - Model 92 623 gas detector tube. TC-84-046 , 
January 15 , 1975.  

5 • .  Hydrogen Sul.fide - Model 460058 gas detector tube. TC-84-022 , 
March 13 , 1974. 

6 .  Ammonia - Model 460103 gas detector tube. TC -84-034 , 
May 28 , 1 974. 

7 .  Chlorine - Model 460225 gas detector tube . TC-84-042 , 
November 12 , 1974 

8. Acetone - Model 460423 hydrocarbon gas detector tube , calibrated 
for aqetone. TC-84-054 , November 11 , 1975 . 

B.  Gastec Model 400 Multi-stroke Sampling Pump (Bendix PN2417535) 

has been certified for use with : 

1 .  Carbon, Monoxide - Model lLa gas detector tube. TC-84-014 , 
September 6 ,  1973.  

2 .  Carbon Dioxide - Model 2L gas detector tube. TC-84-02 1 ,  
February 25 , 1974. 

3. Nitric Oxide - Model 10 gas detector tube. TC-84-049,  
April 7 ,  1 975 . 

4. Nitrogen Dioxide - Model 9L gas detector tube. TC-84-018 , 
January 15 , 1974. 

5. Sul.fur Dioxide - Model 5La gas detector tube. TC-84-017 , 
February 1 1 ,  1974 
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HANDOUT 2 (continued) 

6. Hydrogen Sulfide - Model 4LL gas detector tube.  TC-84-020, 
February 13 , 1974. 

7 .  Ammonia - Model 3M gas detector tube. TC-84-023, 
April 3 ,  1974. 

8. Chlorine - Model 8La gas detector tube. TC-84-041 , 
November 12 , 1974 . 

9 .  Benzene - Model 121 gas detector tube. TC-84-043, 
December 6,  1974 . 

10. Carbon Tetrachloride - Model 134 gas detector tube. TC-84-036, 
July 17 , 1974. 

11 . Toluene - Model 122 aromatic hydrocarbon gas detector tube, 
calibrated for toluene .  TC-84-053, July 28 , 1975. 

12. Trichloroethylene - Model 132H gas detector tube. TC-84-038 , 
August 9 ,  1974. 

C.  Drager Bellows Pump Model 31 has been certified for use with : 

1 .  Carbon Monoxide - Model CH 25601 (5/c) gas detector tube. 
TC-84-012, August 31 , 1972. 

2 .  Carbon Monoxide - Model 20601 (10/b) gas detector tube.  
TC-84-013, August 31 , 1973. 

3. Carbon Dioxide - Model CH 23501 (0 , 1%/a ) gas detector tube. 
TC-84-029,  May 6,  1 974. 

4 .  Nitric Oxide - Model CH 31001 (2/a) NO + NO2 gas detector tube. 
TC-84-048 , April 4 ,  1975. 

5 .  Nitrogen Dioxide - Model CH 30001 (0 , 5/c) gas detector t ube. 
TC-84-016, October 31 , 1973. 

6. Nitrogen Dioxide - Model CH 31001 (2/a) NO + NO2 gas detector 
tube.  TC-84-048, April 4 ,  1975. 

7 .  Sulfur Dioxide - Model CH 31701 (1/a) gas detector tube.  
TC-84-030 , May 10 , 1974. 

8. Hydrogen Sulfide - Model 67-19001 (1/c ) gas detector tube. 
TC-·84-024 , April 17 , 1974. 

9. Ammonia - Model CH 20501 (5/a) gas detector tube. 
TC-84-031 , May 10, 1974. 

10. Hydrogen Cyanide - Model CH 25701 (2/a) gas detector tube. 
TC -84-051 , April 21 , 1975. 
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HANDOUT 2 (continued) 

11. Benzene - Model 67-26641 (5/b) gas detector tube,  
TC-84-044, December 6, 1974. 

12. Toluene - Model CH 23001 (5/a) gas detector tube.  
TC-84-050, April 21, 1975. 

13. Trichloroethylene - Model CH 24401 (10/a) gas detector tube. 
TC-84-039, October 1, 1974. 

D. Kitagawa Model 400 A spirating Pump (Matheson PN 8014-400) 

(Orifice filter addition approved June 21, 1974) has been certified for use with : 

1 .  Carbon Monoxide - Model 106 S gas detector tube. 
TC-84-019, January 20, 1974. 

2. Carbon Monoxide - Model 100 gas detector tube. 
TC-84-045, January 15, 1 975. 

3. Carbon Dioxide - Model 126 Sa gas detector tube. 
TC-84-026, April 19, 1974. 

4 .  Carbon Dioxide - Model 126a gas detector tube. TC-84-027, 
April 19, 1974. 

5. Sulfur Dioxide - Model 103 Sd gas detector tube. TC-84-028, 
April 1 9, 1974. 

6. Sulfur Dioxide - Model 103d gas detector tube. TC-84-035, 
June 28, 1974. 

7. Hydrogen Sulfide - Model 120b gas detector tube. TC-84-037, 
July 23, 1 974. 

8. Ammonia - Model 105 Sc gas detector tube. TC-84-032, 
May 14, 1974. 

9. Ammoniz - Model 105c gas detector tube. TC-84-033, 
May 14, 1 974. 

10. Hydrogen Cyanide - Model 112 Sb gas detector tube, TC-84-052, 
April 22, 1 975. 
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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 follow­

ing steps should be taken: 

1 .  Select proper orfice if required. 

2 .  Break off the tips of the tube and insert it in the pump. 

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 tubes .  

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 compar­

ing 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 directly 

above the tube. 
In accordance 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 manufacturer's  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 sa.mpling 
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 perform 

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 � rform 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 experiments 

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

utes to complete the experiments at each position. 

It will take a few minutes for the instructor to arrange the materials 
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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. The se instruction sheets are 

numbered lA , lB,  2A , 2B ,  3A and 3B. Each contains a list of equipment and 

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 2B,  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 com­

pleted, 

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 or­

ganic halides ,  Because of their limited availability , these instruments were not 

recommended in Table 2 of the handbook, Also they must have MSHA approval 

if used underground in or by the last open cross-cut or in the return. 

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 Excur sion 

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 ins truments are attached to recorders which plot concentration 

against time (Slide 8 )  and integrators which show the average concentration dur­

ing 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 
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S LIDE 9 

PERSONAL SAMPLING SYSTEM MOUNTED ON AN EMPLOYEE 
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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 
concentration of contaminant being sampled approximates the one he is breath­
ing. 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 col­
lector was placed that there would be no smoke. Personal samples are prefer­
red 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 br eathing 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 i s  less than the minimum 
collection time for the sampling method. 

Standards - The Threshold Liimit Values (TLV's)  which are listed 
in Table 2 are standards which are the maximum permis sible 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, Su.bchapter N, Part 55, Section 55. 5-l (c )  
and Part 5 7  Section 57. 5-1 (c ) .  A copy of these sections which are included should 
be given to each student as Handout No. 3.  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 de­
termined by collecting samples throughout the entire work shift. Calculation 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/m3, we see that 
this 8 hr TWA definitely exceeds the standard. Concentrations of airborne con­
taminant are usually expressed as mg/m3 or ppm. The abbreviation, ppm, stands 
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TYPICAL AREA SAMPLING SYSTEM 
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HANDOUT 3 

Federal Metal and Nonmetal l ic Mine Safe ty Act 

( § 55 . /4--28  added a t  41 F . R . 
2 3612 , e ffective �uly , 15 ,  
19 76 . ) 

65.4---29 Mandatory. When weldh:s; or,c4t• 
ting, sultl\blo pre,•i,.utlons shall ·be t111te11 to 
Insure thl\t smO\clerlnc mell\l or sp.irks d,> 
not, result In I\ !\re, :t'lre extin{l\llshlng equ ip· 
ment shl\ll be lmmedll\tely llVklll\ble 11t the 
Sit�. 
[ § 55 . 4--29 amended at 37 F .  
R .  1 43 69 ;  effective Septem­
ber 2 , 197 2 . J 

55.4--30 F.mploytee should be trnlned In 
the use of fireflghtlng equipment. 

55 .4-31 A l\rel\ghtlng orgar,lzatlon should 
he estl\blltihed, equlpl)t!<l, nnd trained lu tlre­
ftghtlng; drills should Ile held at lea.lit twice 
a vear. 

[ § 55 . 4--32  revoke4 at 3 8  F . · 
R.  23380;  effective August 
2 9 ,  1973 .) 

55.4-33 Mandatory.· Valves on oxygen e.nd 
acetylene t1m\cs shnll be kept closed when 
the content.II .u-e not being used. 

65.4---34 Belt conveyors In \ocaUous where 
l\re would create a ha.z.ard to person.uel 

• should be provided with safety switches to 
stop the drive pulley a11toma.t1ca.lly ln the 
ev�11t of excessive slippage. 

65.4-36 Mandatory. Before any heat IB 
applied to pipelines or containers which 
have contained l\ammable or combustible 

tiubstances, they shall be drained, ventilated, 
thoroughly cleaned ot residual substances 
and l\lled with either an Inert gas or, where 
compatible, fUled with water. 

[ § 5 5 . 4--35 added at  41  F . R. 
23612 , effective July 15 , 
19 76 . ] 

[ § 55 . 4--36 through 5 5 . 4--38 
reserved . J 

55.4-39 Suitable flro extlng\ll&hera ahould 
be provided on &elf-propelled mobllo equlp• 
'!'ent with encloaed �abs. 

[ § 55 . 4--27  renumbered as 
55 . 4-- 39 at  4 1  F . R. 23612 , 
effective July 15 , 19 76 , ] 

!'>5.4--10 Mandatory. Fire alarm systema 
shall be pro•,tded and maintained In operot• 
Ing condit ion or adequl\te fire alarm proce­
dures shall be establl:;hed to warn promptly 
all person� endo11gered by a ftre. 

-3 1-

55.4-4 1 Two exits should be provided 
where '"en work or r.ongregate. 

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

55.4-48 J\fanaatory.-A\l employres shall 
be 1nstn1ct�d nt le11St once encl\ Cl\l�nd!U' 
yeo.1· un !\ re o.la rm slgnrus ond appllrnble 
procedures to be followed In cc.Ee of fire or 
other cm�rgcncy. necorw; of \nslructlon 
sl):UI bt' kept !or two yul\rs, 
[ § 5 5 . 4--48 added at  38 F. R. 
2 3380 , e f fective Augus t 2 9 ,  
19 7 3--see • 8916 . ) 

55.4-49 combustible materials, grease, 
lubricants, or flammable liquids should not. 
be allowed to accumulate where they can 
create a fire hazard., 

[ § 55 . 4--12 renumbered as 
5 5 . 4--49 at  41  F . R . 2 3612 , 
ef fective July 15 , 19 7 6 . ]  
1 34 F.R. 12504, July 3 1 ,  1969, aa amended a� 
35 F.R. 3661 ,  Feb. 26, 1970; 36 F.n. l&SBII. 
De,c, B, 1970) 

r,11901 . os1 

§ 6S.S 'AJr quatny and physical a,enta. 
Alrl Quality 

55.6-1 Mandatory. Except a.s permit.tad by 
i 66.6-5 : 

( a) Except M provided In paragraph (b) , 
the exposure to airborne contaminants shall 
not exceed, on the basis of a time welght.ed 
average, the thresh<:ld limit values adopted 
by the Armerlcan Conference of Govern­
mental Industrial Hygienists, as set forth and 
explained ln the 1973 edition of the Con­
ference's publication, entitled "TL\''s Thresh­
old Limit Val\leS tor Chemical Bubs�ances 
In Workroom Air Adopted by ACOIH tor 
1973," pages 1 tbrougb M, which are hereby 
Incorporated by reference and made a. part 
hereof. This publication may be obtained 
Crom tbe American Conference of Govern• 
mental Induatrlal Hygienists by writing to 
the Secretary-Treasurer, P.O. Box 1937, Cln• 
clnnatl, Ohio 45201 .  or may be examined In 
any Metal and Nonmetal Mine Health and 
Safety District or Subdistrict Office of the 
Mining Enforcement and Safety Admlnlstra• 
tlon. Excursions above the listed thresholds 
shall not be of a greater magnitude than Is 
characterized as permissible by the Confer­
ence. 

(b) The 8•hour time welght.ed average air­
borne concentration oC asbest-06 dust to 
which employees are exposed shall not ex• 
ceed 6 ftbers per mJUlllter greater tha.n 6 
microns In length, as determined by the 
membran& ftlter method at � magnt• 



HANDOUT 3 (continued) 

Regulations 

ncatlollo (4r millimeter obje<:tlve) phase co11-
tra.st Ulum!natlon. No employee &hall be ex­
posed at any time to airborne · conoontra.- , 
tlons or asbestos fibers I n  excess or to .fibers 
longer than 6 micrometers, per mUIUlter or 
air, as determined by the membrane tllter 
method over a minimum sampUng time- ot 
16 minutes. "Asbestos" Is a genttlc term tor 
a number or hydrated slllcstes th.at, whon 
crushed or proce66ed, separate Into flexible 
fibers me.do up ot ftbt11s. Althou11h there 
a.re mAny as�tos mlnerl}ls, the term. "llS• 
best03" u used herein 111 ltmlted to the fol­
lowing minerals; chrysotile, amoslte, crocldo­
Ute, an.tbophyllte asbestos, .tremollte a.sbes­
tos, and actl.nollte e.sbeatos, 

(c)  EmployUB shall be wlU\drawn !torr 
area.s where there ill present An atrl>orne ron­
tamlnant glvon a "C" detilgn.&tlon by the 
Conference and the concentration exceodll 
the threshold limit value llllted tor that 
conta.mtnant. 

[ § 5 5 . 5--1 amended at 39  F .  
R.  24316 , July 1 ,  1 97 4 � ]  

66.6-2 Mandatory. Dust, gas, mlllt, and 
Cuma 11\lJ'Veya shall be conducted u tte­
quently u nece515ary to determine tho ado­
:iuacy of control mn.11uru. 

56.6-3 Mandatory. Holes shall be collared 
and drilled wet, or other efflclen t dust con­
trol mea.surea shall be used when drtl\lng 
nonwater-soluble material. Efficient dust 
control mea.rnres shall be used when dril ling 
water-soluble materials, 

55 5-4 Muckplles, haulage roads, ro<:lt 
tran.�fer points, crushers, and other points 
where dust Is produced I n  amounts sufficient 
to cause a health or safety hazard should 
be welled down as often as n ecessary, u nless 
dust Is controlled adequately by other 
methods. 

116.6-5 Mandatoru. Control of employee ex­
posure to harmful airborne contamlne.n t.s 
shall be, Insofar u feasible, by prevention 
of contamination, removll.l by exhaust ven­
tUatlon, or by dilution with unconte.ml­
nated air. However, where accepted engineer­
Ing control measures have not been devel­
oped or when neceSBary by the nature of 
work lt\rolved (tor example, while establlsll· 
Ing controls or occasional entry Into ha.z­
ardoua atmoapherea to perform maintenance 
or Investigation) ,  employees may work for 
reB110nable periods ot time In concen tratlons 
of airborne contaminants exceeding permla­
alble level.a tf they are protected by appro­
priate reaplratory protective equipment. 
Whenever respiratory protective equipment 
l8 used a program tor 11Clectlon, maintenance, 
training, ftttlng, aupervtalon, cleaning, and 
we shall meei the following minimum 
requirements: 

(a) Mining Enforcement and &Cety Ad · 
ministration approved respirators which ore 
applicable and suitable tor the purpvse In­
tended shall be furnished, and employees 
shall use the protective equipment ln ac­
cordance with train ing and Instruction. 
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(b) A respirator program consistent with 
the requ irements of ANSI ZBB.2-1969, pub­
l ished by the American National Standards 
Institute and entitled "American National 
Stlindards Practices for Respiratory Protec­
tion ANSI• . Z88.2 1969," approved August l 1 ,  
1869, which 111 hereby Incorporated b y  re(er­
ence and made a part hereof. This publi ­
cation may b e  obtained from the American 
National Standards Iru!tltute, Inc.. 1430 
Broadway, New York, New York 100 1 8, or 
may be examined In any Metal and Non­
metal Mine Health and Safety District or 
Subdistrict omce of the Mining Enforce­
ment and Safety Administration. 

(c )  When respiratory protection Is used In · 
atmospheres Immediately harmful to l i te, the 
presence of at lea.st one other person with 
backup equipment and rescue capability 
shall be required In the event of failure 
or the respiratory equipment. 

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

55 .5--{i through 115.5-H ( Reserve<! ) 
( 34 F.R. 1 2504, J uly 3 1 ,  1 968, as s.mended at 
31> F,R,. 3661,  Feb. 25, 1070; 35 F.R. 1 8586, 
Dec. 8, 1 970 I 

Physical Agents 

55.5-50 Mandatm-y. (a) No eroployefl shall 
be permltted au expo11ure to noise In exce&11 
of that specltled In the table below. Nola& 
level measurementa shall be made using 11 
sound level meter meeting specltlcatlons tor 
type 2 meters contained In American Na­
tional Standards Institute (ANSI) Standard 
81 .4-18'7 1 ,  "General Purp06& Sound Level 
Meters," approved AprU 27, 19'71, which 16 
hereby Incorporated by reference and made 11, 

pa.rt hereof, or by a dosimeter with almlle.r 
accurl!.Cy, This publication may be obtained 
from the American National Standards Insti­
tute, Inc., 1 430 Bro&dway, New York, New 
York 10018, or may be examined ln any Metal 
and Nonmetal Mine Health and Safety Dis· 
trlct or Subdistrict Office or the Mining En­
forcement a.nd Safety Administration, 

PERl!!?SSIDLE No!BE EXPOSURES 

Duration per dny, Sound let>el, dBA, 
hours oC e,cposure : slow response 

8 - - - - - -- - - - - - · - · · · · · - - - -- - - -- - - -� 00 
6 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 92 
4 - -- - - - - - - - - - - - - - - - - - - - - - - - - - - --- 05 
3 -- - - - - - - - - - - - - -- - - - - - - - - - - -- - --- 97 
2 - - - - - - - - - -- - - - - - - --------------- 100 
l ½ • • •• • . • • • • • •• • • • • •. • . • • • • • • • • •  102 
1 - - - - - - - - - - - - -- - - ------ - - - -- ----- 105 
½ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 1 0  
¼ or leas _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ __ 1 1 11  

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

Non. When the dally not.se expo.sure la 
composed oC two or more periods ot noise ex• 
pooure at different levels, their combined 
etrect shall be considered rather than the 
lndl vldual effect or each. 



HANDOUT 3 (continued) 

Federal Metal and Nonmetallic Mine Safety Act 

U the aum 
d1+c,+ . ' ·. ; c*-

: .Yi'"T; ,, • '  ,.; 
exeeede unttr., then the mtxed exposure shall 
be considered to exceed the permissible ex• 
posure. a .. tndlce.te.11 the total tlma of expo­
sure at a apecllled noise level, and 7',. tndl• 
catea the total time of expoeure permitted at 
that level. Interpolation between tabulated 
values ma.y be determined by the tollowlng 
formula: 

log 2'=8.322-0.0602 SL 
Wher& 2' 111 the time ln hours and SL' ls the 
sound level 1n dBA, 

· · · 
(b) When employees• . exposure exceeds 

that Hated ln the &bove ·table, feasible ad• 
mlnlstra.tlve or engineering controls shall be 
utilized. It such controls fall to reduce ex:• 
posure to wtthln permtselblo levels, perS<>nal 
proteotlon equipment shall be provided and 
used to reduce sound levels to wtthln tho 
lev,11 of th� table. 

[ § 5 5 . 5�-so· adde�f ·at: 39 ' F . R .  
2843� , �August � , :  197 4 . ] 

§ s·s.6 . · Explosives: 
The .:'term ·"esplostves" • as used In this 

§ 55.6 Includes blasting agents. The stand• 
ards In this section In which the term "ex• 
ploslves" appears are applicable to blasting 
agent.s (&s well as to other explosives) unless 
blasting agents are expressly excluded. 

STORAGE 

55.6-1 . Mandatcrv. Detonators and ex­
plosives other than blastJng agenta shall be 
stored In magazines. 
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HANDOUT 3 (continued)  fcdcrctl Metal  and Nonmetol l ic Mine Solely Act 

67.4- 76 Mandatory -- n�it conveyors shn!l 
be equipped with s l lppl\f.:o and sequence 
sw ltduis. 

[ § 57 . 4-- 7 3  - 56 . 4-- 7 4  added 
n t  3 8  F . R . 2 3 382 , Augus t 
2 9 , 1 9 7 3 .  § 5 6 . 4-- 7 5  effec­
t ive October 1 ,  1 9 73 . ] 

57.4-85 Mandatory. Stationary diesel 
cqll lpment shall not be supported on a com­
bustlhlo base. 

[ § 5 7 . 4--85 added a t  41  F . R . 
236 1 6 ,  effec tive July 15 , 
1 9 76 . J 

57.4 -86 Mandatory. Stationary d iesel 
equ ipment  shall be provided with a thermnl 
sensor which a utomntlcal l y  stops the dle.�e l 
engine should overheating occur. 

[ § 57 . 4--86 added a t  41  F . R . 
2 3616 , ef fec t ive July 15 , 
1 9 7 6 . ]  

[ 117903 .  05]  

§ S7,5 Air quality, v�ntllatlon, radiation 
and physical agents,. 

Air Quality 
GEtH:ML- ·..SURFJ\CE AND UND&IIGIIOOND 

67.6--1 Manctatorv, Except as permitted bf 
§ 57.5--li : (11) Except as provided In p are.graph 
( b ) ,  the elt'pOsuro to airborne contaminants 
shall not exceed, on the b!l.61& at a time 
weighted average, the thre.11hold l i m i t  values 
adopted 'by the American Conference at Gov­
ern mental tndustrlal Hyg1entsts, llll set forth 
and explained In the 1973 edition o! the Con­
ference's publ ication, entit led "TLV's Thresh ­
old Lim i t  Va.lue,s tor Chemical Subata.nces In 
Workroom Air Adopted by  ACOI H  for 1 973," 

pages l through 54, which  are hereby ln­
corpornUld by reterence and ml\de e. part 
hereor, Thl:J p ubllcatlon may be obtained 
Crom the American Conference at Govern­
mental Industrial Hyglenlsl.'I by writing to 
the Secretary-Trel\Surer, P.O. Box 1937, Cin­
cinn ati, Ohio 4520 1 ,  or may be uamlned In 
any Metal and Nonmetal Mine Health and 
Safety Dlst.rlct or Subdistrict Otnce of the 
Min ing Enforcement and Safety Administra­
tion .  Excursions above the l isted thresholds 
shall not be or a grent.er magnitude than Is 
chan.ct<!-rlzed L'l permissible by t.he Confer­
ence. 

( b) Toe 8-hour time w"lghted average air• 
borne concentration at asbestoa dust to 
which employees a.re exposed shall not exceed 
5 tlbers per m il l i l iter gr.-at..er than 5 ml..:rons 
in length, as determined by the membrane 
li l tu me thod at 400-450 magnification (4 
m i l l i meter objective) phase contra.st Il ium!-
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nat ion. No employee shal l  be expor,.�d at any 
time t,o airborne concentrattona o! asbestos 
t\bers In excess or 10 fibers longer thnn 5 

micrometers, per m l l l ll l ter o/ o. lr ,  as deter­
mi ned b y  the membrane tl l ter me thod over a 
min imum sam pl ing t ime or 1 5  m i n u tes /vi ·  
best-as I s  a generic �enn tor a .me mber or 
hydro.led s l l lco.tes that, when crushed or 
processed, separe.te In to tlexlble fi bers ma.de 
u p  or t\brl ls Although there a.re mo.ny n�­
bestos minerals,  the t.erm "asbestos" as used 
herein Ls l im i ted to the rol lowlng m inerals: 
c ll ryso tl le, nmoslte, crocldol lte an thoph y l l te 
asbestos, treruol l te asbestos, nnd act l noll te 
asbestos . 

( c )  Employe"5 shall be w lthdrnwn rrom 
areas where there ls present nn a irborne 
contnmlno.n t g i ve n  a "C" designation by the 
Conference and the concentration exceeds 
the threshol d l im i t  vo.lue l isted !or that  
contaminant. 

( § 5 7 . 5--1 amended a t  39 F . R . 
24 319 , July  1 ,  1 9 74 . ]  

67.6--2 Mattda lory. DuBt, gM, ml.lit, arut 
tume surveys &ball be oonducte<t 118 fre­
quently a.s necessary to downnlne the ade­
quacy ot con trol moa.-;uree, 

67.6-3 Mandato-ry, Hole,i s hall be coUared 
and dr i l led wet, or other efficient dust-con­
trol measures shal l  be used when drill i ng 
non-water-soluble 0111t.erfal, Efficient duat­
control men.sures aha.Li be used when drUl lng 
water-soluble  materials, 

57.5-4 M uckpl!es, h a ulage roads, rock 
tro.nsrer points,  c r ushers, and other poi nt,, 
where dust Is produced In amounts suroctcnt 
to CIJ.Use 11 heal th or safety hazard should be 
wett.ed down as often as ne<:essary, unless 
the d ust Is con trol l ed adequately by  otber 
metbod.8. 

!, I �5 Matid.atory. Control oC employee eK­
posu re to harmful airborne contam lrurnts 
shall be, In.solar as Ceo.slble, b y  preven t ion 
or con t.llmlnatlon, removl\l by exhaust ve nt i ­
l ation, or by dilu t ion w ith uncontamlne.t.ed 
a l t .  However, where accepted eng lne,,r1J1g 
control measures have not bee n ·  deHloped 
or when neccssl\ry  by the nature of y,•ork 
Involved ( tor example ,  while e,;te.bl lshlng 
controls or occ-aslonal entry  In to haz.ardous 
o.tmosphe res to per rorm mai n tenance or 
ln vest lgatlon ) ,  e mployees may work for rea­
sonable perlods or time In conce ntration of 
a irborne contami nants exceeding perm issible 
levels If they o.re protected by approprle.te 
respiratory protective equ ipment. W11enever 
rc:,plratory protective equipment Is use<:! g, 
program !or selection, maintenance , trai n ­
i n g ,  tl ttl ng, supervision, cleaning, a n d  use 
she.II  meet the !ollowlng  mlnln\Um requ lre ­
ments : 

( l\ ) .  M in ing F,nJnrcement nnd Safety Ad ­
ministration approved respirators which a.re 
applicable and sullable for the purpose In­
tended shal l  be  furnished ,  e.nd employees 
6hall use the protective equ ipment In accord­
ance w i th trai n i ng and I nstruction. 

( b )  A resplr,,.tor program consistent with 
the requ irements of ANSI Z68 2-1 969, pub­
l ished by the American National  Sto.ndards 



HANDOUT 3 (continued) Regulations 

I natltute nnd enUtlC<l "Amerlrnn National 
Sta nctnr,ls Proctlce� for Respl rn', ·ry Protec ­
tlon A NSI Z88 2 - 1 969, npprovect August 1 1 , 
l !IG!l, wh ich L� hereby lncorpornted hy retcr­
C u<'e and mnde n part hereof. This pu�l lcn­
llon may he obtlllne-d from the American 
Nat ional Standards Institute, Inc., 1430 
nroa<lwl\y, New York, New York 1 00 1 8, or 
may be e�aml 11ect In ll-ll)' Metal nnd Non­
metal M ine Health and Se.Ce t y  District or 
Subdist r ict omce or the Mi ning Enforcement 
and Safety Admln lstrntlon. 

( c )  When respiratory protection Is u�ed In 
l\t.mospheres lmmcdla.�ly harmful to lite, 
the prcsenr.e or nt least one other person 
with bacl<UP equipment ll.lld rescue capa.bUlty 
shall be  required In the event oC fallure oC 
tM respiratory equipment. 

[ § 5 7 . 5--5 amended a t  39 F . R .  
24 320 , July 1 ,  19 74 . ) 

57.5� through 57.IHl (Resened ) 
SORFA• • ONLY 

57.&-10  through 57.:.-14 (Reserved) 
UND£RCROOND ONLY 

57.5-15 Mandatory. Air In all active work• 
lngs shall contain at least 10.5 volume per• 
cent oxygen. 

( § 57 . 5--15 amended at  41 F . R . 
2 36 16 ,  effec tive July 15 , 
1976 . J  

' 57.5-16 through 57.5-17 [Reserved ] 
VENTILATION 

GENERAL-SURFACE AND UNDERGROUND 
57.5-lBA through 57.5-lBZ £ Reserved] 

SURFACE ONLY 
57.5-19A through 57.5-19Z £ Reserved ] 

UNDERGROUND ONLY 

67.5-20 I ftes.erved I 
57.5 -- 2 1  M11ln faru:. should b e  Inst.a.lied on 

the surface. I! It ls necessary to locate them 
uotlerground, they :;hould be In fire-resistant 
!lreo.s and should be provided with remote 
cont.rots. 

57.5-22 Mandatory. Fan housl.ngn ruid au 
duct .; conne-ctlng ma.In fans to underground 
openlngs &l1al l be Ore -roolGta.nt. 

67 .5- 23 &pa.rate mine openings should 
be provided !or mai n ln t.ake- and return -sir 
currents except d u ring early Gt.ages oC devel. 
opment. A m ul ti ple compartment sbs.ft 111 a 
slngl-i opening for the purpose o{ t.hl.8 
st.Andard. 

57 .5-24 I Res.erved I 
57.5--25 �fai n  rans should be l.nspl!c� 

B.Dd malntaln�d r,roperly. 
57.5--26 lust.rument.s should be provide<\ 

to to,;t the mine atmosphere qua.nUtaAlvely 
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tor cnroon monox.Jde, n1trogen dioxide,  a.n,1 
other gru;es that occur ln the mlne. Toot.a 
&hould b-0 conducLed o.a frequently as neces­
"'U'Y t,o u.r,i;ure t.bat tbe requ.ll'ed qua.l.lty ot 
air la . JDAlntn.lnoo. 

67.f>...27 F1e.me so!ety lamps or other BU1t­
ablo devices ahould be u.sed to u,st ror .:LCute 
01:ygen deficiency. 

67.(>...28 Manaa torv. Unventilated e.reru 
aha!J be OOl\led, or oorrtcaded and poste<l 
t.ga.lnBt 6Il try. 

67.5-20 When u&ed, ventUatlon tubing 
should be Ln.sU}!led GO that the &Ir C\lrtent 
aweeps the filce areas etrecUvely. Miulmurn 

d.lstAnce ot the end of the tubing Crom th•� 
face geaero.l.ly should be 30 feet for blowtn@'. 
iµid 6 feet tor exhamtlng.  

67.5--30 Vrntllatlon doors not opera.too 
me<Jhan.lcallY' sbould be d()Sl�ed and ln• 
etlUled so that they are se1C-cl06lng and wlU 
rema.ln cl06Cd regardle&. of the direction of 
the e.lr movement. 

57.5--3 1 Mandatory. Ventilation doors 
shall be : 

(a)  Substantially constructed. 
(b)  Covered with Ore-retardant material, 

It constructed of wood. 
(c)  Maintained In good condition. 
(d )  Self-closing. IC manually operated. 
(e)  Equipped with audible or visual warn• 

Ing devices, IC mechanically operated: 

[ § 5 7 , 5--31 added at  4 1  F , R .  
23616 , effective �uly 15 , 
1976 . J  

57.5-32 Mandatory. When ventllatlon .1X>n• 
trol doors are opened as a part of the nor­
mal mining cycle, they shall be closed as soon 
a.s .pooslble to re-establish nonnAI venrt;Ua.tlon 
to working places. 

( § 57 . 5--3 2  added at  4 1  F . R .  
2 3616 , e f fec t ive July 1 5 , 
1 9 7 6 ;  corrected a t  41  F . R .  
28266 , J uly 9 ,  1 9 76 , ] 

[ § 5 7 . 5--33 thru 5 7 . 5--36 
Reserved . ]  

RADIATION 
In thooe stAUldArde 1n I 57.6 wh.lab rele.te 

to radlllltlo:n, a "wor� level" (WL) means 
any oombinatlon of the abort-Uvoo re.don 
da ugh t.ere 1n ODe U ter Of air tho.t w1.l 1 rmuJ t 
ln the u l timate emission ot 1 .3 x 10" MeV 
(m11Uon elootron volt.II) ot potential alpha 
energy, and exposure to these radon daogh­
ters over a period of time Is expre.saed In  terms 
<:4 "workl.n« lenJ month.'!" ( WLM ) .  In.h.ala.­
t;too or air oont.a.lJn.lng a radon daughter oon­
cont.ratJon ot l WL for 170 hours r6SU.lt8 In 
an expooure of. 1 WLM. 



S LIDE 1 1  

The ca lcu lat ion of the volun1e sampled i s  as fo l lows: 

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

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

The a_verage dust concent rat ion dur ing the per iod 

samp led is ca lcu late.d by : . 

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

0.96M 
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for parts per million - the parts of gas or vapor contaminant per million parts 
of air by volume. Parts per million can be converted to percent volume by 

dividing by 10, 000, 

Rule 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 ".  
However, he should submit this filter in the ca ssette which was originally col­
lected 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 Appendx 2 in the handbook to contain fluoride , 
iron, and manganese in quantities which could produce harmful airborne concen­
trations.  The report 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 cover­
ed because this shows how the results from 3 - 100 minute samples are averaged 
to determine an employee ' s  8 hour TWA. 

Ceiling limits (C' 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 com­
pounds 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 their is a dip tank operation where the worker is exposed for 
only 5 minutes .  One would start sampling. a t  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 jhe 15 
minute period that the maximum concentrations was expected. The C contamin­
ants 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 
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SLJIH: J 2 

CONTAMINANT AMOUNT VOLUME . CONC. 
DETECTED SAMPLED . (mg./m3 ) 

(mg.) (m3 ) 

Fluoride 2.0 0.96 2.1 

Jron 6.5 0.96 6.8 

Manganese 1.0 0.96 1.0 
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8hr. TWA TLvl 
(mg./m3

) (mg.Ii 

2.1 

6.8 

1.0 

I 
I 

2.5 I 

I 

10 

C5 

I 
I 
I 
I 
I 
I 
I 
I 



perhiitted for other than C contaminants , should be presented essentially as 

listed in the handbook on page 19. Notice there are several examples listed 

in the middle of page 19  which should be covered. Fifteen minutes is the 

usual period of sampling for Excursion Concentrations and Ceiling Concen­

trations. The two paragraphs at the bottom of page 1 9  should be covered in 

detail with the students because the first paragraph instructs the safety offi­

cer to collect samples from individuals in a work area who would likely re­

ceive 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 produce additional contaminants. 

Record of Sampling Conditions - A record of sampling conditions 

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

which is on page 21  in the handbook shall be filled out as the sample is col­

lected. Figure 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 operation should be indicated to the students. It is particu­

larly important that throughout the sampling period the safety officer 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 checking 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 num­

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

the concentrations obtained from these samples to indicate the 8 hour TWA. 

If grab samples are collected such as with detector tubes, then 6 to 10 ran­

domly 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 1 1C 1 1  

value , one should average the results of at least 3 determinations. 

Submission of Samples for Analysis - The samples after collection 
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should be labeled properly and sent with a copy of the completed sampling data 
sheets to a qualified industrial hygiene laboratory. A list of laboratories which 
routinely analyze such samples is .enclosed as Handout 4. The list consists of 
laboratories which are accredited by the American Industrial Hygiene Associa­
tion as well as some which are not. Generally" the safety officers will use the 
c ommercial laboratories to analyze their industrial hygiene samples except for 
dust samples which are analyzed by MSHA . At this time the MSHA laboratories 
do not have the capacities to analyze the other samples. If the safety officers 
prefer to use an experienced industrial hygienist to perform the surveys, they 
should contact their corporate industrial hygienist or the laboratories in Hand­
out 4 which accept for analysis on a fee basis. Many of these laboratories have 
qualified industrial hygienists available for field work. In addition they could 
contact individuals from the list of industrial hygiene consultants presented in 
Handout 5 .  

Interpretation of Results - As we have indicated earlier when one 
is determining if the standard has been exceeded , he should compare the appro­
priate standard with the concentration either in ppm or mg/m 3 with the 8 hour 
TWA, the ceiling, excursion concentration. Often these concentrations will be 
averages of determinations for the same contaminant under identical conditions. 
As was indicated earlier several samples must be collected to obtain the 8 hour 
TWA if a single 8 hour collection is inconvenient . 

The Code of Federal Regulations, Title 30, Chapter I ,  Subchapter N ,  
Part 55 , Section 55. 5-l (c )  and Part 57 , Section 57. 5-l (c )  provides that all per­
sons including employees shall be withdrawn from any area in which there is a 
concentration of an airborne contaminant which exceeds the ceiling or 1 1  G" 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 exceeded. 

Of course the safety officer must prepare a survey report from his 
own field notes and the information he received from the laboratory. Quite often 
these results will be presented in tabular form. Table 3 is an illustration of 
the manner in which this material can be presented. 
Controls 

Introduction - The Code of Federal Regulations, Title 30, Chapter I ,  
Subchapter I ,  Part 55 , Section 55. 5-5 and Part 57 , Section 57. 5-4 requires that 
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accred ited l abo ratories . . . HANDOUT 5 

T h,: followin!J laborat ories havu hoen accredited undnr the Laboratory Accredita tion Prouram of t he 
American lndustri,11 Hy!Jirrn,1 Associat ion:  

Prol1c1ency test ing ts  an in te9ra l  part of  t he l aboratory 
accred1 lil l lon p rogrnm and Is ful f i l led by the labora­
tory's par t IcIp;1tIon in  the NIOSH Proficiency Analytica l
Test ing program {PAT)  Th i s  program present ly in­
cludes bimontll ly samples for lead, cadmium, zinc,
asbestos, si l ica and organic solvents. (The fol lowing

solvents  a re provided on a rotat 1 11g basis. carbon tetra­
ch lor ide ,  benzene t r i ch loroet hy l ene ,  p -d ioxane ,
toluene and chloroform ) Accredited l a boratories are
required lo analyze a l l  mater ia ls  In the PAT P rogram 
which they analyze as a part of  their rout me operat ions. 

The following key indicates those PAT materials ana lyzed by each laboratory: 

1 .  Lead 
2. Cadmium 

Abex Corporation 
Industrial Hygiene Analytical

Laboratory 
4550 W. 26th Street 
Chicago, I l li nois 60623 
C. C. Blackwel l ,  Jr ., M .D. ,

D irector 
( 1 ,2,4,6) 

Aerojet Solid Propulsion Co. 
Environmental  Data Laboratory
P. 0. Box 1 3400 
Sacramento, Cal ifornia 9531 8  
Vladimir Moss, D irector 
( 1 ,2,3,4,6) 

•Aetna Life and Casualty Company
Engineering I ndustr ia l  Hygiene

laboratory 
1 5 1  Farm ington Avenue 
Hartford, Connecticut 061 1 5
John M .  Robinson, D irector 
(7) 

•American Can Company 
Safety & I ndustr ia l  Hygiene 

Laboratory 
U.  S .  H ighway 22 
Un ion, New Jersey 07083
A. A .  Yerg, M .O . ,  Director 
( 1 ,2,3,4,6) 

American Metal Climax, I nc.
AMAX Laboratory 
400 M iddlesex Ave. 
Carteret. New Jersey 07008
Peter R. Soria no, Director 
( 1 ,2,3,4)  

•American M utual I nsurance 
C ompanies 

Industrial Hygiene Laboratory 
Wakefield, M assachusetts 0 1 880 
Leon D. Horowitz, D irector 
( 1 ,2,3,4,6) 

3. Zinc 
4 .  Asbestos 

7. All PAT materials (1 ·6)

eAmerican S melting & Refining 
Company 

Department of Environmental
Sciences Laboratory 

3422 South 700 West 
Salt Lake C ity, UT 84 1 1 9 
Robert 0. Putnam, Ph.D.,

Co-Director 
M. 0.  Varner, Co-Director
( 1 ,2,3,4) 

•Anaconda Company 
Natura l  Resources Division
Environmental Laboratory 
8000 S.  Kolb Rd. 
Tucson, Arizona 85726 
Walter H.  Unger, D i rector 
( 1 ,2,3,5} 

•Analytical Research
Laboratories, Inc ,

1 60 Taylor Street 
Monrovia, Ca lifornia 9 1 0 1 6
M.  L .  Moberg, Director 
(7) 

•Anderson-Nichols & Company, 
Inc .  

A i r  Quality & Industrial Hygiene
Laboratory 

1 50 Causeway Street 
Boston, M a ssachusetts 02 1 1 4
John Chapin, Ph.D . .  D i rector 
(6)  

Arizona Department of Health 
Services

State Laboratory 
1 520 W. Adams  St. 
Phoenix, Arizona 85007
Jon M. Counts, Dr .P .H.  

D irector 
(7) 

• Accepts samples for analyses on a fee bas,s.
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5. Si l ica
6. Organic solvent

Bethlehem S teel C orporation
Environmental Qual ity Control 
Homer Research Laboratories 
Bethlehem, Pennsylvan ia  1 80 1 6
A .  E .  Moffitt, Sc.D. ,  D i rector 
( 1 ,2 ,3,4,6) 

B oeing Aerospace Company 
Industr ia l  Hygiene Engineering

Laboratory 
P. 0.  Box 3999 
Mai l  Stop 4A- 1 9
N icholas P. Novak, D irector 
Seattle, Washington 98 1 24 
( 1 ,2,3,4,6)  

•Burlington Industries, Inc.
E nvironmental Analytical 

Laboratory 
P.  0. Box 2 1 3 2 7  
Greensboro, N orth Carol ina 27420
John D .  N eefus, Ph.D. ,  D irector 
( 1 ,6)  

Chrysler Corporation 
I ndustr ial  Hygiene Services

Laboratory 
P. 0.  Box 1 9 1 9  
Detroit, M ichigan 48231 
L . P. Gendernal ik ,  Ph.D . ,  D irector
( 1 ,2,3,4,6)  

•Clayton E nvironmental
Consultants, Inc.  

257 1 1  Southfie ld Road 
Southfield. M ichigan 48075
Robert D. Soule, D irector 
(7) 

CNA Insurance 
Occupat ional  Health laboratory
CNA Plaza-3 West 
Chicago, l l inois 60685
Ronald G lau, D irector 
( 1 ,2 ,5,6)  
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Connecticut State Department 
of Health 

Laboratory Division 
10 Clinton Street 
Hartford, Connecticut 06106 
William W. Ullman, Ph.D. 

Director 
(7) 

•Continental Insurance Company
Environmental Health Laboratory 
1810 Commerce St.

Dallas, Te><as 75201 
David McNamara, Director
(71

Dow Chemical Company 
Industrial Hygiene Laboratory 
1707 Building 
Midland, Michigan 48640 
Ralph Langner, Ph.D., Director 
(4.6) 

E. I. DuPont de Nemours 8t 
Company

Haskell Laboratory 
Elkton Road 
Newark, Delaware 19711 
John A. Zapp, Ph.D., Director 
(6) 

E. I. DuPont de Nemours 8t
Company

Medical Laboratory 
Chambers Works 
Deepwater, New Jersey 08023 
W. E. Neeld, Jr., M.D., Director 
(1,4) 

Eas1man Kodak Company 
Health and Safety Laboratory 
Industrial Hygiene Section 
1669 Lake Avenue 
Rochester, New York 14615 
Franklin A. Miller, Director 
(1.2.3.4.6) 

Employers Insurance of Wausau 
Environmental Health Laboratory 
2000 Westwood Drive 
Wausau, Wisconsin 54401 
William J. Uber, Director 
(7) 

•Environmental Health Laboratory
P. 0. Bo>< 6195
Macon, Georgia 31208
Alice C. Farrar, Director
(7) 

•Environmental Health
Laboratories. Inc.

32740 Northwestern Highway 
Farmington, Michigan 48024 
Ralph G. Smith, Ph.D., Director 
(71

•Environmental Science,
Associates. inc. 

Industrial Hygiene Analytical
Laboratory

45 Wiggins Avenue
Bedford, Massachusetts 01730
Reginald M. Griffin, Ph.D., 

Director 
(1,2,3)

•Galson Technical Services
Industrial Hygiene Laboratory 
6601 Kirkville Road 
E. Syracuse, New York 13057
Jaswant Singh, Ph.D., Director
(1,2.3.5,6) 

eGannett-McCreath Laboratories 
Environmental Analytical 

Laboratory 
P. 0. Box 1963
Harrisburg. Pennsylvania 17105
H. Bruce Gerber, Director
(1.2,3,6)

General Electric Company 
Environmental Health Support 

Laboratory 
1285 Boston Avenue 
Bridgeport, Connecticut 06602 
Dale A. Culp, Director 
(1,2,3.4,6) 

General Electric Company 
Industrial Hygiene Laboratory 
1 River Road 
Schenectady, New York 12345 
John J. Ferry, Director 
(1.2,4,6) 

General Motors Corporation 
Industrial Hygiene Department 

Laboratory 
G. M. Technical Center
12 Mile & Mound Roads
Warren, Michigan 48090
Gene X. Kortsha, Director
(1,2,3,4,6) 

• A, t epH, sa1nples. for illldlyst�s on o fee basis 
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·•Gollob Analytical Service
Corporntion

47 Industrial Road
Berkeley Heights. New Jersey 

07922 
Fred Gollob, Ph.D., Director 
(6)

Goodyear Tire and Rubber 
Company 

industrial Hygiene Laboratory 
1144 East Market St. 
Akron, Ohio 44316 
Robert W. Modrell, Director 
(1,2,4,6.61 

Gulf Oil Corporation 
Industrial Hygiene Laboratory 
P. 0. Box 3240
Pittsburgh, Pennsylvania 15230 
James 0. Jackson, Ph.D., Director 
(71

eHanford Environmental Health 
Foundation 

Environmental Health Sciences 
Laboratory 

P. 0. Bo>< 100 
Richland, Washington 99352 
Ralph G. Anderson, Director 
(7)

Hartford Insurance Group 
Environmental Sciences Unit 

laboratory 
Hartford Plaza 
Hartford, Connecticut 06115 
William G. Meade. Director 
(7) 

oHoneywell, Inc. 
Materials Engineering Laboratory 
Honeywell Plaza 
Minneapolis, Minnesota 55408 
James R. Luck, Director 
(1,2,3.4,6) 

Industrial Bio-Test 
Laboratories, Inc. 

1810 Frontage Road 
Northbrook, Illinois 60062 
J.C. Calandra, M.D., Ph.D., Director 
(1,2,3,6)
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•Industrial Health Foundation, Inc. 
Analytical Laboratory 
Carnegie-Mellon Institute of 

Research 
Box 33 
Pittsburgh, Pennsylvania 1 62 1 3  
Daniel C .  Braun, M.D., Director 
(7) 

elnterlake, Inc. 
I nterlake Technical Center 
Environmental Control Laboratory 
1 50 West 1 37th St. 
R iverdale, I l l inois 60627 
Fred G. Krikau, Director 
( 1 ,2,3,4,6) 

Johns-Manville Corporation 
Denver Rocky Mountain Laboratory 
P. O. Box 5 1 08 
Denver, Colorado 802 1 7  
George L .  Swallow, D irector 
(4,6 )  

•Kaiser Aluminum and  Chemical 
Corporation 

Center for Technology 
6 1 77 Sunol Blvd. 
Pleasanton, California 94556 
H. J .  Seim, Ph.D.,  Director 
( 1 ,2,3,6,6) 

Lawrence Livermore Laboratory 
Hazards Control Analytical 

Laboratory 
P .  0. Box 808 
Livermore, California 94550 
Wade Patterson, Director 
( 1 ,2,3,6) 

eLFE Corporation 
Environmental Analysis 

Laboratory Division 
2030 Wright Avenue 
R ichmond, California 94804 
Marcel Nathans, Ph.D., Director 
(7) 

Liberty M utual Insurance 
Company 

71  Frankland Road 
Hopkinton, Massachusetts 01 748 
Russell W. VanHouten, Director 
(7) 

Maryland State Dept, of Health 
& Mental Hygiene 

Occupational Health & Air 
Quality Laboratory 

201 W. Preston St. 
Baltimore, Maryland 2 1 202 
Kenneth M. Hal lam, Director 
(7) 

eMassachusetts Institute of 
Technology 

Industrial Hygiene Laboratory 
77 Massachusetts Avenue 
Cambridge, Massachusetts 02139 
Richard I. Chamberlin, D irector 
( 1 ,2,3,4) 

National I nstitute for Occupational 
Safety & Health 

DLCD, Physical & Chemical 
Analysis Branch 

Analytical Services Section 
1 0 1 4  B roadway 
Cincinnati, Ohio 45202 
John V. Crable, D irector 
(1 ,2,3,4,6) 

eNational Loss Control Service 
Corporation 

(Lumbermens Mutual Casualty 
Company) 

Environmental Sciences Laboratory 
Long G rove, I l l inois 60049 
Betty O'Shea, Director 
17) 

Navy Environmental Health Center 
Environmental Health Laboratory 
3333 Vine Street 
Cincinnati, Ohio 45220 
Capt. T. N .  Markham, MC, USN, 

Director 
( 1 ,2,3,4,6) 

eOak Ridge National Laboratory 
Industrial Hygiene Laboratory 
P. 0. Box X-Bldg. 3550 
Oak R idge, Tennessee 37830 
N ewell E .  Bolton, Director 
( 1 ,2,3,4,6) 

Ohio State Division of Public 
Health Laboratories 

Industrial Chemistry Section 
1 5  71 Perry St. 
Columbus, OH 43201 
C. C. Croft, Sc.D., Director 
17) 

• Accepts samples tor analvses on a fee basis. 
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Olin Corporation 
Environmental Hygiene Laboratory 
275 Winchester Avenue 
New Haven, Connecticut 06504 
Leonard A. Krause, Sc.0., Director 
(7) 

•Pedco Environmental Specialists 
Suite 1 3  Atkinson Square 
Cincinnati, Ohio 45238 
Lawrence A. Elfers, Director 
( 1 ,2,3,4,6) 

Pennsylvania Department of 
Environmental Resources 

Occupational Health Laboratory 
3rd & Reil ly Streets 
Harrisburg, Pennsylvania 1 71 20 
Virginia M. Vought, Director 
17) 

•Poisonlab 
Industrial Hygiene Laboratory 
1 469 S. Holly Street 
Denver, Colorado 80222 
Daniel T. Teitelbaum, M .D.,  Director 
(7) 

ePPG Industries 
Barberton Technical Center 
P. 0. Box 3 1  
Barberton, Ohio 44203 
Bernard DeWitt, D.Sc., D i rector 
17) 

R adiation Detection Company 
1 62 Wolfe Road 
P. 0. Box 1 4 1 4  
Sunnyvale, California 94088 
Joe Lipera, Director 
{ 1 ,2,4) 

St. Louis County Health 
Department 

D ivision of Laboratories 
Air Pollution Industrial Hygiene 

Laboratory 
801 S. B rentwood B lvd. 
Clayton, M issouri 6 3 1 05 
Wayne E .  B lack, Ph.D., D i rector 
(1 ,2,3.4,6) 

•St. Paul Fire & M arine Insurance 
Company 

Environmental Services 
Analytical Laboratory 

494 Metro Square Bui lding 
7th & Roberts Streets 
St. Paul. Minnesota 551 01 
Donald J. Larsen, Director 
17) 
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Sandia Laboratories 
Environmental Health Laboratory 
D ivision 331 1 
Albuquerque, New Mexico 871 1 5  
Lial  W. Brewer, Director 
( 1 ,2,3,6) 

SCM Corporation 
Dwight P. Joyce Research Center 
1 6651  Sprague Road 
Strongsvi l le, Ohio 44 1 36 
Jerome H . Blacker, D irector 
( 1 ,2,3.4,6) 

S outh Caroline Department of 
Health and Environmental 
Control 

D ivision of E nvironmental Health 
Occupational Health Laboratory 
2600 Bul l  Street 
Columbia, South Carolina 29201 
Edward R.  Wil l iams, D.P.H ., 

Director 
(7) 

State of California 
Air and I ndustrial Hygiene 

Laboratory 
2 1 5 1 Berkeley Way 
Berkeley, California 94704 
Jerome J.  Wesolowski, Ph.D., 

Director 
(7) 

State of California 
Southern Cal i fornia Laboratory 
1 449 W. Tempi!) Street 
Los Angeles, California 90026 
Remo Navone, Director 
(7) 

S tate of Hawaii 
Department of Labor a nd Industrial 

Re lations 
Occupational Health Branch 
677 Ala Moana Blvd. Room 9 1 0  
Honol ulu, Hawaii 968 1 3  
M asayoshi Ogata, Director 
( 1 ,2,3,6) 

State of Oregon 
Occupational Health Laboratory 
Accident Prevention Division 
1 400 S.W. 5th Avenue 
Portland, Oregon 97201 
Olav Meri lo, D irector 
(71 

State of Tennessee 
Occupat ional Health laboratory 
Cordel l  Hu l l  B ui ld ing 
N ashvi lle, Tennessee 372 1 9  
Robert Wolle, D irector 
17) 

State of Washington 
Department of Labor & Industr ies 
Industrial Hygiene Laboratory 
P. 0. Box 207 
Olympia, Washington 98504 
Charles E. McJilton, Ph.D.  

D irector 
(7) 

Stauffer Chemical Company 
R ichmond Research Center 
Analytical Section 
1 200 South 47th St. 
Richmond, Cal i fornia 94804 
James E. Barney, Ph.D. ,  D i rector 
( 1 ,2,3,6) 

.suntech, Incorporated 
I ndustrial Hygiene Laboratory 
P .  0.  Box 1 1 35 
Marcus Hook, Pennsylvania 1 906 1 
David M. G. Lawrey, D irector 
( 1 ,2,3.4,6) 

•Travelers I nsurance C ompany 
C hemical a nd Environmental 

laboratory 
l Tower Square 
Hartford, Connecticut 061 1 5  
Harry W. Rapp, Jr., Director 
(7) 

Union Carbide Corporation 
Battery Products Division 
Technology and Analytical Services 
1 280 West 73rd Street 
C leveland, Ohio 441 01 
Paul  W. McDaniel, Director 
( 1 .2,3,6) 

Union Carbide Corporation 
Chemicals and Plastics Res. and 

Dev. Dept. 
P. 0 .  Box 8361 
South Charleston, West Virgin ia 

25303 
N. H. Ketcham, D i rector 
( 1 ,2.4,6) 

• Accepts samples for analyS!lS on a fee basis. 
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U nion C arbide C orporat ion 
Ferroal loys Division Laboratory 
P. 0. Box 299 
Marietta, Ohio 45750 
Paul W. McDaniel, D irector 
( 1 ,2,3) 

Union Carbide Corporation 
Industrial Hygiene Laboratory 
G ull  Coast Area 
P. 0. Box 471 
Texas City, Texas 77590 
Donald E .  Deese, D irector 
(7) 

•Union Carbide Corporation 
Parma Technical Center 
Industrial Hygiene Laboratory 

Facility 
P. 0 .  Box 6 1 1 6  
Cleveland, Ohio 441 01 
George Jackson, D i rector 
( 1 ,2,3,6) 

•University of Cincinnati 
Kettering Laboratory, Analytical 

Section 
3223 Eden Avenue 
Cincinnati, Ohio 45267 
B.  E. Saltzman, Ph.D., Director 
( 1 ,2,3.4,6) 

•University of Iowa 
State Hygienic laboratory 
Medical Laboratories Bldg. 
Iowa City, Iowa 52242 
W. J. Hausler, Jr., Ph.D. 

Director 
(7) 

•University of Missouri 
Environmental Trace Substances 

Research Center 
Columbia, M issouri 65201 
James 0. Pierce, I I ,  Sc.D., D irector 
( 1 ,2,3,5,6) 

University of Washington 
Environmental Health a nd 

Industrial Hygiene 
Seattle, Washington 98 1 95 
G uy J. Goble, Ph.D., Director 
(7) 
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U .  S .  Air Force 
Occupational & Environmental 

Health Laboratory 
Bui ld ing 642 
McClellan AFB, Cal iforni a  95652 
Lt. Col. Robert V. Coyne, Director 
(1 ,2,3,6) 

U. S .  Army Environmental 
Hygiene Agency 

Laboratory Services Directorate 
Aberdeen Proving G round, 

M aryland 2 1 0 1 0  
Brendan E .  Joyce, Ph.D., Director 
(71 

Utah Biological Test 1-aboratory 
390 Wakara Way 
Salt Lake C ity, Utah 841 08 
James H .  Nelson, Ph.D., Director 

( 71 

West Allis Memorial Hospital 
Industrial Toxicology Laboratory 
8901 West Lincoln Avenue 
West Al l is, Wisconsin 53227 
Harold J. Conlon, M .O., Director 
( 1 ,2,3) 

• Accepts samples for analyses on a fee basis. 
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•Wost Coast Technical S ervice, Inc. 
1 7605 Fabrica Way-Suite D 
Cerritos, Cal ifornia 90701 
H.  Dwight F isher, Ph.D., Director 
( 1 ,2,3,6) 

Wyoming Department of  
Agriculture 

D ivision of Laboratories 
P. 0. Box 3228 
University Stat ion 
Laramie, Wyoming 82071 
M ichael Purko, Director 
( 1 ,2 ,3 ,4,6) 



PARTIAL LIST OF OTIIER LABORATORIES 
(Not Yet Accredited) 

. Hen.Ith Evaluation Programs , Inc . 
808  13usse Highway 
Park Ridge , Illinois  G00G8 
Luv Malter , Vice Pre sident 
(312)  696-1824 

Mountaineer , Inc . 
Route 1 ,  Box 2G4D 
Mt. Hope , West Virginia · 25880 
(304)  877-55Gl 

Newport News Industrial Corp. 
Subsidiary of Newport News Shipbuilding 
A Tennaco Company 
12388 Warwick Blvd. 
Ne\\1)ort News , Virginia 23606 
David Holzman, Director of Teclmical Services 
(804) 247-7668 

Northwest Health Services 
Box 100 
805 Goethals 
Richland , W ashingto'n -99352 
Frank E .  Adley 

Pollution Control Science , b1c .  
6 0 15  Mruming Rd. 
Miamisburg ,  Ohio 45342 
Phill ip L. Hayden, Ph . D. , President 
(513) SGG-5908 

Rychman , Edgerley , Tomlinson , 
nnd A ssociate s ,  Inc . 

12161  Lackland Road 
St . Loui s , Missouri 63141 
Jolm A. Jurgiel ,  Director Industrial Hygiene Engineering 
(314) 434-6960 

Triangle Research Corporation 
Route 460 
P. O .  Box 886 
Grundy , Virginia 24G14 
W.  P. Corbe ll ,  President 

· .  (703) 530-5500 

West 'Coast: Tcclmjcal Service , Inc .  
Suite D 
17605 Fabrica Way 
Cerritos , California 9070 1  
(213) 921-9831 
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i ndustr ia l ·  hyg iene consu ltants . . .  

Th<! fol lowing consul tants, a l l  of whom are members of the Amer ican Indust r ia l  Hygiene 
Assoc1at 1on,  are avai lable for consu lt ing services i n  industr ia l  hygiene.  The spec1l 1c 
spec1a l t 1e s  of each are ident i f ied by the code numbers following the l is t ing .  

Code Code 
Number Specialty N umber S pecialty 

I Air Po/lu110n 8 Occupational Medicine 
2 Audiometry 9 Product Safety-Labellng 
3 Biological Monitoring 1 0  Radiological Control 
4 Ergonomics I I  Safety Specialisl 

5 Industrial Hygiene-Comprehensive 1 2  Toxicology 
1 3  Training Instruction 

Plant Studies and/or analyses 1 4  Ventilation 
Meteorology 1 5  Waste Disposal 
Noise Conlrol 1 6  Water Pollution 

Aelna Technical Services. Inc Bolduc, Jacques, M.P.H. Cameron, David B. 
(One of the Aetna L ile a11u Envirobec, Inc. Occusafe, Inc 
Casually Companies) C .  P. 7548 3201 Old Glenview Rd. 
1 5 1  Farmington Avenue Quebec 7, Canada Wifmet l lc ,  I L  60091 
Hartford. CT 061 15 (418) 628-2579 (312) 256-5900 
(203) 273-3298 I. 5 I .  3. 4. 5. 7. l l .  1 2. 1 3. 1 4  
I .  4. 5. 7 .  8. 9, 1 0. I I . 1 3, 
1 4. 1 5. 1 6  Boston. Le.star E. 

LFE Corporation Caplan. Knowlton J. 
2030 Wright Ave. Indust rial Health Alexander. Rex Richmond. CA 94804 Engineering Assoc. Four Sherwood Drive (4 1 5) 235-2633 7340 Washington Ave., S. Nashua. NH 03060 I, 3, 4. 5. 9, 1 0, 1 3, 1 4, 1 5, 1 6  Hopkins, MN 55343 

(617) 725-6355 (612) 94 1-84 10  
I .  4. 5 ,  7, 1 4  Bolslord, James W. I , 5. 1 4  

Howa1 d Engineering Co. 
Allan. Ralph E. P.O. Box 3 164 

Bethlehem, PA 18107 Department ol Community & (2 1 5) 694-0939 Carlllz. Irwin It Environmental Medicine 
College of Med1c1ne 5. 7 6529 N. Thir teenth St . 

Philadelphia. PA 19 126 Univers i ty of California Boylen, George W .. Jr. (215) 924· 1 144 Irvine, CA 92664 Mass. lns l .  of Technology I . 4. 5. 7. 9. t i . 1 2. 1 4  5 Room. 208-245 
Cambridge, MA 02139 

Anderson, Ralph G. (617) 253-2596 Carpenter, Charles P. 
Hanford Environmental Health I. 3. 4. 5 Mellon I nstitute 
foundation Bradley. WIi i iam R. 4400 F i ft h  Avenue 
805 Goethals Pi t lsburgh, PA 1 52 13  
Richland, WA 99352 William R. Bradley & Assoc. (4 12) 327- 1020 
(509) 942-7037 87 Homestead Rd. 1 2  Tenafly, NJ 07670 I. 2. 4. 5, 1 4. 1 6  (20 1 )  567-7929 

I. 3, 4. 5, 7. 10, 1 2. 1 4, 1 6  Carter, Edmund P. 
Bales. Ronald E .. P.E. Burum, WIiiiam A. 347 W. B�rry St 
9722 Fernwood Road 38 Fox Hill SI . Fort Wayne. IN 46802 
Bethesda. MD 20034 Westwood, MA 02090 (219) 743-8217 
(30 1 )  365-8351 (6171 326-08 14 2, 7. 1 3  
I .  4. 5 .  1 0. 1 3, 1 4  I .  4 ,  5 .  7 .  1 4  

B erry, Clyde M.  8unon. ifavld J. Chamberlin. Richard l .  
Clyde M .  Berry and Assoc. D . B. Assoc .• Inc Mass. lnsitute of Technology 
906 S. L ucas St .  1 864 So. Sta le # 1 90 Room 20B-245 
low a City . IA 52240 Salt lake City, UT 84 1 15 Cambridge, MA 02139 

(61 7) 253- 174 1 (319) 337:9224 (80 1 )  487-8664 
I. 3. 4, 5. 13. 1 4  5, I I  5, 7, 1 1 . 1 3. 1 4  

Blum. Dwain E . .  Ph.D. 
Byan. Dohrman H. 
School ol. Public Heallh Clausen. J. H., Ph.D. 

1 1  Senior Avenue University of Michigan Two Old Colony Lane 
Be1 keley, CA 94708 Ann Ar llor. Ml 48104 Arlington. MA 02174 
i� \S) 5�8-6516 (3 131 764-2594 (61 7) 464·0n6 
5, 1 1 . 1 3. 14. 1 5  5 5. 9. 16 (spcc,ally chemical hazards) 
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Clayton Environmental 
Consultants. Inc. 
257 1 1  Southfield Road 
Southfield. Ml 48075 
(3 13) 424-8860 
I .  3. 4. 5. 7. 9. 1 0. I I. 
1 3. 1 4, 1 5. 1 6  
Cohen, Jerry J. 
Health & Safely Technology, 
Inc. 
P.O. Box 861 
Livermore. CA 94550 
(4 1 5) 443-9234 
1 ,  3. 4. 5. 7. 1 0. 1 1 . 1 3. 
1 4, 1 5. 1 6  

covert Roy J. 
Covert and Aeby 
1 14 Trail East  
Hendersonville, TN 37075 
(615) 824-2543 
5, I I . 1 3  

Dauch, Jack E . - see page B-26 

Deichmann. WIiiiam B .. Ph.D., 
M.O. (Honorary) 
Res . & Teaching Center of 
Toxicology 
University o f  Miami 
P 0. Box 82 16  
Coral Gables, FL 331 24 
(305) 233-551 1  
I .  1 2, 1 6  

Doyle, Henry E .  
5303 Augusta SI. 
Washington, D.C. 20016 
(30 I )  229- 1 277 
5, 1 3  

Elnert. Chrlallne, M.D. 
629 Euclid Ave. 
Berkeley. CA 94708 
(415) 524-5495 
8 

Falcon Customer Servlcec. Inc. 
Environmental Laboratory 
3333 California St. (Annex) 
San Francisco, CA 941 1 9  
(4 15) 929-2706 
1. 4, 5. 7. 1 1 . 1 3. 1 4  

Feiner. Benjamin 
130 Gale Place 
Bronx, NY 1 0463 
(21 2) 546-3646 
I. 5, 1 4  

FIich, John J .  
100 John St. 
Washington. IN  47501 
2. 3, 5. 9. 1 0. 1 1 . 1 2. 1 3, 1 4  

Gabrlel, Karl L., Ph. D. 
Bioresearch. Inc 
P.O. Box 8598 
Philadelphia. PA 1 9101 
(215) 848-4499 
4. 5. 1 2  

Gallaghar, Robert G. 
Applied Health Physics. Inc. 
2986 lnduslrial Blvd . .  
Bethel Park. PA 15 tOi 
( 4 1 2) 563-2242 
3. 5. 7. I D. 1 3. 1 5  

Gleason, Robert P .. P.E. 
95 Middle Street 
Hadley, MA 0 1035 
5. I I  

Goodfriend Lewi, S .. P.E. 
Lewis S .  Goodfriend & 
Associates 
7 Saddle Road 
Cedar Knolls, NJ 07927 
(201 )  540-881 1  
7 

Greenberg. Leo. Ph.D.,P.E. 
9 E .  47111 St. 
New Yor k, NY 1 00 1 7  
(21 2) 759-6630 . 
4. 5, 9, 1 1. 1 3. 1 4  

Griffin, Reginald, Ph. D. 
ESA. Inc 
175 Bedford 
Burlington. MA 0 1803 
(617) 272- 1 200 
I. 3, 5. 1 6  

Grillo, Gene P .. Ph.D. 
10 Cumberland Avenue 
Bradford. MA 0 1830 
(6 17) 372-7 1 1 1  ext 3536 
4. 5, 7, I I. 1 3  

Hager, Robert H .. Jr  . .  Ph.D. 
Hager Laboratories, Inc. 
12000 E .  47th Avenue 
Denver, CO 80239 
(303) 37 1 - 1 44 1  
I .  3. 5 .  1 1 . 1 2. 1 3. 1 4  

Hall , Stephen K . .  P h .  0. 
School ol Science and Technology 
Southern Illinois University 
Edwardsville. IL 62026 
(618) 692-3634 
I. 5. 7. 1 2. 1 3, 1 4, 1 6  

Hazard. W. G. 
3609 Maplcway Drive 
lo ledo, Ohio 4361 4  
(4 19) 382-7348 
2, 3. 4. 5. 6, 7, 1 2, 1 3, 1 4  

Hecker. Lawrence H .. Ph.D. 
School o l  Public Health 
University o f  Michigan 
Ann Arbor, Michigan 48104 
(3 13) 763-4523 
I. 3. 5, 1 3  

Hemeon: W.C.L. 
6025 Broad Street Mal l 
Pittsburgh, PA 15206 
I. 5. 1 4  

Hendrickson. E .  R . .  Ph.D .. P.E. 
Environmental Science & Engineering, 
Inc. 
P.O. Box 1 3454 
Gainsville, FL 32604 
(904) 372-331 8  
I ,  3 .  5 .  7 .  1 0, 1 4. 1 5. 1 6  

Hermann. Edward R . ,  Ph.D. 
1 1 7  Church Road 
Winnetka. IL 60093 
(3 12) 492-3 176 
2, 5. 7, 1 2. 1 5  
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Hertlein Ill. fred. f AIC. PC-A. CIH. CSP 
Fred Hertlein and Associates-• 
Environmental Consultanls 
1 493 Kaweloka St 
Pearl City. HI 96782 
(808) 456-2404 
I. 2. 3, 4. 5. 6. 7, 8. 9, 1 0. 
1 1. 1 2. 1 3. 1 4. 1 5. 1 6  

Hm.  Gerald 
5648 S. Main Street 
Akron, OH 4431 9  
(2 16) 882-5693 
I. 5. 7. 1 3. 1 4  

HIii. Vaughn H .  
E . I .  DuPont de Nemours & 
Company ,  Inc. . 
Fabrics and Finishes Department 
Applied Technology Division 
1264 Brandywine Bldg. 
Wilmington, DE 19898 
(302) 774-5068 
1 

Holaday, Duncan A. 
P.O. uox 352 
Patterson. NY 12563 
(914) 878-6084 
5 

Holland. Waller n. 
LFE Environmental Analysis Laboratory 
2030 Wright Ave. 
Richmond. CA 94804 
(4 15) 253-2633 
I. 3. 4, 5, 9. I D. 1 3. 1 4. 
1 5. 1 6  

Hyatt Edwin C. 
535 Rover Blvd. 
Los Alamos. NM 87544 
(505) 672-9800 
5. I D. 1 4  

Jacobs. W .  Joseph 
Gannett Fleming Corddry and. 
Carpenter . Inc 
P.0 Box 1 963 
Harrisburg, PA 1 7 1 05 
(7 17) 238-0451 
I. 5. 6. 7. 1 1 . 1 4. 1 5. 1 6  

Joselow, Morris M . .  Ph.D. 
Dept. of Preventive Medicine 
New Jersey College ol  Medicine 
100 Bergen Road 
Newark. NJ 07103 
3. 4. 5 

Jurglel. John A .  
Ryckman. Edgerley, Tomilson & 
Assoc., Inc. 
1 2 16 1  Lackland Rd. 
S t  Louis, MO 631 4 1  
1 ,  5 .  7 .  1 4  

Jurlnskl, Nell B . .  Ph.D. 
301 t Rolling Green Drive 
Chw clivi l le . MO 2 1 028 
(30 1) 734- 7360 
5. 1 3  



Kamon. E liezer. Ph.D. 
Noll L11Jo ra to Iy for Human 
Per lormance Hesearch 
1 19 Noll Labor alory 
Univur , Ity Park ,  PA 16802 
(8 14) BG3-0045 
4 

Kampermann. George W .. P.E. 
Kampcrmann Assoc . Inc. 
1 11 0  Hickory Tr ai l 
Downers Grove. IL 6051 5  
(3121 852-8 18 1  
7 

Kane. John M. 
3503 Kirby L ane 
Jetfer sontown. KY 40299 
(502) 49 1- 1 809 
I . 5. 1 4  

Kennedy. WI i i iam R . •  Jr. 
48 Manhat tan Loop 
Los Alamos. NM 87544 
(505) 662-4828 
I . 5. 1 0. 1 5. 1 6  

K eplinger. M .  l.. Ph.D. 
Industr ial Bio-Test Lab., Inc. 
1 8 1 0  Frontage Rd. 
Nor lhbrook. IL 60062 
(312 1 272-3030 
1. 3. 4. 5. 7. 9. I 1. 1 2. 
1 5, 1 6  

K i rschner. Leon 
7650 Lavergne Ave. 
Skokie. IL 60076 
(3 12) 675-3057 
I . 4. 5. 7 

Kralel Rudi E . 
64 CH de St .  Maurice 
CH· 1 222 Geneve:vesenaz, Switzerland  
1 .  3 .  5 .  1 .  a. 1 2. 1 4. 1 5. 1 6  

lamb. Harry, M.O. 
Occupat ional Medical Services 
201 B roadus St 
Sturgis .  Ml 49091 
1 6 1 6! 651 -85 1 1 
5. 8 

Landry. Edward B .. C.S.P .. P.E. 
12 Kentbury Way, Bethesda 
Washington. 0 C .  200 1 4  
(301 )  654-4422 
9. 1 0. 1 3  

Larsen. Donald J. 
Environmental Services 
Analytical L aboratory 
(Div. o f  S t .  Paul Fire & Marine 
I nsur ance Company) 
494 Metro Square Building 
7th and Rober t  Sl l  eels 
SI . Paul, Minn. 551 0 1  
(6 12 1  221 -7043 
I .  5. 7. 9. 1 1 . 1 3. 1 4. 1 6  

Levinson. Seymour 
100 Marcy SI 
Nor fol k. VA 23505 
I. 5. 7. 1 1 . 1 5. 1 6  

Unch, Adrian L. 
203-A Pl,111k Rd . ,  R (l 2 
Everet! . PA 15537 
{814) 652·5848 
3, 4. 5 

Maccloll. John 
139 W Gilpin Ave. 
llor lotk. VA 23503 
(804) 587-5628 
5. 8. 9. I l. 1 2  

MacDonald, Wllllam E . ,  Jr  . .  Ph.D. 
rracor Jitco. Inc. 
1776 E .  Jefferson S t .  
Rockville. MO 20852 
(30 tJ 881·2305 
I . 1 2. 1 6  

Maler. A .  A. 
P O Box 1 56 
Marl ton. NJ 08053 
(609) 983-2646 
5. 7. 1 0, 1 1  

Mcfee. Donald R .. Sc.D. 
Occusafe. Inc. 
3201 Old Glenview Rd. 
Wilmelte. I L  60091 
(31 2) 256-5900 
I. 4, 5. 7. 9. I D, l l .  1 3. 1 4  

M Iiier. Robert W 
MDA Scienific. Inc . 
808 Busse Highway 
Park Ridge, I L  60069 
l , 2. 3. 5. 8. 1 1 . 1 3  

Molsan. Raymond, M.P.K. 
Envirobec, Inc. 
c. P 7548 
Quebec 7, Canada 
( 4 1 8) 628-2579 
I. 5 

Nallonal Loss Control Service Corp, 
(A subsidiary of  Lumbermans Mu tual 
Casualty Company) 
Long Grove. IL  60049 
(312) 540-2400 
I. 3. 4, 5, 7. 9. 1 1. 1 3, 1 4. 1 5, 1 6  

flellson. Arthur 
Neilson, Associates 
719 Peasant Run 
West Chester. PA 1 9380 
I. 2. 3. 4. 5. 7. 9. l 0. 
1 1 . 1 2. 1 3. 1 6  

Oberg. M aurice 
l FE Car porat ion 
2030 Wright Ave. 
Richmond, Ca  94805 
( 4 1 5) 235-2633 
l. 3, 4, 5, 9. 1 0. 1 3. 1 4. 1 5. 1 6  

Oglesby, Frank L. 
Oglesby Associates 
3053 Clif lside Road 
Kingsport . TN 37664 
(6 15) 245-5447 
I. 5. 7. 9. 1 0, 1 1 . 1 3  
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Ostergaard. Pau l  B .  
Osl! · 1 y.1,1 1 t l  ,\ssoc1atcs 
1 13 Bloomftcfd Ave 
Catelw el l .  NJ 07006 
(20 1 )  228-0523 
7 

Owens. Roher! J. 
Cc1 tih1,1I f.nv Health & Sale ly 
Con,11lla11ts. Inc 
P O  Uo, 20 1 
M 1 lltJr ac. CA 94030 
( 4 1 5) 697-0 14-t 
l. 2, 7, 1 0. 1 1. 1 2  

Paoden. David A. 
Fal,one Medical & Occupalional 
Health la1JoI atory 
3535 fort St . 
L incoln Par k ,  Ml 48146 
13 13) 386-3342 
5 

Peterson. Jack E. . Ph.D .. P.E. 
660 Forest Grove Circle 
Brookheld. WI 53005 
( 4 1 4) 782 8 142 
l . 5 .  1 3, 1 4  

Phllllps, R .  David, c.t.H .. C.S.P. 
440 Diplomat Or . ,  Su1 le 1 0  
Cocoa Beach. FL  32931 
(3051 784-0373 or (305) 783-561 0  
5, 7. 1 1 , 1 3. 1 4  

Piccolo. Stephen K .  
Stephen K Piccolo and Assoc. 
Room 208-245 
Mass. Ins t .  of Technology 
77 Massachusetts Ave. 
Cambridge. MA 02139 
(6 t 71 253-2597 
l. 3. 4, 5. 1 1 . 1 4  

Plunkett. E . A . .  M.D. 
Stanford Resea1ch Inst i tute 
333 Ravenswood Ave. 
Menlo Park, CA 94025 
( 4 1 51 326-6200 
8. 1 2  

Port. E l l  A. 
Packard Instrument Co . .  Inc. 
827 Simpson SI. 
Evanston. IL 60201 
5, 1 0. 1 3  

Radclllle. J.C. 
tS.14 S E Sunshine Ave. 
Por I SI. Lucic. FL 33452 
(305) 334-2680 
5 

Rappaport. Stephen M .. Ph.D. 
School of Public Health 
205 Eail Warren Hall 
University o f  Cal i fornia 
Berkeley, CA 9-1720 
(4 1 5) 642-7916 
5 

Rodgers. Jack C .. P.E. 
5306 Lindley Ave. 
Encmo CA 9 13 16  
(2 1 3) 987 - 1405 
5, 7, 9. 1 0, 1 1 . 1 3. 1 4. 1 5, 1 6  



Roull. Guido J. Smith. Ralph G. Tlchauer, Erwin R., Sc.O .. P.E. 
3248 Tice Creek Dr., H4 University of Michigan Kipps Bay Plaza 
Walnu� Creek, CA 94595 School of Public Health 330 E. 33rd St, 12J 
( 415) 93!">-6068 Ann Arbor, Ml 48109 New York, NY 10016 
!i (313) 764-2594 4. 8, 13 

I. 3. 5. 12 
Rou. John E. Todd, Alan S. 
Teledyne Occupational Health Sobol. Oscar J. Stewart-Todd Associates 
3708 Columbus Ave. 985 High Street No 10 Valley Forge Executive 
Sandusky, OH 44870 Alameda, CA 94501 Mall 
(419) 62s-7853 (415) 522-1203 Wayne, PA 19087 
I. 5, 7. 10, 14 5, 7, II I. 3, 4, 5, 7, 8, 9, 10. 12. 13, 14 

Trommarshausen, A. J. Roumas. James C. Spielman, Howard B. . 1921 Sandc1eek Way 
J.C. Aoumas & Assoc. Health Science Associates Alameda. CA 94501 
895 Linden Ave. 10941 Bloomfield St., Suite B (415) 521-0641 
Ridgefield, NJ 07657 Los Alamitos, CA 90720 5, It 
(201) 94!">-7970 (213) 430-1031 
2, 5. 7. II. 12. 13 I. 2. 4. 5, 7, 10. 11, 13, 14. 15 Vandervor1, Robert 

0.8. Associates, Inc. 
Rudmose, Wayne Stanton, George B .. Jr .• P.E.. 1864 So. State H 190 
Tracor Sciences & Systems C.S.P .• C.1.H., F.R.S.H. Salt Lake City, UT 84115. 
Group Industrial Hygienics, Inc. (801) 487-8864 
6500 Tracor Lane 25 Fellswood Orive 5, 7, 11. 13, 14 
Austin, TX 78721 Essex Fells, NJ 07021 
(512) 926-2800 (201) 226-7271 or (516) 586-0655 Wallach, Abraham 
I, 2, 7, 16 5. 9, II. 13, 14 Industrial Technical Assoc. 

P.O. Box 332 
Salmr, Alfredo West Orange, NJ 07052 

Palo Alto Medical Clinic Slavens, Charles H .• P.E. (201) 674-2625 

300 Homer Ave. Spotts, Stevens & McCoy, Inc. I. 4, 5. 9, 11. 14, 16 
Palo Alto, CA 94301 345 N. Wyomissing Blvd. 

Wanla. Raymond C. (415) 321-4121 Wyomissing, PA 19610 
1. 5, 7, ID, 14 (215) 376-6581 .P.O. Box 98 

I. 5. 7, 14, 15, 16 Bedlord, MA 01730 
(617) 275-9477 

Schaffer, A. W. Stoddard. David L. 6 
Dow Chemical, USA 
1803 Bldg. 195 California Ave. WIison. George L. Oak Ridge, TN 37830 Midland, Ml 48640 I. 2. 5. 7. 10, 11. 13, 14 731 Highland Park Or. 
(517) 636-4050 16 Akron, OH 44319 
I. 2, 3, 4. 5. 7, 11, 12 (216) 882-3054 
13, 14. 15, 16 

Swann, Henry E .. Jr .. Ph.D. 

Schall. E. Lynn 10224 La Reina Avenue Wrenn, McDonald E.. Ph.D. 
510 Edgewood Drive Downey, CA 90241 New York University 
Collingswood, NJ 08108 I. 3. 9. 12 Institute of Environmental 
(609) 858-0003 Medicine 
5, 7. 14 Swanaon, Jon A .. Ph.D. 550 First Avenue 

Swanson Environmental, Inc. New York. NY 10016 
24680 Swanson Ad. (212) 679-3200 

Seifert Harry E .. P.E, Southfield, Ml 48034 I', 5'. 11 
2817 Bellview Rd. '313) 352-0960 '(Beryllium. specrlrcallyl 
Anderson, SC 29621 I. 4, 5. 16 
(803) 224-3315 Zavon. Mllchell R., M.D. 
I. 5, 7. 11, 13. 14 Tabmhaw, Irving R., M.D. Hooker Chemicals & Plastic Co1p 

Consultants in Occupational Medicine PO Box 728 
Sldlow, Anthony J. 10215 Fernwood Ad., Suite 302 Niagara Falls, NY 14302 
115 Sharon Court Bethesda, MO 20034 (716) 278-7409 
Los Gatos, CA 95030 (301) 530-6992 I. 4. 5. 8. 12, 16 
(408) 356-3515 8 
5, II. 15 

Taylor, Henry 
Sidor, Reinhard, Sc.O. A.E.C., P.A., Inc 
Siar Route 5901 Tompkins Or. 
Alton, NH 03809 San Jose, CA 95129 
(603) 873-0561 (408) 25!">-5257 
I, 5, 11. 12. 13, 14 2, 3. 5, 7. II. 13, 14 

Oauch, Jack E. 
Singh, Jaswanl Ph.D. Thompson, Robert N .. Ph.D. Occuµalional Health Services Galson Technical Services, Inc. Occupational Heallh Assoc. 3708 Columbus Ave. 6601 Kirkville Road 1827 Rolling Hills 
East Syracuse, NY 13057 Norman, OK 73069 Sandusky, Ohio 44870 
(315) 437-7181 (405) 329-8892 1419) 627-1976 
I. 3, 5. 6. 7. 13. 14. 15. 16 5, 7 I. 5. 7. 10, 13, 14, 16 
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industrial  hygiene consultants by fJeographic location . . .  

Callfornla 
Allan, Ralph E. 
!llum, Dwain E. 
Boston, Lester E. 
Cohen. Jerry J. 
E inert, Christ ine, M.D. 
Falcon Customer Services 
Hol land, Walter 0. 
Oberg, Maurice 
Owens. Robert J. 
PlunkeU, E .  A., M .D. 
Rappaport, Stephen M., Ph.O. 
Flodgers, Jack C. , P.E. 
Rosati , Guido J. 
Salazar, A lfredo 
Sidlow, Anthony J. 
Sobol. Oscar J. 
Spie lman, Howard 8. 
Swann, Henry E. 
Taylor, Henry 
Trommershausen, A. J. 

Colon do 
Hager, Robert N. , Jr., Ph.D. 

Connecticut 
Aetna Technical Services, Inc. 

Delaware 
Hil l , Vaughn H. 

District of Cofumbla 
Doyle, Henry N. 
Landry, Edwin B. 

Florlda 
Deichmann, Wi l l iam B. 
Hendrickson, E. R., Ph.D., P.E. 
Phil l ips, R. David ,  C.I .H., C.S.P. 
Radcliffe, J. C. 

H awaii 
Hert lein, Fred, I l l  

l l l lnol1 
Cameron, David 8. 
Hal l , Stephen K . . Ph.D. 
Hermann. Edward A. 
Kamperman. George W. 
Keplinger, M. L. 
Kirschner. Leon 
McFee, Donald R. 
Mi l ler, Robert W. 
National Loss Control Service Corp. 
Port, E l i  A. 

lndlana 
Carter, Edmund P. 
Fitch. John J. 

Iowa 
Berry, Clyde M. 

Kentucky 
Kane, John M. 

Maryland 
Bales. Ronald E., P.E. 
Jurinski , Neil B. 
MacDonald, Wi l l iam E., Jr., Ph.D. 
Tabershaw, Irving R., M.O. 

MmachU18HI 
Boylen, George W. 
Burgess, Wil l iam A. 
Chamberlin, Richard I. 
Clausen, J. H., Ph.D. 
Gleason, Robert P. 
Gri f f in , Reginald 
Gr i l lo, Gene P. 
Piccolo, Slephen K. 
Wanta, Raymond C. 

Michigan 
Byers, Dohrman H. 
C layton Environmental Consultants, Inc. 
Hecker. Lawrence H., Ph.D. 
Lamb, Harry, M.D. 
Padden, David A. 
Schaller. A. W. 
Smith, Ralph G . . Ph.D. 
Swanson, Jon A., Ph.D. 

M innesota 
Caplan, Knowlton J. 
Larsen, Donald J. 

M luourl 
Jurgiel, John A. 

New Hampshire 
Alexander, Rex 
Sidor, Reinhard 

New Jersey. 
Bradley, Wil l iam R .  
Goodfriend, Lewis S .  
Joselow. Morr is  B. , Ph.D. 
Maier, A. A. 
Ostergaard, Paul 8. 
Roumas, James C. 
Schal l ,  E. Lynn 
Stanton, George 8., Jr. 
Wallach, Abraham 

New Mexico 
Hyatt, Edwin C. 
Kennedy, Wil l iam R., Jr. 

New York 
Feiner, Benjamin 
Greenberg. Leo, Ph.D 
Holaday, Duncan A. 
Smgh, Jaswant, Ph.D. 
Tichauer, Erwin R. , Sc.D. 
Wrenn. McDonald E.. Ph.D. 
Zavon, M itchell R. ,  M.D. 
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Ohio 
Dauch, Jack E. 
Hazard, W. G. 
Hess, Gerald 
Ross. John E .  
Wilson. George L. 

Oklahoma 
Thompson, Robert N., Ph.D. 

Pennsylvania 
Botsford, James H. 
Smhlz , Irwin H. 
Carpenle1 . Charles P., Ph.D. 
Gabriel, Karl L. 
Gallaghar, Rober! G. 
Hemeon, Wesley C. 
Jacobs, W. Joseph 
Kamon. Eliezer, Ph.D. 
L inch, Adrian L. 
Nei lson, Arthur 
Stevens, Charles H .  
Todd, Alan S .  

Soulh Carolina 
Seifert, Harry E. 

Tenneuee 
Covert. Roy J. 
Oglesby, Frank L. 
Stoddard, David L. 

Texas 
Audmose, Wayne 

Utah 
Bur ton, David L. 
Vandervort, Robert 

Virginia 
Levinson, Seymour 
Maccioli, John 

Washington 
Anderson, Ralph E. 

Wisconsin 
Peterson, Jack E., Ph.D., P.E. 

Foreign 

Canada 
Bolduc, Jacques, 
Moisan . Raymond, 

Swltzerland 
Kratel, Audi E. 



each metal and nonmetal mine operator provide control measures immediately 
to reduce airborne contaminant concentrations below their standards after 
monitoring results indicate that the standards are exceeded. In order to select 
proper control measures, it is necessary that safety officers have a basic know­
ledge of control methodology so that they can recognize if current or planned 
control devices or practices are appropriate. In addition , they should be able to 
recommend and evaluate control methodology. Often they will also need to de­
sign and test control devices. In many cases the safety officers may be able to 
utilize industrial hygienist or ventilation engineer consultants for these services. 
Should the safety officer desire information about the design and testing of ven­
tilation systems, he should utilize some of the references listed in Handout 6, 
Control methods are divided into 3 types of devices. These are engineering 
controls, work practices, and personal protective equipment. 

Ventilation - Ventilation may be either natural or mechanical. Na­
tural 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 become less noticeable with the increasing air 
temperatures and winds vary in velocity and direction. other factors which 
are important in specifying the requirements of mechanical ventilation are the 
rate of generation of the contaminant , the· volume of the building, the effective­
ness 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 directed 
at the sources of the contaminants to reduce their concentrations in the breathing 
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-
1ions of welding fumes for welders working on large or complex vehicles. 
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HANDOUT 6 

LIST 01" VENTILJ\ ' l 'JON REFEH.ENCES 

1 1The Industr ial Environment - Its Evaluation and Control ,  1 1  U. s .  Department of Health 
Education , and Welfare , Public Health Service , National Institute for Occupational Safety 
and Health , U. S .  Government Printing Office , 1973 

"Industrial Ventilation - A Manual of Recommended Practice , 1 1  Americ,m Confct•ence 
of  Governmental Industrial Hygienists , Committee on Industrial Ventilation , Lansing , 
Michigan , Fourteenth Edition , 1 97 6  ·, 

"American National Standard Fundamentals Governing the Design and Operation of 
Local Exhaust Systems , , , American National Standards fastitute , New York, NY , 
ANSI Z 9 .  2- 1971 

Batwin , V. V. , "Fundamentals of Industrial Ventilation , 1 1 Pergamon Press , New York , 1 972 

1 1Hanclbook of Air Conditioning , Heating and Ventilation , 1 1  Second Edition , Industri al 
Press , 1 965  

Astleford , W. , "Engineering Control of Welding Fumes , 1 1  NIOSH Research Report , 
Contract No.  HSivI 98-72-7G , U.  S .  Department of Health , Education , and Welfare , 
Public Health Service ,  N n.tional Insti tute for Occupational Safety and Health , Office 
of Technical Publications , Post Office Building, Cincinnati , Ol1i o ,  1 974 

Bstress , E .  K. , et al , 1 1Ventilation Requirements for Grind,ing ,· Buffing ,  and Polishing 
Operations , 11 NIOSH Rese-arch Report ,  Contract No.  HSM 9 9-72-12 6 ,  U. S. Department 
of Health , Education , rind Welfare , Public Health Service ,  National Institute for 
Occupational Safety and Health ,Office of Technical Publications , Post Office Building , 
Cincinnati , Ohio , 1 974 

Flanigru1 , L. J. , et al , 1 1Development of Design Criteria for Exhaust Systems for Open 
Surface Tanks , 1 1  NIOSH Research Report , Contract No . RSM 0 9 9-71- 6 1 , U. S .  
Department of  Health ,  Education ,  and Welfare , Public Health Service , N ational 
Institute for Occupational Sn.fety and Health , Office of Teclmical Publications , IJost 
Office Building, Cincinnati , Ohio , 1 974 · 

McDermott , H • .  J . , 1 1Handbook of Ventilation for Contaminant Control1 ' ,  Ann Arbor 
Science Publishers , Inc. , Ann Arbor , Michigan , .,1,976 
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EXAMPLE OF GOOD D ILUTION VENTILATION 
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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 
outside atmosphere. The local system (Slide No. 14) usually operates on the 
principle 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 volume of air. Local exhaust systems 
are excellent where fixed operations such as bench welding are performed. Sol­
vent 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 26. 

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 men­
tioned work practices are essentially common sense which one should use to re­
duce 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 con­
trolling exposure 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 

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 , 
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ADJUSTABLE PICK UP USED IN BENCH WELDING 
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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 re­
placed. 

Air Purifying Respirators - Air purifying respirators (Slide 15) 
contain filters or chemical cartridges and may or may not be reusable. 
They remove contaminants from the air being breathed. The contaminants 
for which they were suitable are listed on canisters or the mask itself. The 
approval list described above also indicates the contaminants for which each 
mask may be used. 

Even though excessive concentrations of airborne asbestos dust 
and paint fumes were not found in the initial study of inhalation contaminants 
in above ground metal and nonmetal 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 
braldng cable drums on large shovels and drag lines. Also employees engag­
ed in paint spraying should wear proper air purifying respirators for protec­
tion from paint fumes and mists. 

Supplied-Air Respirators - Supplied-air respirators (Slide No. 16) 
are two types : continuous flow and pressure demand. Each respirator supplies 
the worker with an atmosphere which is independent of the ambient air. The 
continuous flow device supplies the wearer with a select amount of air fed con­
tinuously to it. The demand type has a regulator at the lower end of the breath­
ing tube and a diaphram-actuated valve that opens upon inhalation and closes 
upon exhalation. In both cases, it is required that the compressed air supply 
for the respirators not contain harmful amounts of carbon monoxide, oil mists 
or other contaminants. 

Protective Clothing - Protective clothing consists of aprons, gloves, 
special clothing, creams, face shields and safety glasses. These are usually 
used to prevent sldn absorption or skin irritation from the contaminants. Equip­
ment must have MSHA and NIOSH approval. 
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Rotation of Personnel 
As  an alternative to the other co�trol measures , the rotation of 

personnel may be used to reduce exposures to below the standards. When 

employee exposures during specific work operations exceed a contaminant ' s  
8-hour standard, the jobs can be rotated among several employees so that 

none receive excessive exposures, 

PROCEDURE FOR HEALTH SURVEY INSPECTIONS · 

This procedure is described on page 30 of the handbook. The 

instructor should cover this procedure in detail for the students particularly 
emphasizing the intended purpose of the condensed handbook. Usually the 

handbook should be carried with the safety officer 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 impor­

tant 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 physio­

logical symptoms and effects of the various contaminants considered in the 

handbook. The physical form is important for the safety officer to know in 

order to recognize the possibility of specific contaminants being hazards in 

various work instances .  For instance it would be proper to know that xylene 

was a volatile liquid,not a gas or solid when he would be sampling for it. He 

should also know that ozone is a gas. Noting the physiological symptoms of 

candidate contaminants for a particular work area will help the safety officers 

recognize the one or ones which are producing observable effects in the work­

ers. 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, 

REVIEW AND SUMMARY 

Ask the students for any questions. Perhaps they would like to dis­

cuss certain topics previously covered. Ask if they have any questions concern­

ing the Procedure for Health Survey Inspections because this section contains 
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the heart of the course. Be sure to allow at least one hour for review and dis­

cussion at this time. 
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EXPEIUMENT lA 

INSTHUC 'J'IONS F OR USif\'G  'I I IE  MSJ\ DETEC TOR TUBE 
SYSTE M F OR SAMPLING CARBON MON OXIDE 

EQUIPl'vlliN T  AN D 1\-1.ATERIALS REQUIRED 

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

2 .  One set of Instructions·· for Operating and Maintaining the 
MSA U niversal Sampling Pump 

3. One box of Pl'ISJ\ detector tubes for ca1·bon 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 
emis.sions located outside the room. 

2 .  . Follow the instruction sheets for the MSA uni versal sampler and 
the carbon monoxide detector tubes to set up this system for 
san1.pling· background carbon monoxide. 

3 .  Ask 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 of 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 concentrntion. Generally the background concentration 
of ca rhoti monoxide in a classroom will vary from 1- 15 ppm. 
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EXPERIMENT lB 

INSTRUCTIONS FOR USING THE MSA DETECTOR TUBE 
SYSTE M  FOR SAMPLI NG FREON 

EQUIPMENT AND MATERIAL 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 instruction sheets for the universal sampler , the pyrolyzer 

and the chlorinated hydrocarbon detector tubes. See attached 

sketch. A sk the instructor to check the system before proceed­
ing with the test. 

a. Position the sampling tube of the pyrolyzer with masking 

tape about 3" 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 

"operate". Do not turn up the voltage control switch (red 

knob) to 3. 25 volts until immediately before the test is made. 
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SKETCH OF SYSTEM USED FOR EXPERIMENT 1 8  
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NOTE 

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

minimum 30 seconds) for the pump to fill. 
f. Determine the length of the blue stain which develops 

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

instruction 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 concentration in this test 

will generally be about 500 ppm. 

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

ends of the detector tubes. 
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EXPElU I\ IEN T  2A 

1NSTl tUCTIONfi FOlt  USJNG TII E DRAGER D E T E C TOil TUBE 
SYSTEM FOil SAM PLIN G  TO LUE N E  

EqUIPME N T  AND MATERIALS REQ UIB.ED 

1 .  One Drager hand pump , Model No, 31 

2 .  One box of Drager detector tubes (5/a) Catalogue No.  CH23001  
for toluene 

3 .  One bottle wilh 1 0  ml  o f  toluene 

4 . One pipetle with rubber bulb 

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

PROCEDUR E  

N OTES 

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 i s  

heavier than air and will  tend to remain i n  the beaker.  

2 .  Fol low the instruction sheet for the Drager detector tube for 
toluene to set up the sampling system. See attached sketch .  Ask 

the instructor to check the system before proceeding with the te st. 

n.  l l ave the inlet to the detector tube about 3" from the bottom 
of the beaker when the test is made.  

b ,  Dreak off the t ips of t�1e detector tube us ing the hole in a key. 

c .  When the te st is  made , \vait for the bellows to fill  after each 
stroke, 

· · 

3 ,  A fte r the test i s  completed,  compare the length of the brown stain 

to the scale s on the side of the tube to determine the concentration 

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

l\1ESA s tandard for toluene is 100 ppm for an 8 hour shift. See the 

note s l i s led  below. 

1 .  Be sure l o  rc:i.d lhe scal e on the lube which corre sponds to the 
number  of strokes which are taken. 

2 .  Do not permit the students to be injured by the j agged glas s t ips 
on the ends of the detector tubes ,  
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EXPEHJ MENT 213 

lNSTltlJCTJONS FOil US ING T I IE  DRA GE!l  DETECTOfl TUBE 
SYSTE M FO ll SA MPLIN G CARDON MONOX I DE 

EQUIPME NT A N D  MATEHIA LS REQUIRED 

1 .  One Drage r hand pum p ,  Model No.  3 1  

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

3 .  One box o f  Drager detector tube s (5/c ) C atalogue N o .  C H  20601  
for carbon monoxide 

4, One 4" piece o f  1/4 "  ID rubber hose 

PROCEDURE 

1 .  A sk one o f  the students who i s  smoking to exhale one breath of 

c igarette smoke into a 3 liter plastic bag half filled wi th air.  

2. Knead the bag to mix its contents. 

3 , Follow the instruction sheet for the Drage r detector tube for 

ca1:bon monoxide to set up the sampling bag. See attached sketch . 

Exhaust a few milliliters  of air from the bag before the detector 

tube i s  attached to remove the hig•h concentration of smoke which i s  

trapped in, the hose .  A s k  the instructor t o  check the system 

before proceeding with the test. 

a .  B reak off the tips o f  the detector tube us ing the 
hole in a key. 

b .  When the test i s  made , wa i t  for  the bellows of  the 
pump to fill after each stroke , 

4 .  A fter the test  i s  completed , compare the length o f  the brownish 

gTeen  sta i n  t o  the scales on the sicles  of  the tube to determine 

the conccn tra t.i on of  c:wbon monoxide. Gcncnt l ly  t he concen­

t ra tion for th i s test will  be about 200 ppm . The l\ IESA standard 

fo l' c: 1 1.· l io n  monoxide i s  GO  ppm fot• an 8 hou r sh i l' l , Sec  the 

no tes l i sted be low, 
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1 1 1 ,<i l r 1 1e l i o 1 1 �  l' < ; r  l l :, i n g  ! l \ ( 1  Dragr..i r Delccl() r  Tube 
Syslem fo r Sampl ing  C n rbon l\fonoxide (conlinucd ) 

NOTES 

1 .  B e  sure l o  read Lhe scale o n  lhe tube which corresponds to the 
number of s trokes which are taken, 

2 .  Do not pe rmit  lhc students to be injured by the j agge d  glas s . 
tips on  the ends of the detector tube , 

3 ,  Afte r a ncgal ivc resul t , this tube can b e  used up to 1 0  times 
on the same day, 
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I•;XPEH. l  I\! ENT :3A 

I NSTIUJ C TH JNS FOll S ETTIN G  U P  A SA MP LIN G  S Y  STE l\1 FOH 
W E LDIN G  F U M ES CONTAINING CA Dl\UUM ,  LEA D OR SILVER 

EQUlPl\IENT A N D  i\1ATERlA LS REQUIRED 

1 .  I\1SA personal sampling pump ,  Type G 

2 .  One 3 '  piece of sampling hose , Bendix Catalogue No.  3 900-90 8  

3 ,  One MSA cassette Part No. 457193  with 0 .  5 µrn membrane filter 

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

5 ,  O n e  f low mclcr  such a s  the Matheson G03 with the 
cal ibralion curve 

PROCEDUR E  

NOTE 

1 .  Set up  the sampling sy stem for weld ing fumes  cont,.in ing 

cadmium , lead or s ilver by arranging the above items in 

the order p1;e sented. See attached sl<etch. 

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

the test. 

3 ,  U se lhe cal ibr ation curve t o  indicate the proper sett ing for the . 

flow mele r  to obtain the desired  flow rate of 2 .  0 1pm. It ha s 

been found Lhat thi s  flow meter in the "upstream " measures 

the f low rate accurately as verified by a wet Le st me te r  or 

bubble meter. 

A tlnch t he flow me ter  lo the cassette only during the period that  
. . fl o w  ra lc read i ngB arc  desired.  
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