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INTRODUCTION 

Safety in the School Science Laboratory is a suggested In-Service 

Training Program, cooperatively developed by representatives from the Council 

of State Science Supervisors (CS3) and the National Institute for 

Occupational Safety and Health (NIOSH). 

The complete training program includes the following elements: 

Conference of State Science Supervisors 

State Plans for Safety Training 

Training Course for Teachers 

This manual is the working paper. Part I contains administrative 

guidelines. Part II consists of lesson plans for lectures in the training 

course for teachers. Part III has workshop lesson plans for the course. 

Appendices provide supplemental course material. 

How to Use This Manual 

Part I (Administrative Guidelines) 

The primary audience is the State Science Supervisor. Secondary 

audiences include instructors, resource people, and other training personnel 

involved in the program. All audiences should read this material carefully, 

taking special note of the information that is directly applicable to their 

own roles. 

Part II (Lecture Lessons) 

Primary audiences are instructors and resource people. However, all 

training personnel should thoroughly examine the contents. 
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Part III (Workshop Lessons) 

The primary audience is the teacher trainee. All training personnel 

should study the material and at least mentally complete the exercises and 

worksheets. Copies should be made for trainees. 

Appendices 

Appendix A (Audio-Visuals) is for planning on the part of State Science 

Supervisors, instructors, and other training personnel. Included are audio-

visual critiques (Worksheet A-I and A-2) to be reproduced and used for film 

showings and other AV sessions. 

Appendix B (Library Resources) is for all program participants. This 

should be reproduced and distributed to teacher trainees as a reference for 

at least the lesson on Safety Program Planning (Workshop W-I). 

Appendix C -(Directory of Resources) is also for all participants in the 

training program. It should be made available to teachers with Appendix B. 

Appendix D (Program Evaluation) is intended primarily for State Science 

Supervisors, but all training personnel should be concerned with evaluation 

topics and procedures. The sample training certificate (Exhibit D-l) may also 

interest teacher trainees. 

3 Appendix E (Trainee Evaluation) is reserved for supplements by CS , 

NIOSH, and others in the form of possible instruments, test items, and the 

like. 

As experience accumulates with the training program, additional course 

material may also be added. 
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TRAINING PROGRAM ELEMENTS 

This section of the administrative guidelines provides some details about 

the major elements of the CS3 - NIOSH In-Service Training Program on Safety in 

the School Science Laboratory. 

Conference of State Science Supervisors 

Combination training and review sessions were held on July 19-21, 1977, 

in g~eater Cincinnati, Ohio, to go over the program presented in this manual 

and consider suggestions for improvements. 

3 The sessions were coordinated by the Executive Secretary of CS amd the 

NIOSH Project Coordinator in the Division of Training and Manpower 

Development. Participants included other NIOSH training personnel and 

consultants. 

This manual was updated after the conference, but time did not permit the 

inclusion of all desired changes. Planning for additional course material is 

already underway. 

State Plans for Safety Training 

Each State Science Supervisor may wish to design a detailed program to 

manage and implement safety training for his or her high school teachers. 

The state plan should probably include objectives for training every high 

school science teacher by the schedule shown in Exhibit 1. 

Each plan should be geared to the needs and requirements of the 

particular state, considering not only educational aspects but also 

pertinent safety and health rules and regulations. 

Reference documents include the Federal Occupational Safety and Health 

Act of 1970 and corresponding regulations, state laws and regulations of this 

type (if approved and available), and other similar or related standards. 
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Each State Science Supervisor should have desk copies of all applicable safety 

and health requirements. 

The essential items to cover in the state plans are briefly outlined in 

Exhibit 2. 

Training Course for Teachers 

The rest of this manual is devoted to a core course in safety in the 

laboratory for secondary school science teachers. The course is designed to 

be presented in many ways, according to the training circumstances that are 

most convenient for state and local supervisors. 

Lessons and other learning experiences may be tackled separately or in 

batches, preferably with groups of teachers meeting together at regular 

intervals. If necessary, teachers who are unable to attend all of the 

meetings could be given copies of the instructional material for self-study, 

but this is not generally recommended for obvious reasons. 

Lecture Lessons (Part II) 

Each of the 14 lesson plans for lectures consists of an overview, table 

of contents, and text in a script format. Most of these also have reference 

citations and a slide script. Open d,iscussion is strongly encouraged. 

Each lecture lesson plan is complete and independent of the others to 

facilitate changes in the desired sequence. 

Workshop Lessons (Part III) 

Each of the 4 workshops consists of a lesson plan with overview, listing 

of contents, text in script format, exhibits for background or reference, and 

worksheets for exercises. Directions are also provided. 

Each workshop is tied to a lecture lesson, as indicated by the label. 

Workshop W-l should follow Lesson 1, Workshop W-5 should follow Lesson 5, etc. 

Preferably, there should be at least one day between lectures and related 
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workshops to allow trainees to complete the exercises in their own work areas 

and discuss the results with other colleagues before reviewing them in group 

sessions. 

Worksheets may be mailed to training supervisors or instructors, but this 

is not encouraged. In any case, at some point in the training course, group 

discussion of the results is necessary. The value of the exercises is in 

doing them and getting feedback and new ideas. They should not be graded or 

criticized negatively. 

Appendices 

Appendices A through D are "stand-alone" sections with brief explanatory 

text and other information. 

Appendix A includes a critique form to be completed by all trainees for 

each audio-visual training aid reviewed (except for lecture slides). 

Appendices Band C are supplements to Workshop W-I. 

Appendix D includes a sample training certificate. 

Appendix E includes a Walk-Thru Safety Survey for the School Science 
Laboratory. 

Appendix F is reserved for trainee evaluation. 

Summary 

Summary information about the training course for teachers is presented 

in the form of exhibits. Exhibit 3 is a Training Course Description. 

Exhibit 4 deals with the details of Training Course Materials. Exhibit 5 

outlines suggestions for Training Course Delivery. 
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EXHIBIT 1. SCIENCE SAFETY TRAINING GOALS 

Year Secondary School Teachers 
Trained (Percentage) 

1977 1 

1978 5 

1979 25 

1980 75 

1981 90 

1982 100 
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EXHIBIT 2. STATE TRAINING PLANS 

Item Recommendations 

Approval 

Arrangements 

Certificates 

Evaluation 
Plan 

Materials 

References 

Resources 
(optional 
choices) 

Training 
Personnel 
Criteria 

Training 
Sessions 

Chief State School Officer 

Local administrative approval for teacher attendance 
Records of attendance and certificate awards 3 
Quarterly and annual reports to the Council (CS ) 

Provided by CS3 - NIOSH upon receipt of reports 

Performance of unit objectives by trainees to the 
satisfaction of any instructor 

CS3 - NIOSH training package 

CS3 - NIOSH training manual 
Federal, state, and local regulations 

State and local safety and health agencies 
Teacher training departments in colleges 
Textbook publishers 
Professional organizations 
Journal editors 
Equipment and other suppliers 
Other occupational safety and health professionals 

Completion of CS3 - NIOSH training course 
Knowledgeable in high school laboratory safety 
Teaching experience in science subject areas 

Conferences, courses (credit or non-credit), lTV, 
meetings, or workshops 

Minimum time indicated in the CS3 - NIOSH course 
Sequence to be determined by training per~onnel 
Introduction by awareness techniques 
Opportunities for trainee questions and answers 
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EXHIBIT 3. TRAINING COURSE DESCRIPTION 

Item Suggestions 

Purpose 

Objectives 

Length 

Instructors 
and Resource 
People 

Credit 
and 
Sponsors 

Prepare school science teachers to understand and 
apply basic principles of laboratory safety. 

1) Prevent injury-producing accidents in school 
science activities. 

2) Conduct a safety investigation of the science 
laboratory and preparation room, using a 
checklist to detect unsafe conditions. Report 
results to appropriate school authorities. 

3) Demonstrate knowledge and proper techniques of 
using 10 pieces of common safety equipment. 

4) Show an awareness of science laboratory safety 
in planning, conducting, and evaluating student 
coursework and related activities. 

5) Promote teacher and student involvement in 
science safety. 

16 Instructor-Trainee Contact Hours 

14 Lecture Lessons 
4 Workshop Lessons 
3 Audio-Visual Sessions 

(about 8 hours) 
(about 5 hours) 
(about 3 hours) 

Laboratory and workshop lessons may require 
additional practice and preparation time. 

State and Local Science Education Supervisors 
Occupational Safety and Health Professionals 
College Teaching Faculty in Related Disciplines 

A certificate and 1.6 Continuing Education Units 
(CEUs) will be awarded to each trainee who completes 
the course satisfactorily. 

The sponsors ar~ the Council of State Science 
Supervisors (CS ) and the National Institute 
for Occupational Safety and Health (NIOSH). 
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EXHIBIT 4. TRAINING COURSE MATERIALS 

Item Description 

* Manual 

Audio-Visual 
Aids 

* Supplemental 
Packet 

Equipment 
and Related 
Supplies 

Handouts 

Administrative guidelines, including suggestions 
for course delivery. 

Lesson plans for lectures and workshops, includ~rg 

overviews, outlines, text, references, and 
practical exercises with worksheets and exhibits. 

Appendices for audio-visual aids, library I;'esources, 
directory of resources, and program evaluation. 

* Set of 35nnn slides 

Slide script included in related lesson plans. 

See also Appendix A in the training.manual. 

NIOSH publications, including 

Fact Sheets 

Training Literature 

u.S. Occupational Safety and Health Act of 1970 
Various Publications Lists and References 

State and local training supervisors will insure 
that trainees have access to the 10 pieces of 
safety equipment they must be able to use. 

See Workshop W-13 in the training manual. 

Any part of the NIOSH material may be reproduced 
for distribution in any quantity. See Acknowledg­
ments for restrictions about copyrighted mater.ial. 
See Workshop Lesson Plans and Appendices A - E for 
materials needed by trainees. 

., l' 

* NIOSH will furnish each State Science Supervisor with 1 copy. 
An unbound "master" of the training manual will also be provided 
for use in further reproduction. 
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EXHIBIT 5. TRAINING COURSE DELIVERY 

Item Suggestions 

Work Plan 

Agenda 

Training 
Personnel 

Materials 

Equipment 
and Supplies 

Facilities 

Notices 

Prepare detailed task/time schedule well in advance. 

Review training manual for requirements. 

Prepare tentative agenda for training sessions. 

Schedule related lecture and workshop lessons 
at least 1 day apart. 

See Appendix A for audio-visual sessions. 

See Appendix D for program evaluation. 

Line up instructors and resource people. 

Prepare and distribute written statements of 
responsibilities and expectations. 

Reproduce, assemble, and distribute copies needed. 

Training Manual (to training personnel) 

Workshop Lessons (by set or by lesson) 

Slides (by complete set or by lesson) 

Other AV Aids and Critiques (see Appendix A) 

Program Critiques (see Appendix D) 

Obtain and allocate (or confirm local availability 
of) safety equipment described in Workshop·W-13. 

Line up suitable facilities for training. 

Request and confirm AV equipment and operators. 

Prepare and distribute program announcements. 

10 
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METHODS 

PURPOSE 

OBJECTIVES 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

SCOPE OF THE PROBLEM NO. 1 

Lecture LENGTH 30 Minutes 

To provide an assessment of school science laboratory 
safety and health needs 

Enable the teacher to --

1) Assess the magnitude of the health and safety 
problem 

2) Identify the nature of the hazards found in 
school science laboratories 

3) Engender a positive attitude concerning safety 

Biological hazard 
Chemical hazard 
Ionizing radiation 
Non-ionizing radiation 
Physical hazard 
Pneumonitis 

Lesson plan 

Note-taking 

1-1 

Safety investigation 
Systemic poisons 
Toxicology 
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LESSON SCOPE OF THE PROBLEM NO.1 

NOTES 

"Stop, Safety First in 
Science Teaching" 
North Carolina Department 
of Public Instruction 

INSTRUCTION 

INTRODUCTION 

Any modern science program has a 

responsibility for teaching students about the 

nature of the scientiffc enterprise. Students 

have a right to learn how to think scientifi-

cally and solve problems through the active use 

of science processes. Students should have ample 

opportunities to engage in scientific work 

through laboratory or other "hands-on" activities. 

These concrete experiences are necessary for 

prime results at the elementary and advanced 

levels of science learning. With the trend of 

science education toward more activity-oriented 

work and more involvement of students in the 

processes of science, it is essential all involved 

in the science instruction program develop a posi-

tive approach to a safe and healthful environment 

in the laboratory. Safety and health shou]d be 

an integral part of the planning, preparation, 

and implementation of any science program. 

An experimental science program possesses 

certain potential dangers. Yet, with carefui 
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planning, most potential dangers can be coped with 

safely in an activity-oriented science program. 

The responsibility for safety and the enforcement 

of safety regulations and laws in the science 

classroom and laborator¥ is tha~ of the principal, 

teacher, and student--each assuming his/her share. 

Carelessness and a negative or apathetic attitude 

toward safety are the major causes of accidents. 

Recognition of health and safety problems has 

crystallized since the passage of the Occupational 

Safety and Health Act of 1970. This act requires 

that certain precautions be observed to protect 

the health and safety of employees on the job. 

The employee designation includes all teachers 

employed by private schools and all teachers em­

ployed by public school systems in states that 

have state occupational safety and health plans 

accepted by the Occupational Safety and Health 

Administration (OSHA) of the U.S. Department of 

Lab·or. 

Even if certain ~afety and health precautions 

were not mandated by law, there are moral, ethica~ 

social, and legal reasons for demanding that high 
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school science laboratories be made as safe as 

possible for instructors and students alike. 

Legally, school districts can be held 

liable for injuries suffered by a student in 

a high school laboratory. It is also deemed 

by society to be morally, ethically, and 

socially unacceptable to take unnecessary 

chances with the lives of young people. 

The school must provide an educational 

experience. Unnecessary and undeserved 

injuries should not be a part of that 

education. 

UNDERSTANDING THE IMPORTANCE 
OF SAFETY 

Safety and health training in the high 

schools and universities has been a neglected 

area. Safety and health studies are often con-

sidered to be ancillary areas of study not di-

rectly concerned with the subject at hand. They 
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should not be ancillary areas. Safety and health 

considerations should be as important as any 

other material taught in high school science 

laboratories. 

Teacher's Viewpoint 

Teachers have an obligation to instruct 

their students in the basic safety practices re­

quired in science laboratories. They also have 

an obligation to instruct them in the basic prin-

cip1es of health hazards that are found in most 

high school science laboratories. As existing 

knowledge of the effects of common chemical com­

pounds and physical manifestations have on the 

human organism grows, this knowledge must be con­

veyed to the individuals exposed to them. It 

does not matter if the exposed individuals are 

students. What better time is there to impress 

upon minds the need for caution and preparation 

when working in science laboratories? 

Instructors must accept safety and health 

study areas as being as much a part of the sci­

ence curriculum as the fact that hydrogen and 
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oxygen, when combined in certain proportions, 

will form water. 

Student's Viewpoint 

Getting students to appreciate the need for 

studying laboratory safety and health material 

should not be overly difficult. Personal danger 

is something to which they can relate. Gener­

ally individuals will tend to ignore personal 

danger from situations or things over which they 

exercise control. Students must be taught that 

knowledge and preparation are the keys to con­

trolling science laboratory hazards. Knowledge 

is a fluid commodity in this area. What may be 

known about a chemical compound today may not be 

valid tomorrow because the compound may have 

undergone some physical or chemical change in the 

interim or our knowledge and understanding of its 

behavior may have increased. 

Learning to prepare properly and research 

properly are skills that carryover into areas 

other than science. 
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Schools' Viewpoint 

School systems must appreciate the need for 

establishing safety and health instruction as a 

fundamental part of a science curriculum. The 

large number of lawsuits instigated over injuries 

to students in school science laboratories em­

phasizes the need for requiring safe practices 

from both students and teachers. 

At the same time, however, it should be 

realized that not all accidents and personal 

injuries occur as a result of unsafe practices. 

There is presently no federal law requiring 

safety and health programs for the protection of 

the students in schools. The Occupational Safety 

and Health Act of 1970 requires employers to 

provide safety and health protection for teachers 

and other school system employees. Some states 

(Wisconsin, for example) require school systems 

to provide specific protection for students in 

certain areas, i.e., eye protection for students 

working in laboratories or vocational education 

shops. 
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SAFETY AND HEALTH HAZARDS 

Safety problems have been recognized and 

understood for many years. In the science 

laboratory, most of the safety problems are 

known and can be guarded against. That does not 

mean that proper precautions are always observed, 

however. Occasionally new safety hazards appear 

in science laboratories because of the nearly 

infinite variety of operations that can be con­

ducted. New chemical combinations can result in 

fire or explosion or a toxic product. Known 

chemical combinations carried out under abnormal 

conditions of temperature or pressure can also 

have unexpected results. 

On the other hand, health hazards in school 

science laboratories or any science laboratories 

have not, for the most part, received the atten­

tion they have deserved until recently. The 

health effects of exposure to the chemical, physi 

cal and biological hazards of science laborator­

ies have not been appreciated because their 

effects are often difficult to measure and may 
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not appear until years after the exposure. 

Now that the effects of exposure to these 

hazards are known, there could be very little 

justification for not including instruction on 

such hazards in the school science curriculum. 

Chemical Hazards 

Many chemical reagents found in the high 

school chemistry laboratory can be chemical 

hazards in some fashion or other. Acids and 

caustic materials are corrosive to the skin and 

mucous membranes. Exposure to organic solvents 

can result in any number of harmful effects. 

Chemical pneumonitis, liver damage, and kidney 

damage have all been reputed as resulting from 

exposure to various organic solvents. 

Many common chemical reagents are potent 

systemic poisons. Arsenic, potassium and sodium 

cyanide, and sodium fluoride are just a few ex­

amples of powerful systemic poisons that are com­

monly found in science laboratories. 

Many of the metals used in science labora­

tories are hazardous to exposed personnel. Some 
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of the metallic elements are considered to be 

carcinogens. Chromium, nickel, and arsenic fall 

in this group. 

Many of the metals affect the central 

nervous system. Mercury, lead, cadmium, and 

cobalt are members of this group. Other target 

areas of the body affected by metals include the 

respiratory system, the gastrointestinal tract, 

the cardiovascular system, the liver, and the 

kidneys. 

The study of chemical toxicology is a com­

plex but rewarding subject. Every school science 

laboratory course should have some basic instruc­

tion in the fundamentals of chemical toxicology. 

Biological Hazards 

Experimental work that involves animals and 

microorganisms presents the possible hazard of 

infection to the individuals performing the work. 

Accidental infection by a pathogenic micro­

organism is a very real hazard in science labora­

tories. The scientific literature contains a 
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number of reports of laboratory acquired in­

fections and deaths resulting from them. 

The need for instruction on the safety pre­

cautions that must be observed when working 

with biological materials is of great importance 

Frequently these types of projects are under­

taken by students as individual research pro­

jects. They, too, must be made aware of safety 

and health instruction and of its importance in 

science. 

Physical Hazards 

Physical hazards in science laboratories 

are generally confined to radiation in its 

various forms. Ultraviolet light, a type of non­

ionizing radiation can be a definite hazard in 

school science laboratories. Since it affects 

the eye, overexposure to ionizing radiation, 

such as alpha, beta, gamma land x-ray, can also 

be a very real hazard if used improperly. 

Ionizing radiation can be hazardous 

to many different organs of the body. If 
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ionizing radiation is used in a school 

science laboratory, a specific safety program 

must be established. State and federal licensing 

regulations require that all users of radioactive 

materials establish adequate safety programs 

covering the acquisition, storage, use, and dis­

posal of radioactive materials. 

Lasers are coming into more frequent use 

in school science programs. Because of the 

coherent nature of the laser beam, exposure to 

one can result in physical damage to the body. 

The eye is the organ most sensitive to the laser 

beam. The most likely type of eye damage is 

thermal damage to the retina. Skin damage may 

also result from laser beam exposure. The laser 

beam produces skin lesions which resemble thermal 

burns. 

Microwave radiation is another type of non­

ionizing radiation that can present hazards to 

personnel. Exposure to microwave radiation can 

result in both eye and skin damage. 
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SAFETY MOTIVATION 

School System Administration 

School administrators should operate their 

schools in as safe a manner as possible. In­

jured students and damaged buildings do little 

to increase public confidence in the particular 

school system involved. For private schools in­

surance costs may become prohibitive if the 

school becomes a recognized source of insurance 

claims. 

It is becoming more prevalent for school 

systems to be held legally liable in student in­

jury cases. 

Instructors 

Teachers play the most important role in 

insuring a safe and healthful learning environ­

ment for the students. They must be trained in 

the philosophy of safety and health programs as 

well as the technical content of such programs. 

They need to be taught and encouraged to 
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understand that safety and health training are 

important areas of the science curriculum and 

useful in other aspects of life. 

A source of motivation for the teacher is 

Instructor legal liability their potential legal liability for injuries 

suffered by students under their care. Teachers 

have two primary duties - the duty of instruction 

and the duty of supervision. Courts have held 

that if a teacher fails to carry out either of 

these duties he or she may be legally liable for 

any injuries that result. Failure to provide 

adequate safety and health instruction or provide 

adequate laboratory supervision are failures to 

adequately perform the primary duties of an 

instructor. 

Student motivation 

Students 

Student motivation in any area of education 

is a critical factor in the learning process. 

Emphasizing the importance of safety and health 

considerations by devoting substantial class time 

to these areas should help. The current popular 

preoccupation with matters of industrial safety 
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and health may also serve as a motivational 

spur. 

Students perhaps will find a discussion of 

toxicology interesting, informative, and 

beneficial. The possibilities for working this 

material into the science curriculum are in­

numerable and limited only by the imagination 

of the instructor. 

DEVELOPMENT OF A SAFETY PROGRAM 

Voluntary safety programs are often in­

effective. Individuals working in laboratories 

occasionaly take shortcuts, circumvent safety 

rules, and take risks to do their jobs. The 

responsibilities shouldered by school adminis­

trators and school teachers require that any 

school safety program be supported and en­

couraged by the administration. 
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METHODS 

PURPOSE 

OBJECTIVES 

SPECIAL 
TERMS 

SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

NEEDS ASSESSMENT NO. 2 

Lecture and Discussion LENGTH 30 minutes 

Develop understanding and appreciation of the importance 
of preliminary preparation for laboratory work. 

Enable the trainee to •.• 

1) Identify and remedy textbook errors. 

2) Discuss the effect of physical layout 
on experimental procedures. 

3) Plan special instruction and pre-exercise 
demonstrations. 

Carcinogen 
Common sense 
Egress 
Experimental principle 
Health hazard 
Ingress 

Industrial hygiene 
Personal protective equipment 
Safety hazard 
Toxicology 

INSTRUCTOR Lesson Plan 
MATERIALS 

Chalkboard, Chalk, Eraser 

TRAINEE 
MATERIALS 

Note-taking 
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INTRODUCTION 

The importance of laboratory safety has 

been recognized for many years in the world of 

work. However, safety practices and programs 

seem to be the exception rather than the rule 

in educational institutions. Safety in the 

school science laboratory appears to be treated 

informally and briefly, if at all. Few teachers 

have been lauded for devoting class time to formal 

training in the recognition, evaluation, and con­

trol of immediate hazards to life, limb, and 

property in the laboratory setting. 

Pervasive health hazards are neglected even 

more than eminent safety hazards, but this is 

understandable. Health hazards are usually more 

difficult to uncover because the effects may not 

show up for years. Determining that a chemical 

compound is injurious to your health often re­

quires expensive longitudinal studies in epid­

emiology. In some cases, extrapolations to 

humans can be made from toxicological studies 

on laboratory animals. In other cases, extra­

polations can be made from studies of industrial 
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Appendices Band C 

Appendix E contains a 
Walk-Thru Survey which 
also may be used to as­
sess needs. 

exposure. In all cases, the development of 

health hazard data is complex and costly - the 

reason why it may sometimes be sketchy and spec-

ulative. 

Even so, there is a substantial body of 

validated information available on health as well 

as safety in the workplace. Until more research 

is conducted in school settings, results aimed 

at the industrial environment will also provide 

useful guidelines for educational situations. 

All members of the science education commun-

ity have a professional responsibility to keep 

themselves and their work up-to-date in this 

vital area. The remainder of this lesson ad-

dresses some critical needs of textbook authors 

and publishers, as well as science supervisors 

and teachers. Teacher educators will note where 

gaps in their curricula also need to be filled. 

Resources are included in Appendices Band C, to 

be distributed to trainees as part of the work-

shop lessons. 
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EVERYBODY HAS SOME WORK TO DO 

Authors and Publishers 

Impetus for the development and implementa­

tion of effective laboratory safety and health 

programs must come, in part, from authors and 

publishers of science textbooks. 

Information on the type of related material 

now available from this source was obtained by 

examining a selection of 18 high school science 

textbooks. Six of the books were chemistry 

texts, six were biology texts, three were physics 

texts, and three were general science texts. Not 

one of these 18 textbooks contained any informa­

tion about health and safety problems in science 

laboratories. 

Some teacher's editions and all of the lab­

oratory manuals for the textbook did include 

some basic information on laboratory safety. 

However, these presentations usually occupied 

only u~= pcig~ or less. Both teacher's editions 

and laboratory manuals almost entirely neglected 

the area of laboratory health hazards. There 

was almost no information on the toxicity of 
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chemical compounds or the health effects of 

exposure to tlie various forms of radiation. 

Some of the laboratory manuals included 

specific precautions with each experiment. A 

typical example was a caution statement empha­

sizing the flammability of carbon disulfide. 

Specific wardings of this kind are highly desir­

able, but the practice of providing them is ap­

parently limited to a small number of publishers. 

There is a tremendous need for publishers 

to produce textual material on school science 

safety and health. Basic self-protection should 

be learned by students as early as possible for 

use during the rest of their lives. Many prac­

tices for school laboratory safety are applica­

ble in all areas of scientific study and work. 

Learning about experimental principles 

should not be restricted to the study of cause 

and effect in laboratory manipulations. Even 

in so-called "codebook chemistry", hazards pre­

sented by the experiment itself, or by one or 

more of the components of the experiment, should 

be considered in the experimental design. To 
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i~nore this aspect of lab work is to erode the 

purpose of such experience for the science stu-

dent. 

Authors and publishers should recognize 

their duty to provide technically accurate mat-

erial that promotes safety and health. This ob-

ligation is a legal, moral, and social responsi-

bility. If an author or publisher provides 

false or misleading information, or fails to pro-

vide proper precautionary stateroents, each might 

be legally liable for such actions. 

Some authors and publishers appear to have 

good intentions, but lack technical expertise 

about laboratory safety and health problems. One 

of the laboratory manuals examined contained 

three experiments using iodine (I). The fo1-
2 

lowing caution statements appeared in a sequence 

of eight pages. 

Caution No.1: Do not handle 12 with your 

fingers. If any gets on your skin, wash the 

affected area with soap and water. Then report 

to your teacher. 

Caution No.2: Iodine is poisonous. Be 
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very careful not to inhale its vapors. Also, 

avoid any contact of the solid with your skin. 

Caution No.3: Iodine is toxic. Do not 

handle it ",lith ycur fingers. (If you do, it 

will stain your skin.) Do not breathe its va­

ports. 

The manual did not warn that iodine vapor, 

even in low concentrations, is extrenely irrita­

ting to the respiratory tract, eyes, and, to a 

lesser extent, the skin. Exposure to atffiospheric 

concentrations above 0.1 parts per million (ppm) 

causes increasingly severe eye irritation along 

with irritation of the respiratory tract. Iocine 

in the crystalline form or in strong solutions 

is a severe skin irritant. It is not easily 

removed from the skin, and, after contact, tends 

to penetrate and cause continuing injury. rIcers 

may develop from iodine renaining fixed to the 

skin. Iodine burns resemble thermal burns ex­

cept that the burned area is stained brow~. Io­

dine is also a powerful oxidizing agent. An 

explosion is possible if iodine comes in contact 

with materials such as acetylene or acconia. 
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Ingestion of as little as 2 grams of iodine 

can be fatal. Individuals with thyroid disorders 

should not be exposed to iodine in any amount. 

The previous description of the actual ef­

fects of iodine clearly shows that iodine is a 

serious health and safety hazards. Students and 

teachers deserve more warning than the three 

"cautions" provide. 

Caution No.3 is actually dangerous, imply­

ing that the only hazard presented by iodine is 

stained skin. Caution No. I implies that iodine 

is a skin hazard of some type, but does not pro­

vide any information about the mode of action or 

the health effects. Caution No. 2 neglects to 

mention the consequences of inhaling the vapor. 

None of the three caution statements men­

tions the oxidizing properties of iodine which 

may cause an explosion. No emergency treatment 

is given beyond washing the affected skin area. 

All of the potential effects of exposure to 

a hazardous material should be included in a 

warning statement. Following is a caution state­

ment which could be used in all three lessons: 
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Caution: Do not touch solid iodine with 

your bare skin. Do not inhale iodine vapors. 

The solid can cause severe skin burns and con-

tact may result in skin ulcers. The vapor is 

highly irritating to the nose, throat, and 

lungs. Conduct all laboratory operations that 

may result in the generation of iodine vapor in 

the fume hood. Wear gloves and use spatulas or 

tongs when handling the solid. If any iodine 

gets on your skin, wash off immediately with 

large quantities of water, and then inform your ) 

teacher. Iodine is a strong oxidizing agent! 

Do not put the solid in contact with any or-

ganic solid, liquid, gas, or vapor. 

Proper warnings require more effort and 

space, however, they should be included in 

textbooks and manuals to promote safe and health 

fu1 learning conditions in the school science 

laboratory. 

Teachers 

Preparation is an important element of lab 

safety. Teachers should perform and "debug" all 

class experiments in advance. To protect them-
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selves in the process, it is obviously de­

sirable to know as much as possible about po­

tential safety and health hazards before the 

IIhands-on li stage. It might be wise to develop 

standard procedures for preliminary library 

research along these lines. 

The best warning about using only text­

books for guidance may be IIproceed at your own 

riskll. Keep in mind the normal lag between the 

discovery and application of knowledge in any 

field. Then think about the lengthy process 

of planning, developing, and producing instruc­

tional materials. Add to this the time requir­

ed to review, select, and purchase new text­

books for your classes. If you assume a total 

minimum lag of 5 to 10 years, it should be clear 

why textbooks alone are not up-to-date sources 

of information about laboratory hazards. 

Authors and publishers of science text­

books also seem to suffer from the general 

human tendency to continue with traditional 

activities long after the original need has 

expired. Some of the "classic" experiments in 
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school science were developed to demonstrate 

concepts that were not considered to be hazard­

ous at the time. The use of mecury to coat 

coins is an example. Unfortunately, in the 

process of modernizing the package, makers and 

sellers of science texts have not always taken 

a critical look at the safety and health aspects 

of the product. The solution to this problem 

is that old consumer adage "buyer beware". In 

other words, teachers, don't assume that an 

experiment is safe just because it has been 

around since you were in high school. Check it 

out against reliable sources of hazard informa­

tion. 

For some unexplained reason, high school 

chemistry books often include the use of sodium 

and phosphorus in laboratory experiments. A 

manual in current use suggests a teacher demon­

stration involving the dissolution of red and 

white phosphorus in carbon disulfide. The 

text contains warnings about the poisonous na­

ture of white phosphorus and the fact that it 

can cause serious skin burns. However, nothing 
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is said about the danger of mixing either form 

of phosphorus with oxidizing materials or the 

health hazard presented by carbon disulfide. 

There is a warning about the fire hazard of 

carbon disulfide. There seems to be no justi­

fication for such a demonstration by teachers 

or students. Teachers should have access to 

much more information than the text provides to 

insure the safety and health of all concerned. 

Students 

Many problems can arise when students do 

not understand what they are doing. What they 

do not know may affect your life as well as 

theirs. Students must be carefully taught to 

realize the seriousness of safety and health 

hazards that accompany high school science lab­

oratory work. Teacher educators can help here. 

Probably no other thread will tie a stu­

dent's science laboratory work together as well 

as proper instruction in safety and health. 

Knowledge, skills, and attitudes acquired in 

this area will be useful as long as the student 

works in science - from high school and college 

through professional work in biological and 
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and physical science, engineering, medicine, 

nursing, and other applied fields. 

EFFECT OF PHYSICAL LAYOUT ON 
EXPERIMENTAL PROCEDURES 

The resources available in a science 

laboratory should control the type of work 

that is performed. Hazardous materials should 

not be used where facilities and space increase 

rather than decrease the chances of injury and 

illness. 

Ventilation 

Experimental science work may require the 

use of volatile hazardous chemical reagents 

or result in the generation of a toxic or flam-

mabIe gas or vapor. Such laboratory activity 

should be done in a properly ventilated area. 

Fume hoods should be used routinely for chemi-

cal experimentation even if textbooks do not 

stress the importance of proper ventilation. 

For example, one text gives directions on how 

to make chlorine water with chlorine gas. No 

mention is made of the precautions that should 

be taken with respect to adequate ventilation. 
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Chlorine gas is an extremely debilitating 

chemical. It is fast-acting, with long-term, 

harmful health effects on anyone unfortunate 

enough to be exposed to it. 

Proper ventilation should be an integral 

part of every laboratory operation. Ventilation 

requirements for science laboratories are we11-

documented. Details are presented in the les­

son on ventilation. 

Lighting 

Proper lighting is another important part 

of a laboratory safety and health program. In­

adequate lighting can be a direct cause of ac­

cidents. Other problems which may be caused by 

poor lighting include eye discomfort and fat­

igue, headaches, and nausea. It is unlikely 

that lighting in the science lab would be en­

tirely responsible for any of these problems. 

However, poor lighting throughout a school may 

have a debilitating effect on students and 

teachers. Continuous exposure to poor light­

ing may result in laboratory accidents. 

Lighting is discussed further in the les­

son on laboratory hardware. 
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Ingress and Egress 

Every school science laboratory should 

have at least two exits. This requirement is 

included in most building and fire codes. One 

exit should be usable even if the other is 

obstructed or obscured by fire or smoke. Doors 

must not be blocked by desks or laboratory ben­

ches. Flammable material should not be stored 

next to an exit. Work areas should be designed 

so that all students have ready access to an 

exit at all times. 

Laboratory plans now and in the future 

must allow for the needs of handicapped stu­

dents or teachers. Special requirements of 

these people must also be considered in assign­

ing work locations. They should be located as 

close to a usable exit as possible. For exam­

ple, a student in a wheelchair must not be pla­

ced near an exit that requires the use of a fire 

escape. 

Showers and Eyewashes 

Safety showers and eyewash facilities are 

necessary for the safe operation of every 
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science laboratory. No hands-on activity 

should begin until provision has been made for 

rapid access to such equipment. The location 

of these particular safety devices is often 

controlled by the availability of water and 

drain lines. Laboratory work areas must be 

designed accordingly. 

SPECIAL INSTRUCTION AND PRE-EXERCISE 
DEMONSTRATIONS 

Nearly all laboratory manuals for school 

science include classroom demonstrations to be 

conducted by the teacher. Directions and back-

ground information may be sketchy, particularly 

where safety and health considerations are con-

cerned. Supervisors and teachers will probably 

want to work together in determining the educa-

tional value of these demonstrations versus the 

hazards they may present to both teacher and 

student. This is another area for teacher 

educators to tackle. 
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Better Techniques 

Lab manuals may suggest demonstrations that 

are acknowledged or known to be dangerous. These 

demonstrations should be substituted with audio­

visual aids or other teaching /learning methods 

or materials that present little or no hazards. 

A demonstration suggested by one textbook 

is designed to show that two chemical compounds 

may have the same formula but different struc­

tures and physical properties. 

The recommended compounds are ethyl alco­

hol and methyl ether. However, the book also 

suggests that ethyl ether can be substituted for 

methyl ether. 

Ethyl ether is widely recognized as a lab­

oratory safety hazard. It forms explosive mix­

tures with air over a broad range of concentra­

tion (1.9% - 36%). It has low ignition tem­

perature (356°F). Ethyl ether also forms un­

stable peroxides which can explode spontane­

ously or upon heating. These peroxides can 

form if the ether is allowed to stand too long 

before disposal or if is stored in sunlight. 
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Ethyl ether clearly does not belong in a school 

science laboratory! 

The demonstration would be effective if 

two materials like ethyl acetate and butyric 

acid were used. They have the same formula 

- C4HS02 - but vastly different chemical and 

physical properties and neigher approaches the 

safety hazard of ethyl ether! 

New Hazards 

Hazards become known from the use of new 

materials or from new information about com­

monly used materials. The development of new 

information about hazards is proceeding at a 

rapid pace. Extensive research is being done 

in air pollution, industrial hygiene, medicine 

and related fields such as toxicology. 

An example of new information about a 

widely used material is the discovery of the 

cardinogenic nature of vinly chloride. Another 

well-known material which has recently been 

indicated as a carcinogen is benzene, an organ­

ic solvent found in most school science labor­

atories. The use of these substances may be 
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regulated in some schools by Federal or State 

OSHA regulations. Supervisors should brief 

teachers on regulations that are applicable. 

However, teachers are directly responsible for 

either removing these materials or controlling 

their use in the science classroom and labora-

tory. 

Personal Protective Devices 

The proper use of personal protective de­

vices is essential in all safety and health 

programs. Teacher usage is crucial to the 

development of proper usage by students. If a 

teacher refuses to wear personal protective 

equipment al all tims in the laboratory, stu­

dents can hardly be expected to behave differ­

ently. 

In many states, the law requires that 

everybody in science laboratory classes must 

wear some type of acceptable eye protector. 

Teachers may determine which eye protection 

device is to be used in any given situation, 

and then make sure that device is available 

to everyone. 

2-20 



LESSON 

NOTES 

NO.2 

INSTRUCTION 

Personal protective devices include 

safety glasses, goggles, and face shields; lab 

coats and gloves; hearing protectors; respira­

tors and filter masks; protective creams and 

lotions. Each product has a particular use 

and every laboratory teacher should be fami­

liar with its proper application. 

IS COMMON SENSE ENOUGH? 

Many of the accidents that happen in 

school laboratories could probably be preven­

ted by the application of liberal doses of 

common sense. Some accidents with safety im­

plications involve everyday problems that just 

happen to occur in a school science laboratory. 

For example, the student who trips over his own 

feet or breaks a glass beaker and cuts himself 

is not the victim of hazards confined to sci­

ence laboratories. 

Some hazards, however, are endemic to 

science laboratories and are unlikely to be 

encountered anywhere else. The potential for 

severe damage to both people and property is 

so great that safety and health problems cannot 
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be left to the common sense of either teachers 

or students. 

A safety program will not be effective 

unless teachers and students receive exten-

sive formal instruction in protective practi-

ces. The area of safety and health merits as 

much or more attention than any other part of 

the science curriculum. 

REFERENCES 

Peterson, J.E •• "Iodine and Compounds", 
Encyclopedia of Occupational Safety and Health, 
Vol. 1. McGraw-Hill Book Company, New York 
(1976) 

Safety in Academic Chemistry Laboratories. 
American Chemical Society, Committee on Chem­
ical Safety, Washington, D.C. (January 1976). 
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SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

LEGAL ASPECTS OF LABORATORY SAFETY No. 3 

METHODS Lecture and Discussion LENGTH 15 minutes 

PURPOSE Provide information about the potential liability 
arising from injury-producing accidents in 
laboratories under teacher control. 

OBJECTIVES 

SPECIAL 
TERMS 

Enable the teacher to .•. 

1) Know and be able to identify the types of potential legal 
liability which can be incurred through negligent behavior 

2) Know, understand and be able to apply the 3 responsibilities: 
instruction, supervision, and maintenance 

3) Prepare a personal plan for protection from the 
consequences of legal liability for injury-producing 
accidents in the laboratory. 

Foreseeability 
Liability 
Master-servant relationship 
Negligent act 
Reasonable man 

Sovereign immunity doctrine 
Tort law 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

Lesson Plan 

Note-taking 

3-1 
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INTRODUCTION 

The classroom teacher can be placed in 

Introduction the unenviable position of being the only party 

amenable to suit among all potentially liable 

parties - the state, the school district, the 

school board, the school administration and the 

school teacher. Teachers can incur legal 

liability in a number of ways; however, only one 

is of interest here and that is negligent be-

havior. 

The classroom teacher has two basic duties 

Basic duties of classroom which are related to the legal concept of 
teachers 

negligence. These are the duty of instruction 

and the duty of supervision. 
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NEGLIGENCE IN TORT LAW 

Negligence, in the eyes of the law, may 

be defined as conduct that falls below a 

standard of care established by law to protect 

others against an unreasonable risk of harm. 

If the standard of care has not been specifi-

cally established by statute, the actions or 

inactions of an individual will be measured 

against what a hypothetical, reasonably prudent 

individual would have done under the same 

circumstances. Obviously there can be legit i-

mate and complex questions regarding the course 

of action which a prudent man would take under 

a given set of circumstances. Later in the 

Concept of foreseeability presentation examples of legal thinking on what 

the prudent man is will be given. 

One important aspect of the conduct of the 

reasonable man is anticipation. A reasonable 

man is expected to be aware of the foibles of 

human nature and be able to anticipate where 

difficulties might arise. Thus, a pedestrian 

may not step blindly in front of a moving 

vehicle expecting the driver to stop, and a 
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te.acher may not direct a student to perform a 

dangerous experiment without giving adequate 

instruction and supervision. The reasonable 

teacher must be able to anticipate the common 

ordinary events and, in some cases, even the 

extraordinary. 
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What Constitutes a Negligent Act? 

The determination of negligence often 

presents some difficulty. In the prior section 

the concept of a reasonable man was discussed. 

In this section and the following sections, the 

negligent acts of teachers will be considered. 

Earlier it was mentioned that teachers 

have two basic duties - the duty of instruction 

and the duty of supervision. There is also a 

third duty that pertains to scien.ce teachers 

which is the proper maintenance and upkeep of 

all equipment and supplies used by the students. 

Science teachers have responsibility of 

all three duties. Students in laboratory 

classes should not be allowed to engage in an 

activity without first receiving complete 

instructions from the teacher. The teachers 

should include in such instruc.tions an explana­

tio~ of the basic procedure involved, some 

suggestions on conduct while performing the 

activity, and the identification and clarifica­

tion of any risks involved. 
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Cases in Which the Instructor Conduct Was 
Aqjudged to be Questionable 

In the following cases, the laboratory 

teacher was held to be guilty of negligent 

conduct or his or her conduct was held to be 

a proper question for jury consideration. 

In Mastrangelo v. West Side Union High 

School, a l6-year old high school student 

was seriously injured in the school chemistry 

laborabory when a chemical mixture exploded in 

his hands. The student was pulverizing a mixture 

of char-coal, sulfur and potassium chlorate with 

an iron mortar and. pestle. The student had 

substituted potassium chlorate for the speci-

fied potassium nitrate. The student had re-

ceived no instruction in the danger of substi-

tution in this kind of experiment. The student 

filed suit alleging negligence on the part of 

the instructor. The court stated that it was 

not unreasonable to assume that the duty of a 

teacher of chemistry, exercising ordinary care, 

includes instructing the students regarding the 

selection, mingling and use of ingredients with 

which dangerous experiments are to be 
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accomplished rather than to merely hand them a 

textbook with general directions·to follow the 

text. 

In Reagh et al. v. San Francisco Unified 

School District, a high school student brought 

an action against the school district for 

injuries he received in the spontaneous explosion 

of some chemical reagents. The student was en-

rolled in an R.O.T.C. program at the school. 

The student had asked his chemistry teacher for 

instructions on making smoke bombs to be used in ) 

the R.O.T.C. maneuvers. The student asked the 

instructor if it would be all right to add po-

tassium chlorate and sugar to red phosphorus 

to make the smoke bomb and the instructor said 

yes. The student put quantities of the three 

chemicals into the same container. The container 

exploded severely injuring the student. 

The court stated that the teacher had never 

instructed the class in the danger of combining 

potassium chlorate with either sugar or red 

phosphorus although the teacher knew they'might 

explode. The court held that the question of 

whether the school district and its employee, 
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the teacher, were negligent in allowing the 

student access to the chemical reagents without 

proper instructions was a legitimate question 

for the jury. 

In Jay v. Walla W~lla College, a college 

student was seriously injured when an explosion 

occurred as he was trying to fight a laboratory 

fire. The student was working on an authorized 

experiment when he heard an explosion across 

the hall. He ran across the hall with a fire 

extinguisher and was injured when a more serious 

explosion occu~red. The initial explosion 

occurred in the midst of an experiment involving 

ethyl ether and which was conducted by two 

other students. There was evidence that the 

professor guiding the two students failed to 

provide the proper superv~sion and direction even 

after he had been notified of two previous minor 

explosions which had occurred during the course 

of the experiment. 

The court held that the question of whether 

the professor had provided the proper supervision 

for the students under his direction was a 
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proper question for the jury to decide and, the 

court affirmed the verdict for the student. 

In Bush v. Oscoda Area Schools, a student 

brought suit for personal injuries against her 

teacher, school principal, dist~ict superintendent 

and the school district itself. The student was 

injured when a container of methanol ignited in 

a classroom. A mathematics classroom was being 

used for a physical science class due to crowded 

school conditions. The room contained no storage 

or ventilation facilities nor any of the other 

equipment usuaLly associated with a science 

laboratory. 

Open flame alcohol lamps were used in the 

science experiments because gas outlets were 

not available. Methanol was stored in bulk in 

an old plastic jug which was allegedly damaged 

and split. The jug and the lamps were kept on 

a counter in the rear of the room. The student 

alleged that some methanol had been spilled on 

the counter near a lighted lamp, and, as she 

attempted to extinguish the lamp, there was an 

explosion and fire which ignited her clothing 

and resulted in severe second 'and third degree 
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burns to her person. 

The student claimed various.acts of 

negligence including the following affirmative 

acts: 

1. Leaving spilled alcohol exposed to 
ignition sour~es; 

2. Failure to properly handle and store 
the methanol when open flame lamps 
would be in use proximate thereto; and 

3. Keeping the methanol in a damaged 
container. 

The plaintiff also claimed the following 

acts of omission: 

1. Failure to warn and supervise students 
in handling methanol around flame; 

2. Failure to train students and school 
personnel in the use of the fire 
alarm system and fire extinguishers; 
and 

3. Failure to have the fire alarm equip­
ment in working order. 

The court held that the school district 

was immune from liability under Ehe government 

immunity doctrine and that the superintendent 

was not personally negligent in any way. As 

to the teacher, the court held that her conduct 

was of such a nature as to.constitute a proper 

question for the jury. As to the principal, 
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the court hetd that he was not responsible for 

the acts of th~ teacher, but, as he was responsi­

ble for curricul~m and class scheduling, he 

should have known of the dangers inherent in 

using the mathematics classroom as a physical 

science laboratory, and, consequently, his con­

duct is also a proper question for the jury. 

The four cases described above give ex­

amples of real teaching situations and incidents. 

Examples of this nature are more illustrative 

and forceful than a list of do's and don'ts. 

These four cases can be used by every teacher 

as a yardstick against which their own behavior 

can be measured. 
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Cases in Which the Instructor Has Been 
Adjudged Not Liable 

Teachers have not always been found liable 

in laboratory accidents. In Moore v. Order 

Minor Conventuals, a student wap adjudged 

guilty of contributory negligence after he was 

severely injured in a chemical explosion. 

The student, along with fellow students, had 

received permission from the teacher to enter a 

laboratory to set up equipment for an experiment 

to be conducted later. While in the laboratory, 

the student" attempted to make a batch of gun-

powder using a formula of his own. He mixed 

potassium nitrate, sulfur, manganese dioxide, 

and phosphorus together. An explosion occurred 

and he was seriously injured. The student 

claimed negligence on the part of the school 

and" teacher because no instructions had been 

given to him with respect to safety in the 

laboratory and no warnings as to the dangers in-

volved in mixing chemicals. 

The court held that th~ student's injuries 

were the result of his own imprudent acts, and 

no award could be granted to him. 
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In Wilhelm v. Board of Education, two 

13 year-old students were working on science 

projects, with the approval of the teacher, in 

a laboratory with the door closed. After 10 

minutes, the two students began to play with 

some chemicals in glass bottles which were on 

a laboratory shelf. The students knew that the 

chemicals were dangerous. While they were mixing 

and grinding the chemicals, the mixture flared 

up seriously injuring the plaintiff. The court 

held that the plaintiff was guilty of contribu­

tory negligence as a matter of law and dis­

allowed his claim. 

In Bottorf v. Ha1tz, a student brought legal 

action against a teacher for injuries sustained 

in an art class. The student was severely 

burned when a container of hot wax fell on his 

back. 

The instructor .had decided to teach candle­

making to his class. The school provided hot 

plates, some molds, wicks, melting pots and 

hot pads. The hot plates had no thermostatic 

control. When the proj ect began, "double boilers, 

with the wax in the top container and water in 
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the bottom one were used to heat the wax. The 

necessity of getting the experiment completed 

within a 45-minute class period, however, im­

pelled the change to a faster procedure, and 

so, the students were permitted to place the 

melting pots directly on·the hot plates. How­

ever the teacher instructed the students to 

pour the wax into the mold as soon as it was 

liquid. The teacher instructed the students 

as to the dangers involved in dealing with hot 

wax, the precautions to be taken, and the first­

aid procedures to be followed in the event of 

a burn. 

The candle-making apparatus was set up on 

heavy work tables along one wall. During each 

class period, one candle maker and one helper. 

were permitted to work at each of the three -

stations while the rest of ~he class remained 

in their seats and worked on other projects. 

The plaintiff was a helper at one of the 

stations when the accident occurred. The 

teacher noticed that the two students had 

spilled some hot wax on the floor while pouring 

wax into a mold. He instructed the two students 
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to clean the wax from the floor before it 

hardened. The teacher asked another student 

to take them a screwdriver to one scraping the 

wax off the floor. As the third student turned 

to leave the station she bumped the table causing 

the mold to tip over and dump hot wax on the 

back of the plaintiff who was still cleaning the 

floor. 

The plaintiff claimed negligent supervision 

on the part of the teacher. The court held that 

even tho~gh the conduct of the teacher contained 

some questionable aspects - for example, his 

allowing a potato chip can to be used as a 

mold (regular molds are weighted at the bottom), 

and his decision to use hot plates without 

thermostats - every risk created by the teacher's 

·actions was counterbalanced by precautions that 

a jury could reasonably decide to be sufficient. 

The teacher's actions were judged not to consti­

tute negligence at law. 

The cases discussed give an indication 

of how courts view certain situations. However, 

the law is constantly being changed, altered, or 

modified to deal with changing social patterns. 
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The current trend in negligence cases of this 

nature is in favor of the plaintiffs and against 

the defendants. 

'3-17 



LESSON 

NOTES 

Avoidance of negligent 
acts 

List of guidelines 

NO.3 

INSTRUCTION 

Avoiding Negligent Acts 

Teaching personnel must be constantly aware 

of their duties as viewed by the courts. No 

student actions should be permitted without de-

tailed instruction and supervision. The follow-

ing list of guidelines is intended to aid 

teachers in carrying out their duties and 

minimize their chances of becoming involved in 

any future legal proceedings: 

(1) Teachers are expected to protect the 

health, welfare, and safety of their students. 

(2) Tea~hers must recognize that they are 

expected to foresee the reasonable consequences 

of their inactions. 

(3) Teachers must carefully instruct their 

classes and must give careful directions before 

allowing students to attempt independent 

projects. 

(4) All activities must be carefully 

planned. 

(5) Teachers must be careful to relate 

any risks inherent in a particular laboratory 

experiment to students prior to their engagement 
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in that activity. 

(6) Teachers should create an environment 

in which appropriate laboratory behavior is 

maintained. 

(7) Teachers should report all hazardous 

conditions to supervisory personnel immediately 

and insist that the conditions be corrected 

immediately. 

(8) Teachers should keep adequate records 

covering all aspects of the laboratory opera­

tions. 

(9) The teacher's presence in the 

laboratory is recommended to assure adequate 

safety supervision. 

(10) Teachers should be aware of local laws 

and regulations that relate to laboratory 

activities in science. 
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Liability Insurance 

Liability insurance covering negligent 

acts is available to teachers. The effect of 

carrying liability insurance' is twofold. On 

the one hand~ it helps in protecting the· teacher 

against financial loss resulting from negligent 

behavior, but, on the other hand, it makes the 

teachers more amenable to lawsuits. Because of 

the existence of insurance, more and more law­

suits involving negligent conduct by teachers on 

the playground, in the gymnasium and in the 

classroom are being filed. Liability insurance 

is a protection, but it should be regarded as 

secondary to the teacher's conduct. 
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Employer-Employee Relationship 

In general, public school districts cannot 

be sued for torts committed by the district 

itself or by its agents or employees. This 

principle is based on the sovereign immunity 

doctrine which held that any governmental 

operation could do no wrong and therefore could 

not be sued without its consent. 

This doctrine does not extend to teachers 

as employees of public school districts. 

Teachers are, in the eyes of the. law, fully 

liable for the consequences of job-related 

negligence. The legal rationale for holding 

that there is no true master-servant relation-

ship between a school district and its em-

ployees is not particularly relevant to the 

teacher. What is relevant is that he or she 

may wind up bearing. the brunt of .any legal action 

Teachers in private schools are fully 

liable for their negligent acts, but in this 

case their employer may also be liable. 
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Laboratory Procedur~s 

Earlier it was noted that the classroom 

instructor has two basic duties - instruction 

~ and supervision - and a third duty, related to 

the other two, which involves the proper 

maintenance of facilities and equipment. 

One aspect of proper supervision is the 

control of student behavior in the laboratory. 

Teachers have frequently been held liable for 

injuries occurring as a .result of the misbehavior 

of one or more students. It is imperative that 

the teacher stress proper conduct in the labora-

tory. The nature of a science laboratory is such 

that no student misbehavior of any type should be 

tolerated. 

One of the most important aspects of proper 

instruction and supervision is by teacher example. 

Instructors who show little or no respect 

for proper laboratory procedures are in no posi-

tion to complain when the students imitate their 

bad example. Therefore it is incumbent upon each 

individual science teacher to be informed of the 

latest developments in safe laboratory operation 
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and to institute them in his/her own laboratory 

whenever necessary. Instructors can be held 

liable for a failure to act as well as acting 

improperly. If an instructor fails to institute 

safety and health practices that are routine in 

other education science laboratories, he/she 

may be risking serious personal liability. 

Another potential source of trouble for 

the school science teacher is the equipment 

contained in most science laboratories. While 

the equipment may be the ultimate responsibility 

of the school and school district, the responsi­

bility for mainten~nce falls upon the teacher. 

An injury occurring to a student as a result 

of poorly maintained equipment can have serious 

financial and occupational consequences to the 

affected instructor. The teacher can minimize 

this liability by keeping the proper maintenance 

records and filing the proper ~eports with the 

responsible administrative officers. The 

teacher's greatest defense is prior notice of 

equipment defects to the school administration. 

It is further recommended that this notice be 

made in writing, with file copies retained. 
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PURPOSE 

OBJECTIVES 
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TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

STUDENT INVOLVEMENT IN SAFETY PROGRAMS NO. 4 

Lecture and Discussion LENGTH 30 minutes 

Provide suggestions for implementing an effective 
safety program in the school science laboratory. 

Enable the trainee to ••• 

1) Identify ways and means of motivating student interest 
in laboratory safety. 

2) Select appropriate opportunities for the active 
participation of all students in laboratory safety. 

3) Create a meaningful safety role model for science 
students in the laboratory. 

Epidemiologist 
Industrial hygienist 
Job-related hazard 
Occupational health nurse 
Occupational safety and health 

r·esson Plan 
Slides 

Note-taking 
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Safety contract 
Safety enforcement 
Safety engineer 
Safety foreman 
Safety rule 

Chalkboard, Chalk, Eraser 
Projector (35mm) , Screen 
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LESSON Student Involvement in Safety Programs NO. 4 

NOTES 

Sagan (1977), pp. 237-8 

INSTRUCTION 

INTRODUCTION 

Learning to solve problems "hands-on" by 

experimental methods is important to the 

intellectual development of every youngster in 

a scientific civilization. This kind of science 

education is perhaps one of the best ways to 

counteract the resurgent interest in mysticism 

and psychic beliefs about which a well-known 

space scientist has remarked: 

" ••• their widespread acceptance betokens 
a lack of intellectual rigor; an absence of 
skepticism, a need to replace experiments 
by desires." 

Learning to use experimental methods in safe 

and healthy ways is also important to the 

development of science students, to their well-

being, and perhaps even to their survival over a 

normal life expectancy. 

There is much more to science safety than 

rules and regulations for the preservation of 

school life, limb, and property. Other sides of 

the picture may provide some of the motivation 

that is essential to the success of laboratory 

safety programs. 
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Safety Programs 

The foundation for all safety activity 

should be a formal program with the official 

stamp of approval by school administrators and 

the active support of parents. 

Policies and guidelines may come "from the 

top", but teachers have to assume the responsi­

bility for making school safety work. 

Instructional objectives for safety should 

comprise the framework of all activity, with 

teachers providing the role models. 

Exemplary leadership is critical. Students 

will develop good work practices only if teachers 

set the pace by actions as well as words. 

SAFETY AND HEALTH IN THE JOB WORLD 

Occupational safety and health is a big and 

possibly new world for science teachers. It is 

so dynamic that full-time professionals can 

barely stay on top of the changes. However, there 

is room for everyone to contribute as well as 

benefit. Teachers and students who like to keep 

up with what's going on, and be where the action 
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is, will find that lab safety is only the tip of 

a very rewarding iceberg. 

Sooner or later, most science students will 

join the labor force as paid workers. Some may 

be laboratory employees. Others may be involved 

directly or indirectly with the manufacture, 

utilization, or handling of hazardous materials. 

Each will be exposed to safety and health hazards 

of some kind on the job, especially chemicals. 

This is a fact of everyday life in our technolog­

ical society. 

All levels of white and blue collar workers 

are affected by their job conditions. Paychecks, 

along with a full and productive life, may depend 

on the knowledge and skill required to cope with 

job safety and health hazards. In other words, 

it's worth the effort for students to find out 

what they might be up against and how to deal 

with it. 

Student Activities 

Research and reports about potential work 

hazards may help youngsters make occupational 

choices, as well as treat lab safety as job 
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See Appendices Band C. 

Job Safety & Health 

OSH Act of 1970 and 
29 CFR 1910 

INSTRUCTION 

training for future employment. Reading and 

talking about the job world can be used to em-

phasize the importance of school lab safety. 

Resources 

Publications for career education generally 

are not very specific about job-related hazards, 

except for the spectacular and obvious risks. 

Information directed towards workers and small 

businessmen may be more suitable. 

Sources include government agencies and 

other organizations concerned with safety and 

health. For example, OSHA publishes a monthly 

magazine that includes articles on many kinds of 

work. NIOSH issues a series of health and 

safety guides for various businesses and 

industries. Professional societies, trade 

associations, and unions may also be helpful. 

Some students may wish to review legal 

documents on occupational safety and health. 

Others may want to report on popular books and 

advocacy literature. Science teachers should be 

familiar with at least classroom regulations. 
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However, discussion of this material may be 

better suited to social studies. 

SAFETY AND HEALTH CAREERS 

Students often find their career niches in 

secondary school science laboratories. Those 

who want to pursue further study in related 

disciplines may be interested in occupational 

safety and health careers. The field is inter-

disciplinary, with a very wide range of special-

izations rooted in the biological, chemical, and 

physical sciences, plus engineering, law, and 

medicine. 

Among the men and women working in 

occupational safety and health are epidemiolo-

gists, toxicologists, health physicists, all 

kinds of engineers, inspectors and investigators, 

nurses and physicians. 

There are also roles for behavioral scien-

tists, economists, managers, statisticians, and 

specialists in communications, personnel adminis-

tration, and education or training. 

The generalists or overall professionals in 

the field are called industrial hygienists or 

safety engineers. 
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Exhibit 4-1 

See Appendices Band C. 

INSTRUCTION 

Job opportunities are numerous and academic 

programs are increasing in quantity and quality. 

Student Activities 

Interested students may get assistance from 

career counselors in obtaining pertinent infor­

mation. Another way is to do some individual 

investigation about occupational safety and 

health professionals, what they do, and how this 

relates to safety in the school science 

laboratory. 

Resources 

Professional societies are usually good 

sources of career information. Students can 

begin with the following: 

American Association of Industrial Nurses 

American Industrial Hygiene Association 

American Society for Safety Engineers 

Government agencies like NIOSH and OSHA also 

publish some career information. 

Librarians should be able to help students 

get the right addresses. 
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LAB SAFETY ACTIVITIES 

Given the implications of science education 

for the job world, students may respond favorably 

to a "worker" approach to safety in the school 

laboratory. Some teachers may find it difficult 

to think of students as workers and themselves as 

job supervisors, but the parallel roles are 

obvious and worth exploring. Here is where the 

extensive experience and literature of safety in 

industry could be very useful. 

Safety Committees 

This is a widely used means of getting 

management and labor together on safety matters. 

In science education, teachers and student 

representatives (perhaps elected by their peers) 

might be able to work together with administra­

tors in developing safety guidelines. 

Consultation with available safety and 

health professionals is strongly recommended. 

Parental representation may be desirable. Spon­

sorship by local business and industry might be 

considered. 

Teachers may be skeptical of "outside 
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Exhibit 4-2 

Exhibit 4-3 

INSTRUCTION 

meddling" in classroom affairs. However, using 

resources in the community could make their 

safety work easier and more successful. 

Safety Contracts 

The National Science Teachers Association 

suggests that students be requested to sign a 

"contract" that specifies acceptable behavior in 

a school laboratory situation. Such a contract 

should include basic rules to follow, plus a 

statement indicating that the signee agrees to 

abide by these rules and any additional safety 

directions provided by the teacher or school 

administration. 

The primary purpose of the contract is to 

make the student aware of his/her own respon­

sibility for laboratory safety. Students should 

also realize the implications of improper 

behavior. For example, courts have ruled that 

students can be just as guilty of negligence as 

teachers in laboratory accidents. 

Safety Rules 

Working alone or with a safety committee, 

every science teacher must prepare and distribute 
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to each student a written set of rules for 

laboratory activities. These "do's and don'ts" 

should be quite specific, as contrasted to the 

more general statements in a safety contract. 

The list should be long enough to cover all basic 

requirements for lab safety. Each item should 

be worded as clearly and concisely as possible. 

People in general and students in particular 

tend to resist and ignore rules, especially when 

these are stated negatively. However, there are 

situations for which authoritative words like 

"must, never, and do not" are essential to 

personal safety. Teachers and students can learn 

to live with this terminology, in both the 

literal and figurative sense. 

Safety Orientation 

Before any "hands-on" activity begins in a 

science course, teachers should conduct a 

thorough safety orientation for all students. 

Acceptable behavior and enforcement procedures 

should be reviewed in detail. Anyone who misses 

any part of the orientation should be briefed 

before proceeding to actual lab work. 
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Arrangements should also be made by teachers 

and administrators for the orientation of 

potential substitute teachers, student teachers, 

and anyone else who might take over or partici­

pate in science classes. 

Safety Foremen 

Borrowing again from industry, the idea of 

student assistance as safety foremen seems to 

have merit. This job could be rotated among 

students selected on whatever basis is most 

appropriate. 

Teachers will find it difficult, if not 

impossible, to do all of the safety work in 

school labs without help. Trained and reliable 

students should be able to assist with routine 

activities and alert teachers to special 

problems. 

Safety Campaigns 

Many support activities are used in industry 

to promote and implement safety programs. 

Similar activities for school science safety may 

be limited by priorities and resources. 

However, teachers and students are usually 
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"masters" of creativity and resourcefulness in 

planning and conducting campaigns. Just to men­

tion a few related projects, there might be 

posters, signs, flyers, suggestion boxes, 

competitions, awards, and media coverage inside 

or outside the school system. 

Safety and Health Research 

Anybody who has been to graduate school 

knows that much of the teachers' library 

research is done via student papers and the leg­

work of graduate assistants. This precedent 

should give secondary school science teachers 

a few ideas about how to help themselves as well 

as their students in matters of lab safety and 

health. 

Of course, there is generally a difference 

in level of maturity, as well as availability of 

resources. However, college-bound and 

particularly honor students in advanced science 

courses in metropolitan areas can do wonders 

with literature searches. 

Safety and health projects must not be 

confined to this group, however. Commercial 
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students may have more interest and better 

skills for work such as labeling and inventories. 

Vocational students may know more than some 

science teachers about ventilation and other 

physical aspects of the laboratory. 

A very practical and worthwhile project for 

all science classes is a safety manual to which 

each student can make a useful contribution 

according to his/her capabilities, interests, 

and needs. Such a manual might include hazard 

information on laboratory materials, illustra-

tions of protective equipment and directions for 

using it, cartoons and blurbs for laboratory 

practices, news stories about occupational safety 

and health, sources of information, etc. Both 

teacher and student contributions might be 

published as a safety handbook with "yearbook" 

supplements by new classes. 

GETTING STARTED 

This in-service training program is hope-

fully just the beginning of every science 

teacher's self-improvement plan towards a safe 

and healthy workplace for all school laboratory 
participants. 
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Exhibit 4-4 

INSTRUCTION 

There is much to learn - new knowledge, 

skills, and attitudes for teachers, as well as 

students. 

Maybe the best way to get started is to 

"find yourself" among the student types you know 

so well and then plan your own learning 

activities accordingly. 
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EXHIBIT 4-1. PROFILE OF A SAFETY PROFESSIONAL 

Plans, develops, implements, and administers programs concerned with 
accidents, illnesses, injuries, and loss control. 

Duties 

1. Ensures that safety and health regulations and standards are observed. 

2. Conducts safety inspections for purposes of identifying and correcting 
conditions having potential for injury to employees, damage to equipment 
or facilities, or loss of materials. 

3. Reviews and approves safety aspects of new equipment, facility layout, 
and design. 

4. Develops and approves procedures for hazardous operations. Provides 
specialized training and disseminates safety information necessary to 
maintain an interest in accident prevention and injury control. 

5. Coordinates safety activities with other staff professionals, including 
management, industrial hygienists, nurses, physicians, and fire and 
security personnel. 

Recommended Educational Requirements 

Bachelor of Arts or Science. 

Professional Development 

Graduate Degree and/or Short Training Courses. 

Field of Study 

Chemistry, Physics, Biology, Engineering, and/or Behavioral Science. 

Source: NIOSH, Careers Brochure (1977) 
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I will: 

• 
• 

• 
• 
• 
• 

EXHIBIT 4-2. SAMPLE STUDENT SAFETY CONTRACT 

HEADER 

Follow all instructions given by the teacher 

Protect eyes, face, hands, and body while conducting 
class activities 

Carry out good housekeeping practices 

Know where to get help fast 

Know the location of first aid and fire fighting equipment 

Conduct myself in a responsible manner at all times in a 
laboratory situation. 

I, -----------------------------------, have read and agree to abide by the 

safety regulations as set forth above and also any additional printed 

instructions provided by the teacher and/or district. I further agree to 

follow all other written and verbal instructions given in class. 

Date 

Source: 

Signature 

National Science Teachers Association. Safety in the Secondary 
Science Classroom (Prepublication copy, 1977). 
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EXHIBIT 4-3. SAMPLE LABORATORY SAFETY RULES 

1. Wear proper eye protection at all times during laboratory 
activity and where chemicals are stored and handled. 

2. Confine or securely tie hair that reaches the shoulder. 
Remember that hair is extremely flammable! 

3. Do not smoke, eat, drink, or chew gum in the laboratory. 
Dangerous chemicals may get into your mouth or lungs! 

4. Do only the experiments assigned or approved by teachers. 
Unauthorized experiments are prohibited! 

5. Never engage in horseplay or practical jokes. 
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EXHIBIT 4-4. SOME CURRENT STUDENT PROBLEMS 

Abuse and Neglect at Home Handicaps 

Alcohol and Drugs Parenthood and Pregnancy 

Economic Hardship Terrorism 

Foreign Language and Culture Vandalism 
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SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 'M 
I 
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METHODS 

PURPOSE 

OBJECTIVES 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

EYE AND FACE PROTECTION NO.5 

Lecture and Discussion LENGTH 45 Minutes 

Develop understanding and appreciation of the need 
for adequate eye and face protection in the chemical 
laboratory. 

Enable the teacher to ... 

1) Identify hazards to eyes and face in the laboratory. 

2) Determine adequate methods to evaluate or measure 
eye and face hazards in the laboratory. 

3) Choose proper means of preventing accidents and 
injuries from eye and face hazards in the 
laboratory. 

Eyewash fountain 
Eyewash station 
Face shield 
Industrial safety glasses 

Lesson Plan 
Slides 

Note-taking 

5-1 

Protein barrier 
Safety goggles 
Street safety glasses 

Chalkboard, Chalk, Eraser 
Projector (35mm) and Screen 
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NOTES 

NO.5 

INSTRUCTION 

INTRODUCTION 

The eye is probably the most vulnerable 

portion of the body surface from an injury 

standpoint. It is also the most important link 

between the individual and the outside world. 

Every effort should be made to ~rotect the eye. 

The eye is protected from impact injuries 

by the bony socket in which it rests by inter­

cepting large objects before they reach the 

surface of the eye. Tears provide lubrication 

for the eyelids and wash foreign material from 

the surface of the eye. The eyelids close to 

protect the surface of the eye from damage by 

small objects. The fatty tissue lining in the 

bony socket cushions the eye against shock. 

Despite these defenses the eye is easily 

damaged. The eye is a complex, specialized 

organ which does not recover from injury as 

other tissue do. The eye possesses few blood 

vessels. Consequently, injuries are much 

slower to heal and may not fully recover. 

Foreign bodies present the most common 

danger to the eye. Particles can lodge on the 
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surface of the eye where they are generally 

irritating or sharp objects can penetrate deep 

into the eye where they may cause no pain. 

Certain types of particles can be extremely 

damaging to the eye. For example, pure 

copper and iron particles which might penetrate 

the eye could result in the loss of sight be­

cause of their toxic effects on the tissue. 

In the laboratory, flying glass, possibly 

from an exploding test tube or flask, can also 

cause severe eye injury. 

The eye reacts differently to different 

chemical agents. If acid reaches the eye, 

the eye precipitates a protein barrier that 

reduces penetration of the acid into the eye 

tissue. On the other hand, caustic material 

in the eye is much more hazardous because the 

eye has no defense as with acid, and the 

caustic material readily penetrates into the 

eye tissue. 

Laboratory procedures that can generate 

liquid droplets or splashes include pouring, 

stirring, blending, heating, and reacting of 
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chemicals. Cleaning of glassware and breaking 

of containers can also cause chemicals to 

reach the eye. 

Another eye hazard found in the school 

science laboratories is radiation. Ultraviolet, 

visible, and infrared radiation can all damage 

eye tissue if the intensity level is high 

enough. The increasing use of lasers in all 

types of laboratories is a matter for concern. 

The use of lasers requires special eye protec­

tion in addition to special facilities and 

proper techniques. 
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EYE PROTECTION AND THE LAW 

The National Society for the Prevention of 

Blindness developed a model law to require eye 

protection in school science laboratories and 

other areas where eye hazards could exist. 

The Ohio law, Section 3313.643 of the Ohio 

Revised Code, states as follows: 

"Every student and teacher of a 
school, college, or other educational 
institution shall wear industrial 
quality eye protective devices at all 
times while participating in or observing 
any of the following courses: 

(A) Vocational, technical, industrial 
arts, fine arts, chemical, physical, or 
combined chemical-physical educational 
activities, involving exposure to: ..... 

(6) Caustic or explosive materials; 

(.8) Chemical, physical, or combined 
chemical-physical laboratories involving 
caustic or explosive materials, hot 
liquids or solids, injurious radiations, 
or other hazards. 

Such devices may be furnished for 
all students and teachers, purchased and 
sold a t cos t to s tuden ts and teachers, or 
made available for a moderate rental fee, 
and shall be furnished for all visitors 
to such shops and laboratories. 

The superintendent of public instruc­
tion, or any other appropriate educational 
authority designated by the superintendent. 
shall prepare and circulate to each public 
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and private educational institution in 
this state instructions and recommenda­
tions for implementing the eye safety 
provisions of this section. The Indus­
trial Commission shall insure compliance 
with this section. 

Industrial quality eye protective 
devices, as used in this section, means 
devices meeting the standards of the 
American National Standard Practice for 
Occupational and Educational Eye and 
Face Protection, Z87.l-l968, approved 
by the American National Standards 
Institute, Inc., and subsequent revisions 
thereof, provided such revisions are 
approved and adopted by the Industrial 
Commission." 

As of July 1977, 36 states have enacted 

laws based upon the aforementioned model. 

Compliance with the Law 

The preceding paragraph cites the American 

National Standard, ANSI Z87.l as was recom-

mended in the NSPB model law. This Standard, 

developed primarily for industrial use, is the 

most sound basis for selecting eye protection 

fitted to the task and the hazard. 

Careful reading of the Standard and study 

of Exhibit W-5-2 will lead to a conclusion that 

splash resistant chemical goggles are the only 
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protective device adequate for general eye 

protection in the school laboratory. 

For severe exposures, rarely occurring in 

school laboratories. the additional protection of 

a face shield is required to protect the face 

as well as the eyes. 
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SAFETY GOGGLES 

Goggles meeting the ANSI Standard are 

available in many different styles and can be 

purchased from several manufacturers. The type 

most commonly used in the school laboratory is 

a flexible soft-sided plastic model with a 

single large plastic lens. 

Ventilation is necessary for comfort and 

good visibility, but openings must not permit 

entrance of chemical splash. Chemical goggles 

are available with baffled vents so that air 

can flow through but liquids will not enter. 

Goggles can be worn over most prescription 

spectacles with the possible exception of some 

modern styles with extra large diameter lenses. 

Care and Cleaning of Goggles 

Clearly the preferred arrangement for 

supplying students with eye protection is to 

issue a pair of goggles to each student for the 

duration of the course. He should then wash 

them frequently and store them in a protected 

place. 
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Where more than one student must use the 

same goggles, it is advisable to clean and 

sterilize them between wearings so that infec­

tion will not be spread. Cleaning solutions 

containing quaternary ammonium compounds are 

effective but require thorough rinsing before 

drying. (See Sec. 6.4.3 of ANSI Z-87.1) 

Some schools have installed wall cabinets 

for sterilizing goggles with ultraviolet light. 

These cabinets are expensive but may be used 

if sterilization time is carefully controlled. 

The cabinet has the advantage of furnishing 

storage for the goggles. 
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FACE SHIELDS 

As indicated, a face shield for handling 

chemicals in the laboratory is best suited for 

wearing over goggles to protect the face when 

the splash hazard is considerable. 

Face shields large enough to give effective 

protection to the eyes would be too cumbersome 

for convenient wearing in the laboratory. 

One or two face shields should be available 

for the teacher to wear when the quantity of 

chemical handled is large or the reactivity 

hazard is appreciable. 
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CORRECTIVE EYEWEAR 

Many students and teachers require 

prescription lenses to correct visual defects. 

Since January 1972 all such lenses are required 

to be impact resistant in accordance with a 

federal regulation. 

However, they should not be regarded as 

safety glasses, since they fall far short of 

ANSI Standard Z87.l. They are safer for street 

wear, but they are not adequate for eye protec­

tion in the laboratory. 

Many splashes and solid particles approach 

the eye from an angle or from underneath; hence, 

would not be stopped by the lense even if it 

is strong enough. It is estimated that a third 

of eye injuries are caused by another person or 

source, not what the injured is doing. This ac­

counts for some of the diversity in approach 

angle. 

Although some modern glasses have large 

lenses, most are less than 50 millimeters in di­

ameter, much smaller than the lens of most 

goggles. 
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If worn, corrective eyewear should be 

covered with chemical goggles. 
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SAFETY GLASSES 

Industrial quality safety glasses will 

withstand severe abuse but are more suited to 

the school shop than the laboratory. 

Again, they are smaller than desired and 

furnish little protection from splashes at an 

angle. Safety glasses furnished in industry 

are often fitted with side shields, but these 

are usually not suited for chemicals. If 

safety glasses are worn in the laboratory, they 

should be covered with chemical goggles. 

Safety glasses have saved many eyes in 

shops and other locations where solid particles 

and projectiles are the principal hazards, but 

they are not the proper choice for the school 

laboratory. 
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CONTACT LENSES 

It has been argued that contact lenses 

offer protection from damage by particles and 

chemicals. Nothing could be more erroneous. 

An eye that has received a chemical splash 

should be irrigated with water until the material 

has been completely washed out. This usually 

takes about 15 minutes. If a contact lens is in 

the affected eye, the chemical may be drawn under 

the lens by capillary attraction where it cannot 

be reached by water washing. 

The lens must be removed to permit effective 

washing. Under the traumatic conditions with 

pain and fear as impediments it may be impossible 

for the victim or anyone else to remove the lens. 

Clearly the only answer is to prevent the 

possibility of such an occurrence. Contact 

lenses should be discouraged or prohibited in the 

school laboratory. Students should wear spec-

tacles for correction, covered by chemical 

goggles. If contact lenses are medically neces-

sary and corrective glasses cannot be substituted 

for them, it is recommended that a physician's 
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statement to this fact be required from the 

student/parent. In this case the wearer of 

contact lenses should be identified as a pre-

caution, should an accident occur. 
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LASER EYE PROTECTION 

Lasers are used in some school laboratories. 

Eye protection in their use depends more upon the 

energy, wall absorption, and proper procedures 

than upon absorptive lenses. Each laser wave 

length requires a particular color and density 

lens; hence, lenses must be properly matched to 

the source, otherwise little or no protection 

is afforded. 

Even with the correct lenses, one must 

never look directly into the beam. 
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EYEWASH FOUNTAINS 

If all protective measures fail and a 

student or teacher gets a corrosive chemical in 

the eye, an eyewash device should be available 

for immediate and thorough washing of the eye. 

An eyewash fountain is a permanently in­

stalled basin which has twin streams of water 

to gently wash the two eyes. The valve may be 

operated by hand or foot or by pushing a bar with 

the head. 

Another useful arrangement is a 5-foot 

length of 1/2-inch rubber hose with an aerated 

nozzle for washing. The victim can lie down 

and have another person hold the eye open while 

he washes it. 

At least one eyewash device should be in 

every science laboratory where chemicals are 

used. Speed is essential. With alkali splash 

th~ first 10-30 seconds are critical. 

Eyewash stations consisting of a wall 

holder or bracket and a bottle containing boric 

acid or a buffer solution are of doubtful value. 
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First, they contain too little liquid and, 

second, water alone is best. They are not recom-

mended. 
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EYE PROTECTION POLICY 

A clear, firm eye protection policy should 

be adopted by the school administration or by 

the Board. Enforcement must necessarily be the 

teacher's function. 

A basic tenet should be "approved eye 

protection must be worn at all times by anyone 

in the laboratory." If the plan is to wear it 

only when needed, the whole concept will break 

down. You can't get the goggles on while the 

splash is moving toward you. 

Some laboratories are used for both lecture 

and experiment. Wearing goggles during class 

period may seem burdensome and unnecessary, but 

failure to do so will inevitably lead to failure 

to use protection when it is needed. 

The policy should follow the state law and 

regulations or, in the 14 states not having a 

school eye protection act, the NSPB model law 

should give guidance. ANSI 287.1 should be fol­

lowed for selection and purchasing of eye pro­

tective equipment. 
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REFERENCES 

American National Standard for Occupational 
and Educational Eye and Face Protection, 
ANSI Z87.1-1968. 

Ohio Revised Code, Section 3313.643. 
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EXHIBIT 5-1. MODEL SCHOOL EYE SAFETY LAW 

The following text is offered as a guide in planning and preparing legisla­
tion to require state-wide eye safety for all students and teachers using 
or visiting school and college laboratory and shop facilities. Comparable 
protection for the eyesight of visitors to such educational areas is also 
advocated. 

An Act to enact legislation requiring all students and 

teachers to wear approved eye protective devices when participating 

in certain vocational, industrial arts, and chemical-physical lab-

oratory courses of -instruction. 

Be it enacted by the legislature of the State of ----------------

SECTION 1. Every student and teacher in schools, colleges, univer-

sities, or other educational institutions, participating in or 

observing any of the following courses of instruction: 

(A) Vocational, technical, industrial arts, chemical, or 

chemical-physical, involving exposure to: 

1. Hot molten metals, or other molten materials; 

2. Milling, sawing, turning, shaping, cutting, 

grinding, or stamping of any solid materials; 

3. Heat treatment, tempering, or kiln firing of 

any metal or other materials; 

4. Gas or electric arc welding, or other forms of 

welding processes; 

5. Repair or servicing of any vehicle; 

6. Caustic or explosive materials; 

(B) Chemical, physical, or combined chemical-physical labora-

tories involving caustic or explosive materials, hot liquids or 

Source: National Society for the Prevention of Blindness, Inc. 
79 Madison Avenue, New York, N. Y. 10016 
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solids, injurious radiations, or other hazards not enumerated; 

is required to wear appropriate industrial quality eye protec­

tive devices at all times while participating in or observing 

such courses of instruction. Such devices may be furnished for 

all students and teachers, purchased and sold at cost to students 

and teachers, or made available for a moderate rental fee, and 

shall be furnished for all visitors to such shops and labora­

tories. 

"Industrial quality eye protective devices," as used in 

this section, means devices meeting the standards of the 

American National Standard Practice for Occupational and 

Educational Eye and Face Protection, Z87.l-l968, and subsequent 

revisions thereof, approved by the American National Standards 

Institute, Inc. 

The State Commissioner or Superintendent of Public 

Instruction, or other appropriate educational authority shall 

prepare and circulate to each public and private educational 

institution in this State instructions and recommendations for 

implementing the eye safety provisions of this law. 
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1963 

1964 

1965 

1966 

1967 

1968 

1969 

1972 

1973 

1974 

1976 

EXHIBIT 5-2. *STATES WHICH HAVE ENACTED LAWS 
BASED UPON THE FOREGOING TEXT 

Ohio 

Maryland (amended 1965), Massachusetts 

Alabama, Arkansas, California, Florida, Illinois, Iowa, New 
Jersey, Oklahoma, Pennsylvania, South Carolina, Texas, Utah 

Delaware, Louisiana, New York, Rhode Island, Virginia 

Connecticut, Indiana, Kansas, Minnesota (effective 1/1/68), 
Tennessee, Wyoming 

Arizona 

Colorado, North Carolina, Washington (State), South Dakota 

Michigan 

Wisconsin 

Mississippi, Georgia 

Missouri 

Total: 36 States 

NOTE: The American National Standards Institute, Inc., has superseded 
the United States of America Standards Institute, Inc. 
(formerly the American Standards Association). All standards 
approved by the two latter organizations continue in effect 
under the American National Standards Institute designation. 

****************************** 

*The following states have issued regulations only: Maine, New Mexico 

5/77 
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SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

PROCEDURES FOR HANDLING CHEMICAL REAGENTS NO. 6 

METHODS Lecture and Discussion LENGTH 45 Minutes 

PURPOSE Emphasize techniques that minimize the probability 
of laboratory injuries. 

OBJECTIVES 

SPECIAL 
TERMS 

Enable the teacher to ... 

1) Identify proper techniques for the control 
of chemical hazards. 

2) Discuss the problems of using personal protective 
equipment in the school laboratory. 

3) Develop "ground rules" for laboratory work 
with chemicals. 

Chemical toxicity 
Dangerous reaction 
Dated receiving system 
Purchasing philosophy 

Respiratory protection 
Route of entry 
Time-sensitive reagent 

INSTRUCTOR 
MATERIALS Lesson Plan 

Slides 
Chalkboard, Chalk, Eraser 
Projector (35mm) and Screen 

TRAINEE 
MATERIALS Note-taking 
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INTRODUCTION 

Mishandling of chemical reagents has long 

been a problem in science laboratories of all 

types not only high school science laboratories. 

The literature describes many case histories 

of explosions, fires, poisonings, burns, and 

other bodily injuries caused by improper or 

careless handling of chemical reagents. 

Misuse of chemical reagents does not 

necessarily involve just problems occurring 

while the reagents are actually being used. 

Misuse can also consist of improper chemical 

reagent storage, improper recordkeeping, 

improper labeling, and improper purchasing and 

procurement programs. The proper handling of 

chemical reagents is a total program in itself 

and which is comprised of procurement, record-

keeping, storage, education, usage and disposal 

elements. 
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INVENTORY CONTROL PROCEDURES 

A school science laboratory should 

have readily available inventory records which 

cover the chemical reagents in stock, the 

existing instrumentation, and miscellaneous 

items such as glassware, fire extinguishers, 

and personal protective devices. Inventory 

records are essential for school laboratories 

because of the constant turnover of students 

and the frequent turnover of instructors. 

There is no legal requirement that the 

school or teacher keep records of this nature. 

However, these records can be extremely ad­

vantageous to the laboratory instructor and 

the school administration. 

Adequate written records allow inventory 

searches to be made rapidly. As the hazards 

presented by certain chemicals become recog­

nized, it may become necessary to remove the 

chemical compounds from school shelves. A 

case in point is the list of proscribed carcino­

gens developed by OSHA. Many school science 
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laboratories contained one or more of these 

compounds, and the instructors were, and in 

many cases still are, unaware of the potential 

hazards. As more compounds are placed on the 

proscribed list, more compounds will have to 

be removed from the shelves of high school 

science laboratories. 

A uniform, orderly system of recording 

purchase dates, receiving dates, quantities 

received, quantities used, and disposal date 

is necessary if the school and the instructor 

are to keep up with the ever-increasing flow 

of information on hazardous chemicals. As a 

Suspected carcinogens companion to the OSHA list of proscribed car-

cinogens, the National Institute for Occupationru 

Safety and Health (NIOSH) publishes a list of 

suspected carcinogens available through the 

Division of Technical Services, NIOSH, Cincin-

nati, Ohio 45226. These are chemical compounds 

or elements that are suspected of causing cancer 

in laboratory animals. The use of these com-

Christensen (1975) pounds should be restricted where possible. 
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Dated Receiving System 

All chemical reagents, upon receipt in the 

laboratory, should be immediately marked with 

Time-sensitive reagents the receiving date. The reason for dating the 

reagent is the time sensitivity of certain 

chemical reagents. Many chemical reagents are 

oxidized by atmospheric 02:)'gerl over a period of 

time. The effect of this can be minimal, i.E:., 

the reagent will not perform properly in a 

chemical test and a nel\' batch of reagent ,,?ill 

have to be acquired or prepared. An example 

of the minimal effect of time sensitivity is the 

oxidation of o-tolidine. Once oxidized, this 

material will not perform properly in color-

imetric procedures utilizing it as one of the 

color forming agents. 

On the other hand, some materials are 

Peroxides time sensitive in a dangerous fashion. Ethyl 

ether and dioxane, for example, form explosive 

peroxides after sitting for varying periods 

of time. These chemical compounds should be 

I disposed of before peroxides can form. An L __ . __ .. _____ . ____ --'_i_n_ventory control system would allow the routine 
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removal and disposal of time sensitive chemical 

compounds. Manufacturers or suppliers can sup­

ply specific information relating to these 

problems. 

Recordkeeping Detail 

The amount of time which an instructor can 

devote to maintaining chemical usage and in­

ventory records is limited. If the instructor 

wants to maintain a complete records system, he 

or she may have to devote considerable time to 

it. 

There should be a record for each chemical 

reagent which lists the date received, quanti­

ties withdrawn, when withdrawn and by whom, the 

date disposed of and the disposal method. 

Ideally, students could get involved in the 

record keeping system and remove much of the 

burden from the instructor's shoulders. 

Inventory records could be designed to con­

tain more information. They could list special 

precautions to take in handling the chemical, 

toxicity data, and safety data. Compiling these 
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types of info~mation might be prohibitive for 

the average science instructor, but it might 

serve as a useful project for one or more 

students. 

I 

I 
! 
! 
i 
! 
I 
I 
i 
i 
I 
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CHEMICAL STORAGE 

The storage of chemical reagents is a key 

element in a program of safe and proper 

chemical usage. Proper storage is an item 

frequently overlooked not only in school 

science laboratories, but in all science 

laboratories. The functions of chemical 

storage are three in number: 

(1) They provide security against un­

authorized removal of chemicals by students 

or others; 

(2) They protect the outside environment 

by restricting emissions from stored chemicals; 

(3) They protect the reagents from fire. 

An ideal chemical storage system will fulfill 

all three functions and require a minimal 

expenditure of funds. 

Satisfactory storage for chemical reagents 

in school science laboratories can be achieved 

with a specially constructed central storage 

room or with commercial flarr!!~:able storage 

cabinets. 
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PURCHASING PHILOSOPHIES 

Procurement programs generally have one 

fundamental rule: get the greatest quantity for 

the lowest possible price. Only occasionally 

are other factors considered important enough to 

override the "lowest possible price" rule. The 

purchase of chemical reagents is one area where 

the cost factor is frequently outweighed by 

safety and health considerations. 

Cost Versus Safety 

Chemical reagents can be purchased at a 

much lower cost per unit size in bulk quantities 

than in smaller quantities. Purchasing chemical 

reagents in bulk quantities may be a very poor 

practice if the rate l of usage of those particular 

reagents does not result in their consumption in 

a reasonable amount of time. 

From a safety standpoint, chemical reagents 

should be purchased in the smallest quantities 

possible consistent with the manner in which 

they are used. This holds for both flammable 

and non-flammable chemical reagents. For high 
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school science laboratories, a semester's 

supply of chemical reagents would constitute a 

satisfactory supply for most situations. 

-

6-11 



LESSON 

NOTES 

NO.6 

INSTRUCTION 

SOURCE OF INFORMATION ON POTENTIALLY 
DANGEROUS REACTIONS 

Frequently accidents occur in the science 

laboratory simply because neither the instructor 

nor the student knows or is able to anticipate 

the effects of a particular chemical combination. 

This is not an uncommon situation even among 

highly experienced chemists. 

One of the primary goals of agy school sci-

ence safety program should be to minimize the 

frequency and severity of accidents which result 

from a lack of knowledge. Data on chemical 

reactions and incompatible chemical compounds 

and elements has been collected in several pub li-

cations (Page 6-13). This information should 

be readily available to all high school science 

instructors and should be used by them whenever 

. necegs~y, so that \lodily injuries and property 

damage resulting from unexpected chemical 

reactions can be eliminated as much as possible. 

Exhibit 6-1 presents a partial list of 

chemical incompatibilities. This is not an all 

inclusive list. The references below should 
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be consulted in case of doubt about a particular 

reaction. 

The following publications are excellent 

sources of information on hazardous chemical 

reactions. 

National Fire Protection Association: 
Hazardous Chemicals Data 1975. NFPA 
No. 49:--N-ational Fire Protection 
Association, 470 Atlantic Avenue, 
Boston, Massachusetts 02210. (1975). 

National Fire Protection Association: 
Manual of Hazardous Chemical Reactions ----.------------.. -----------
1975. NFPA No. 49llL National Fire 
Protection Association, 470 Atlantic 
Avenue, Boston, Massachusetts 02210. 
(1975). 

Manufacturing Chemists Association: 
Guide for Safety in the Chemical 
Laboratory, 2ed. Van Nostrand Reinhold 
Company, New York, New York (1972). 

Steere, N.V. ed.: !!..~dbook of Laboratory 
Safety ~.~.. The Chemical Rubber Co., 
Cleveland, Ohio (1971). 

Stecher, D.G., Ed.: The Merck Index. 
Merck & Co. Inc., Rahway, N. J. (1968) . 

Meyer, E· Chemistry of Hazardous 
Mater!..~l_~. Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey (1977). 
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SOURCES OF INFORMATION ON CHEMICAL TOXICITY 

Safety Hazards in laboratories have been 

recognized for many years. On the other hand, 

the health hazards presented by many of the 

common chemical reagents found in high school 

science laboratories have been largely ignored. 

Many of the common laboratory reagents do 

present significant health hazards to students 

and instructors. For example, benzene has 

recently been tagged as a carcinogen. Trichloro­

ethylene, a common solvent, has also been 

designated as a potential carcinogen. Other 

common chemical reagents found in high school 

science laboratories are considered as safety 

hazards rather than health hazards. Carbon di­

sulfide is an excellent example of this. Warn­

ings covering the use of carbon disulfide stress 

its volatility and flammability. Carbon disul­

fide is a highly toxic chemical compound that 

can enter the body through the skin or through 

the respiratory tract. Carbon disulfide can 

damage the liver and kidneys and the central 

nervous system. 
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The following publications contain informa-

tion on the toxicities of chemical compounds. 

The proper interpretation of toxicity informa-

tion and data may require expertise that is 

beyond that ordinarily possessed by high school 

science instructors. In that case expert advice 

should be sought either through the appropriate 

state officials or through the National Institute 

for Occupational Safety and Health. 

Christiansen, H.E., ed., and T. Luginbyh1, 
ed.: Registry of Toxic Effects of Chemical 
Substances. U.S. Department of Health, 
Education and Welfare, Public Health 
Service, National Institute for Occupational 
Safety and Health. Rockville, Maryland 
20857 (June, 1975). 

Christensen, H.E. ed., and T. Luginbyh1, 
ed.: Suspected Carcinogens, A Subfi1e 
of the NIOSH Toxic Substances List. U.S. 
Department of Health, Education, and 
Welfare, Public Health Service, National 
Institute for Occupational Safety and 
Health. Rockville, Maryland 20857 
(June, 1975). 

Gafafer, W.M. ed.: Occupational Diseases, 
A Guide to their Recognition. U.S. 
Department of Health, Education, and 
Welfare, Public Health Service PHS Publi­
cation No. 1097. (1966). 

Stecher, P.G., ed.: The Merck Index. 
Eighth Ed. Merck & Co., Inc. Rahway, 
N.J. (1968). 
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Casarett, L.J., ed., and J. Doull, ed.: 
Toxicology, The Basic Sciences of 
Poisons. Macmillan Publishing Co., 
Inc. New York, New York (1975). 
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BASIC TOXICOLOGY - ROUTES OF ENTRY 

If the health hazards presented by chemical 

reagents found in high school science labora­

tories are going to be appreciated and under­

stood by those using the reagents, an under­

standing of some basic toxicological principles 

is necessary. 

A chemical health hazard can exhibit many 

different effects on the human body. Health 

Hazards can be classified as nuisances, irri­

tants, corrosives, anesthetics, allergens, 

carcinogens, mutagens, teratogens, toxins, or 

central nervous system depressants. These are 

not all the possible classifications, but are 

only a representative selection of possible 

classifications. 

Toxic agents can enter the body in three 

ways: (1) through the digestive tract; (2) 

through the respiratory tract; and (3) through 

the skin. The most common route of entry is 

through the respiratory tract. The other two 

are less common but still present serious 

problems. 
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Food should never be eaten in science 

laboratories because of the danger of acciden­

tally ingesting toxic chemical compounds. In­

dividuals do not ordinarily willingly ingest 

hazardous substances so this problem can be 

controlled by not allowing the consumption of 

food and drink in the laboratory. 

Another practice which should not be 

allowed in science laboratories is smoking. 

Aside from the obvious safety hazard presented 

by burning cigarettes and flammable liquids, 

cigarettes have been indicted in several indus­

trial poisoning incidents. Toxic materials can 

be transferred from dirty hands to cigarettes 

and then to the digestive tract. Since smoking 

must not be allowed in science laboratories the 

problem of ingestion should not arise in high 

school science laboratories. 

The absorption of chemical reagents through 

the skin can be a serious problem in science 

laboratories. Many chemical reagents, princi­

pally liquids but some solids as well, readily 

pass through the skin barrier into the blood­

stream. Compounds that are especially dangerous 
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because of their ability to penetrate the skin 

include methyl alcohol, butyl alcohol, methyl 

acrylate, perchloroethylene, tetraethyl lead, 

carbon disulfide, benzene, and nearly all 

pesticides. The list of proscribed contaminants 

published by the Occupational Safety and Health 

Administration of the U.S. Department of Labor 

(29 C.F.R. 1918.1000) designates a number of 

chemical compounds as skin absorption hazards. 

Skin absorption occurs when laboratory 

workers are careless with chemical reagents or 

deliberately misuse them. For example, organic 

solvents are commonly used for cleaning purposes 

in laboratories. During the cleaning operations, 

hands are often dipped into the solvent, and 

substantial quantities of solvent may be spilled 

on the hands and other parts of the body. 

The control of skin absorption as a route 

of entry is primarily a procedural matter in-

volving the use of proper personal protective 

equipment and common sense. Educating students 

in the proper handling of substances to eliminate! 

or reduce the skin absorption hazard is the best I 
technique for dealing with this ~p~r~o~b~l~e~m~. ________ ~l 
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Inhalation of toxic vapors, gases, or 

aerosols is the most common route of entry into 

the body for toxic materials. Vapors are 

readily found in every science laboratory. 

There is no practical way to eliminate them. A 

vapor is the gaseous phase of a substance that 

is a solid or liquid at normal temperature and 

pressure. Vapors can be reduced by carrying out 

experiments in functioning exhaust hoods and 

by ventilating chemical storage areas. 

Gases are substances whose normal state is 

a gas at standard temperature and pressure 

(250 C, 760 mmHg). The control of gases is 

accomplished with exhaust hoods and ventilated 

storage areas. Gases include some of the most 

toxic chemical compounds known. Phosgene, 

phosphine, vinyl chloride, hydrogen cyanide, 

chlorine, and hydrogen sulfide are all gases, 

and they are all hazardous. 

Aerosols present a very significant inhala­

tion hazard in the science laboratory. An 

aerosol is a dispersion of solid or liquid 

particles in air. Aerosols are produced by 

pouring or stirring liquids and by handling 
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powders or solid materials. Aerosols can also 

be controlled by exhaust hoods and ventilation 

systems. 

Even if adequate control equipment in the 

form of exhaust hoods and personal protective 

devices is available, proper procedural tech­

niques must be taught to the students. Students 

must be taught that caution and care in the 

laboratory are as much a part of any experi­

mental work as the chemical reagents. 

A typical procedural technique that s~udents 

must be taught is to use the proper regulator 

on compressed gas tanks. The use of the wrong 

regulator can result in corrosion of the regu­

lator and gas leakage. 
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SAFETY EQUIPMENT 

The use of safety equipment by students 

and instructors in high school science labora­

tories is an integral part of a laboratory safeq 

program. Safety equipment is a broad designa­

tion that includes exhaust hoods, personal pro­

tective devices such as respirators and safety 

eyeglasses, and fire extinguishers. Exhaust 

hoods and fire extinguishers are discussed in 

detail in other lesson modules. 

Eye and Face Protection 

Thirty-six states have enacted legislation 

which requires the wearing of protective eye 

wear or face shields by students working in 

high school science laboratories. Goggles 

serve to provide the wearer minimum protection 

against solid particles or liquid droplets which 

could enter the eye. Explosions, dropped glass­

ware, and other accidents can all serve as the 

source of flying particles. Industrial quality 

eye protection must be worn at all times by all 

people in the laboratory. It does not matter 
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that the wearer might be engaged in a relatively 

innocuous task; as slong as he is in the labora­

tory, he must wear appropriate eye protection. 

Contact lenses should not be worn in the 

science laboratory. If a corrosive liquid is 

splashed into the eye, it may become trapped 

behind the contact lens and do more damage than 

it would to an eye without the contact lens. 

Face shields are curved sheets of plastic 

which protect the entire face of the wearer. 

They are commonly worn when using concentrated 

acids and alkalies and when working with un­

known reactions. The face shields are worn 

only when necessary and serve as an added safe­

guard along with the safety glasses. The 

instructor must establish rules governing the 

use of face shields. 

There are various types of barrier shields 

which are generally constructed of plexiglass or 

polycarbonate plastics. The shields are movable, 

self-supporting devices which can be placed be­

tween the worker or student and the experiment 

he or she is working on. If an explosion or 

accident occurs. the worker's body and face are 
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protected. The hands may be the only vulnerable 

portion of the body when barrier shields are 

used. 

Respiratory Protection 

Generally respiratory protection is not 

needed in high school science laboratories ex-

cept in cases of accident. Because the p05si-

bility of a serious accident always exists in 

any laboratory, some type of respi~atory pro-

tection should be maintained on hand at all 

times. Respiratory protection is furnished to 

the user or wearer by a mask which performs one 

of more of the following functions - filters 

particles, removes vapors and gases by adsorp-

tion, and supplies air or oxygen. 

High school science laboratories can pro-

tect themselves with dual cartridge respirators 

which possess a mechanical filtering capacity 

and a limited adsorption capacity for gases and 

vapors. Self-contained respirators which de-

liver a regulated flow of clean air are ex-

tremely expensive and bulky. Their use is I 
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not practical in high school science labora­

tories. 

Body Protection 

There are a multitude of devices for 

protecting students and instructors against the 

corrosive or toxic effects of chemical reagents. 

One of the most common protective devices is the 

laboratory apron. Aprons should be worn by all 

students working in a laboratory especially when 

working with corrosive reagents. 

Gloves should be worn by students when 

working with corrosive reagents. Gloves have a 

tendency to reduce dexterity which may be a 

hazard in itself. Gloves are generally rubber 

or plastic. 

Because the laboratory is a relatively 

hazardous environment, instructors and students 

should make every effort to reduce the chances 

of accident or exposure. Long hair can be a 

serious hazard in a laboratory. Fire and re­

duced visibility are just two of the hazards 

that result from long hair. 
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Loose clothing is another potential safety 

hazard in the laboratory. Loose clothing is 

less controllable than tight-fitting clothing. 

Glassware can be knocked off benches, clothes 

can come into contact with open flame, and manum 

dexterity can be reduced. 
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LABORATORY RULES WHICH RELATE TO 
THE HANDLING OF CHEMICAL REAGENTS 

The following rules are typical examples 

of school laboratory safety and health rules 

which are found in school science textbooks 

and laboratory manuals. 

1. Do only the experiment authorized 

by the teacher. 

2. If acid or another corrosive material 

is spilled, wash it off immediately with water. 

3. Do not touch chemicals with your hands 

unless directed to do so. 

4. Do not taste chemicals unless directed 

to do so. 

5. Throw all solids and paper to be 

discarded into a waste jar or wastebasket. 

Never discard matches, filter paper, or any 

slightly soluble solids into the sink. 

6. Check the label on a reagent bottle 

CdreLU.LLj ue[ure remuving any of the contents. 

Read the label twice to make sure you have the 

right bottle. 

7. Never return unused chemicals to stock 

bottles. 
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8. Wear protective eye goggles and use a 

fume hood where necessary. 

9. Never point the open end of a test tube 

being heated at anyone. 

These rules demonstrate the care that 

must be taken when handling chemical reagents. 

These rules are not all inclusive. They are 

merely examples culled from a number of high 

school science textbooks. It is up to each 

individual teacher to elaborate on them to 

make them applicable to his or her own situation 
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EXHIBIT 6-1: EXAMPLES OF INCOMPATIBLE CHEMICALS 

Chemical Keep Out of Contact With: 

Acetic acid Chromic acid, nitric acid, hydroxyl compounds, 
glycol, perchloric acid, peroxides, perman­
ganates 

Alkaline metals, such 
as powdered aluminum 
or magnesium, sodium, 
potassium 

Ammonia, anhydrous 

Carbon, activated 

Chlorates 

Chromic acid 

Flammable liquids 

Hydrocarbons (butane, 
propane, benzene, gaso­
line, turpentine, etc. 

Hydrogen peroxide 

Mercury 

Nitric acid 
(concentrated) 

Potassium chlorate 

Sulfuric acid 

Water, carbon tetrachloride or other 
chlorinated hydrocarbon, carbon dioxide, 
the halogens 

Mercury (in manometers, for instance), chlorine, 
calcium hypochlorite, iodine, bromine, hydro­
fluoric acid (anhydrous) 

Calcium hypochlorite, ail-oxidizing agents 

Ammonium salts, acids, metals powders, sulfur, 
finely divided organic or combustible materials 

Acetic acid, naphthaline, camphor; glycerin, 
turpentine, alcohol, flammable liquids in 
general 

Ammonium nitrate, chromic acid, hydrogen peroxide, 
nitric acid, sodium peroxide, the halogens 

Fluorine, chlorine, bromine, chromic acid, 
sodium peroxide 

Copper, chromium, iron, most metals or their 
salts, alcohols, acetone, organic materials, 
aniline, nitromethane, flammable liquids, 
combustible materials 

Acetylene, fulminic acid, ammonia 

Acetic acid, aniline, chromic acid, hydrocyanic 
acid, hydrogen sulfide, flammable liquids, 
flammable gases 

Sulfuric and other acids 

Potassium chlorate, potassium perchlorate, 
potassium permanganate (or compounds with 
similar light metals, such as sodium, lithium) 
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SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

STORAGE AND DISPOSAL OF CHEMICALS REAGENTS NO. 7 

METHODS Lecture and Discussion LENGTH 30 Minutes 

PU R PO S E Present the basic principles of proper chemical 
storage and disposal. 

OBJECTIVES Enable the trainee to ••• 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

1) Name and describe the elements of a proper 
storage system. 

2) Compare and contrast good and poor storage 
disposal practices. 

3) Estimate the changes required in current facilities 
for chemical storage and disposal. 

Environmental control 
Explosion-proof refrigerator 
Fire code 
Inventory control 
Safety cabinet 

Lesson Plan 

Note-taking 
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.NOTES 

Three critical elements 

Fire protection 

Chemical exposure 
protection 

Security 

NO.7 

INSTRUCTION 

INTRODUCTION 

Inside central storage rooms for chemical 

reagents are desirable for educational institu-

tions. Inside storage rooms allow the use of an 

inventory control system and provide fire pro-

tection and security. There are three critical 

elements which must be dealt with when designing 

and constructing inside storage facilities. 

These are fire protection, chemical exposure 

protection, and protection against criminal acts. 

Fire protection is handled by using the 

proper materials of construction, providing for 

ventilation, and providing for a fire extinguish-

ing system. 

Chemical exposure protection can be handled 

by controlling the types of chemicals stored 

and providing for ventilation of the storage 

room. 

Security is handled by providing for a 

sturdy door with a good lock. 
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NFPA, Flammable Liquids, 
No. 30, Section 44 

NFPA storage provisions 

NO. 7 

INSTRUCTION 

MATERIALS OF CONSTRUCTION 

In most educational institutions, both 

flammable and non-flammable chemical reagents 

will be stored in the same storage area. There-

fore the storage area should be designed in such 

a manner that it effectively deals with the 

three key element of chemical storage discussed 

above. 

The National Fire Protection Association 

(NFPA) publishes standards which govern fire 

protection in educational institutions. The 

NFPA code states that the storage of flammable 

liquids shall be limited to that required for 

maintenance, demonstration, trea"tment, and 

laboratory work. The code establishes the 

following storage provisions for flammable 

liquids: 

(1) No container shall exceed a capacity 

of one gallon. 

(2) Not more than 10 gallons of flammable 

or combustible liquids shall be stored outside 

of a storage cabinet or storage room except in 

safety cans. 
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Storage room construction 
requirements 

NFPA, Flammable Liquids, 
No. 30, Section 43 

(3) Not more than 25 gallons of flammable 

or combustible liquids shall be stored in safety 

cans outside of a storage room or storage cabinet 

(4) Quantities of flammable and combustible 

liquids in excess of those set forth in this 

section shall be stored in an inside storage 

room or storage cabinet. 

For purposes of fire protection, when 

flammable liquids are stored, the NFPA code 

requires that: 

(1) The floor in the storage room be at 

least four inches lower than the floors of the 

surrounding rooms and corridors or that there be 

a four-inch high sill between the storage area 

and adjacent areas. 

(2) All doors be approved, self-closing 

fire doors. 

(3) The room be liquid-tight where the 

walls join the floors. 

The code also specifies that storage rooms 

with a maximum floor area of 150 square feet 

must have walls, floor, and ceiling with a fire 

resistive rating of at least one hour. Larger 

storerooms must have a fire-resistive rating of 
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NFPA, Laboratories Using 
Chemicals (1976) 

NO.7 

INSTRUCTION 

at least two hours. The quantities of flammable 

liquids stored are limited by the code to two 

gallons per square foot of floor area for 

storage rooms less than 150 square feet in area. 

If the storage room has a fire protection system, 

however, the quantity stored can be increased to 

five gallons per square foot. A fire protection 

system is a sprinkler system, a carbon dioxide 

foam system, or any similar automatic system that 

is acceptable to the local authorities. 

For storage areas with a floor area between 

150 and 500 square feet, the fire resistance of 

the walls, floor and ceilings must be at least 

two hours. For unprotected areas the allowable 

loading is limited to four gallons per square 

foot, and, for fire protected areas, it is 

limited to 10 gallons per square foot. 

The floors in storage rooms should be 

constructed out of material that possesses good 

cqemical resistance and is readily cleaned. 

All electrical outlets and equipment must be 

well grounded. 

If there are no special, central storage 
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areas for chemical storage, and flammable 

liquids are stored or used in a school science 

laboratory, the laboratory must be separated 

from non-laboratory areas by construction having 

not less than one hour fire resistance. 

Exhibit 7-1 presents the construction and fire 

protection requirements for laboratory units. 
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NO.7 

INSTRUCTION 

VENTILATION AND ENVIRONMENTAL CONTROL 

All inside storage rooms should be equipped 

with a gravity exhaust system or a mechanical 

exhaust system to remove hazardous vapors. The 

exhaust duct should be located near the floor 

level (one foot above). The supply air duct 

should be located on the opposite wall in a 

position which will minimize short-circuiting 

of the air flow pattern. 

The NFPA code requires that the exhaust 

system be capable of at least six changes of 

room air per hour. 

If flammable liquids with flash points 

below 3SoC (lOOoF) are stored, mechanical 

exhaust ventilation should be used. As a 

rule of thumb, the ventilation system should be 

capable of removing 10,000 cubic feet of air 

for every gallon of liquid vaporized. 

The room should be kept cool but not cold 

enough to freeze the reagents stored therein. 
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ARRANGEMENT OF REAGENTS 

Many science laboratories store reagents 

on the shelves in alphabetical order to facili­

tate retrieval of individual chemicals. Al­

though it is a convenient system for storage 

and retrieval, it may result in incompatible 

chemicals being stored close to one another. 

For example, strong, oxidizing materials should 

not be stored next to organic materials. 

Instructors must be aware of this possibility. 

Potentially hazardous chemicals should be seg­

regated from the less dangerous. This does 

not mean that they have to be stored in another 

room or cabinet. They can be stored on another 

shelf or on the other side of the room. 

Large containers should be stored on or 

near the floor. The higher shelves should not 

be higher than an average-sized person can com­

fortably reach while standing on the floor. 

Only smaller containers should be stored on the 

higher shelves. 
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Wooden cabinets 

NO.7 

INSTRUCTION 

USE OF COMMERCIAL STORAGE CABINETS 

Special cabinets are available for storing 

flammable and combustible liquids both in 

laboratories and in storerooms. These com-

mercial cabinets are double-walled, metal 

cabinets made of gauge sheet steel and 

equipped with a lock. 

According to the NFPA, these cabinets 

should be designed so that the internal tem-

perature does not exceed 32SoF when subjected 

to a ten-minute fire test using the standard 

time-temperature curve specified by NFPA. The 

code requires that the bottom, top, door, 

and sides of the cabinet be double-walled with 

at least a 1.S inch air space between the 

walls. 

The NFPA code also allows the use of 

wooden cabinets. Tests made by the Los Angeles 

Fire Department have shown properly constructed 

wooden cabinets to be at least as effective, 

and in many cases better, than the steel cabi-

nets. 
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The NFPA specifies that all wood cabinets 

used for the storage of flammable liquids be 

constructed of wood at least one inch thick. 

The Los Angeles Fire Department specifies that 

wood cabinets used for the storage of "danger­

ous" chemicals be constructed of wood at least 

two inches thick, and wood cabinets used for 

the storage of flammable chemicals be at least 

one inch thick. 

The NFPA code specifies that not more than 

6-0 gallons of f1annnable or 120 gallons of com­

bustible liquids may be stored in a storage 

cabinet. 

Storage cabinets provide a convenient 

method for storing flammable and toxic chemicals 

when a central storage facility is not avai1ab1a 

They are equipped with a lock and provide 

excellent security in school situations. They 

are also equipped with plumbing connections 

which facilitate the connection of the cabinets 

to a mechanical exhaust system. The cabinets 

should be exhausted to prevent the accumulation 

of toxic or explosive chemical vapors. One 
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manufacturer of flammable storage cabinets 

recommends that they be exhausted at a rate of 

20 cubic feet per minute (cfm). 
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POOR STORAGE PRACTICES 

Hood Storage of Reagents 

In most school science laboratories, the 

fume hoods are used for storing chemical reagents 

at least part of the time. This is a practice 

which should be discouraged. Most school fume 

hood systems are not designed to operate 24 hours 

a day, seven days a week. If hoods are going to 

be used for storage, they must operate continu­

ously or volatile, flammable chemicals cannot be 

stored in them. 

Other problems that occur when hoods are 

used for storage include the loss of labels due 

to the corrosive environment frequently found in 

hoods, the loss of space needed for 1aborator~ 

work because it has been devoted to storing 

reagents, and possible hazards from storing or 

using incompatible chemicals. Hoods also do not 

provide any security for chemical reagents. 

Storing chemical reagents in hoods should be done 

only on a temporary basis. It is not a recom­

mended practice. 
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Food in Refrigerators 

Food for human consumption should never be 

stored in refrigerators used for the storage 

of chemical reagents or biological materials. 

The chances of contaminating the food are too 

great to allow this practice. With all of the 

hazards existing in a high school science 

laboratory, there is no point in adding the 

danger of ingestion of toxic materials. 

Flammable Reagents in Standard Refrigerators 

Refrigerators are commonly found in 

biological and chemical science laboratories. 

They are used to store biological materials, 

volatile chemical reagents, and heat-sensitive 

chemical reagents. 

Refrigerators used in laboratories should 

be of the explosion-proof or explosion-safe 

design. Explosion-proof refrigerators can be 

used in dangerous atmospheres, all possible 

sources of ignition, both inside and out, are 

sealed. Explosion-safe refrigerators can be 
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used to store flammable materials, but cannot 

be used in hazardous atmospheres. 

Standard, household or commercial refrig­

erators should not be used in school science 

laboratories. Flammable liquids should never 

be stored in standard refrigerators. The light 

switches, the lights themselves, and the 

thermostat can serve as ignition sources in 

standard refrigerators. 
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RADIOACTIVE MATERIAL STORAGE 

The possession and use of radioactive 

material is regulated by law in all states. Edu­

cational institutions must take special care 

with radioactive materials. Radioactive materi­

als include some of the most hazardous materials 

on earth. There are two key elements in pro­

tecting users and the general public from the 

health hazards of radiation. These are security 

and shielding. 

Security is important because radioactive 

materials must be kept out of the wrong hands. 

Radioactive materials must alway~ be stored in 

locked cabinets, drawers, or boxes. 

The hazards of exposure to radiation are 

well-documented; it is not necessary to repeat 

them here. Each state as well as the federal 

government has regulations governing the ac­

quisition, possession, and use of radioactive 

materials. Each school must comply with the 

regulations of its own particular state. 
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DISPOSAL OF UNWANTED CHEMICALS 

One of the most important aspects of 

laboratory operation is disposing of waste 

chemicals. Toxic and hazardous wastes can be 

difficult to get rid of. They can also be very 

costly to get rid of. The disposal of hazardous 

chemicals is strictly regulated by law in most 

states. 

State Laws Governing Waste~Disposal 

The disposal of toxic and hazardous labora­

tory wastes is restricted by law in many states. 

Before an instructor orders his students to dump 

hazardous material into the sink and flush it 

down the drain or to pour hazardous or toxic 

material onto the ground, he or she had better 

check to see whether such actions will violate 

applicable state or municipal laws. 

Many states have laws which regulate the 

discharge of toxic and hazardous materials into 

sewerage systems and receiving waters and the 

atmosphere. It is impossible to review the 

regulations of all states: so a representative 
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number .wi11 be presented. 

Ohio Air Pollution Regulation AP-5-07 (G) 

(2) covers the emission of hydrocarbon materials 

in Ohio. It states that: 

"A person shall not discharge more than 40 

pounds of organic material into the atmos-

phere in anyone day, nor amore than 8 

pounds in anyone hour •••. unless such 

discharge had been reduced by at least 

85 per cent." 

Eight pounds may seem like a lot of material, 

but it represents approximately one gallon of 

waste solvent. It is very easy to accumulate 

one gallon of liquid hydrocarbon waste. 

The Rhode Island Organic Solvent Regulation 

(Regulation 15) states that: 

"A person ... shall not discharge into the 

atmosphere more than 40 pounds of organic 

material per day " 

These air pollution regulations are typical of 

hydrocarbon emission regulations promulgated by 

many of the states. If an instructor is thinking 

of handling the disposal of liquid organic 
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solvents by evaporation, he or she would do 

well to check the state and local regulations 

which control hydrocarbon disposal by this 

method. 

There are analogous regulations which goverr 

the disposal of toxic or hazardous wastes into 

water bodies. 

Section 21 A (2) of the Georgia Water 

Quality Control Act states that: 

"Any person who intentionally, negligently, 

or accidentally causes or permits any toxic, 

corrosive, acidic, caustic, or bacterial 

substance to be spilled, discharged, or 

deposited in the waters of the State 

in amounts or concentrations harmful to the 

public health shall be strictly liable 

in damages to the State " 

Illinois has both general and specific 

regulations governing discharges to sewerage 

systems. 

Part VII, Section 701 (a) of the Illinois 

Water Pollution Control Rules prohibits the 

discharge of "liquids, solids, or gases which 

by reason of their nature or quantity may cause 
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fire or explosion; or be injurious in any other 

way to sewers, treatment works structures; or 

cause a safety hazard to the personnel 

operating the treatment works ••.• " 

Section 702 of the Illinois rules states 

that no effluent to any public sewer system 

shall include mercury or any of its compounds 

in excess of 0.0005 milligrams per liter as 

mercury at any time. 

Section 703 of the Illinois rules states 

that no waste to any public sewer system shall 

contain cyanide in excess of 0.025 milligrams 

per liter at any time. 

Massachusetts has a regulation (Hazardous 

Waste Regulation 5.5) which requires that 

hazardous chemical, biological, and radioactive 

wastes be consolidated for recovery or detoxified 

or otherwise pretreated to make them suitable for 

conventional waste treatment. 

Not only state laws must be considered 

before disposing of hazardous chemicals but also 

county, municipal and waste disposal district 

regulations. The local regulations may be much 
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more restrictive than the state regulations. 

It is the instructor's duty to research the 

applicable laws and regulations that pertain 

to his or her school district. 

Disposal Choices 

School science teachers have two basic 

disposal pathways open to them. They can handle 

the disposal themselves or they can pay a 

commercial disposal service to handle it for 

them. The first approach is time consuming and 

the second is usually relatively expensive. 

The disposal of waste or outdated chemicals 

can be a valuable educational experience for 

instructors and students alike. Formal 

instruction in the disposal of waste chemicals 

should be a fundamental part of every experi­

mental lesson. 

If a Hchool has an extremely large quantity 

of chemical reagents that must be disposed of, a 

commercial dispmwl service may he the answer. 

However before a commercial servlce Is con­

tracted for, their ah III ties and background 
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should be investigated as much as possible. 

Many commercial disposal services have been dis­

credited because they collect waste chemicals 

and dispose of them by dumping them into the 

local sewerage system or landfill without any 

pretreatment. 

Disposal Techniques-Toxic and Hazardous Chemicals 

The availability of information on disposal 

techniques for laboratory chemical reagents is 

limited. The best information available in this 

area is the disposal scheme developed by the 

Manufacturing Chemists Association and published 

in Laboratory Waste Disposal Manual. (See 

Basic References in Appendix B.) 
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EXHIBIT 7-2: CONCENTRATION IN AIR AND WATER ABOVE NATURAL BACKGROUND 

lo:l=ent (atomic numot'f) Isotopo I 

Actlnhun (~g} ••••••••••••••••••••• Ac 2'27 

Ac228 

AmericIum (95)................... Am 241 

Am24Zm 

Am 242 

Am 243 

Am2!" 
... ntl"'''''y .••••••••••••.••••••..•• , C:;b 122 

I So 124 

5b 125 

Argon (18)......................... A ~7 
.A 41 

"'rsc~lc \33} •••• -•••••••••••••••••• As 73 

As 74 

As iG 

As77 

A~tnt!np. (~5) .......................... t 211 

Barlu:n (50}....................... Ba 1:;1 

BaHO 

Eerkellum (Q7). ••••••••••••••••••• n:. 21(1 

Bk2W 

Berylllm'!l (4) ••••••• _ ••••• _ •••••••• Bo 7 

DIsruuth (83) ••• _.................. Bi 206 

BI207 

BI210 

BI212 

Bromine (35) ••• __ ••••••••••••• _.. Br 82 

CadmIum (48) ••••••••• _ •••••••• _.. Cd 10? 

Cd llSm 

Cd 116 

CalcIum (:lO) •••• _._ •••••••••••• - Ca 45 

Ca47 

Csuromlum (OSl................... C! 240 

CI250 

CI261 

Of2U2 

Cr2~ 

01254 

S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
J 
S 
I 
S 
I 
S 
I 
S 
I 
SLIb' 
Sub 
S 
I 
S 
I 
S 
I 
S 
1 
S 
1 
5 
I 
S 
1 
5 
I 
S 
I 
S 
I 
S 
1 
S 
I 
S 
I 
S 
1 
8 
I 
S 
I 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 

Table I 

CoiU!l"_'ll Co!umn 2 

Air 
v.e/ml) 

'''":'ter 
("ciml) 

2XIO-U 6XIO-' 
3XlO·" tXIJ-' 
8X\.)·s ;JXh)-' 
2XIo-; 3XHr' I 
&XW-l! IXlil-1 

IXIO-" SXII)-' 
6:<1'1-1' 1 XIO-I 
3>(1\)-" 3XIo-l 
4XI(,-' 'XI~' 
5XI0-' 4)110-' 
5XD-" I IXIo-I 
IXlo- l • flXio- l 

4Xlu-' lX10-1 
::X!()-l IX;:}-I 
?)(Io-I I ,,',(1,;-1 
lXHH $XIo-l I 
2XHt-T 7:< \0-1 I 
2XIO-! 7XIO--< I 
5XW-I 3XIO-' 
3XIl\·1 3XIO-' 
6XIo-' ___ ••••. ___ •• 

~~:~: 1······ixio:i·1 
4XIO-I IXIO-' 
.... ;..... .. """'0-1 i 
iXiirl I 1xitr' <>:,.;-1 l:XII:-I 
IXlo-' fXIU' 1 

SXl,,,-7 2>~lO-1 
4XlO-' ~XIQ-' 
7X!l.H 5Xlv-' 
3XIo-' 2XIo-' 
IX\(\" [,XII)-' 
n:!Il-' 5Xlll-1 
IXlv-: 8X[{r l 

4XIlI-' iXIo-I 
9XIO-" ~X'lJ-' 
IXIIH ::!X!o-' 
lXJI)-' (;Xlo-' 
lXIC-' GXIO-: 
6X I'.r' :'XIO-' 
I X 10" [.XIO-' 
2XW-' lXlo-' 
lXPr' lxaH 
2XIo-' 2XIO·1 
IXllr' :?XU)-' 
6XiO-' lXlo-; 
6XI'r' lXI(r-' 
1;(lv" IXlo-' 
:?XIo-' IXIO-' 
IXII)-' SXIIJ-' 
:?XIO-' IXI'}-' 
~XIO" 5XI("" 
7XI0" 5XI0-> 
4XIo-' 7XIO" 
~XIO" 7XIO-I 
2XIO-: lXIO'" 
::!XIO-' lXlo-' 
3Xli;-. 3XIo-I 
IXIo-' 5XIo-' 
~XI!)-' lXlo-' 
~X10·I IXlo-' 
2XIo-" IXIlr l 

IXIlJ-1' iXI(l-1 
5XIO-:I {XII)-' 
IXIIJ-I> iXIo-' 
2Xl.)-" IXIo-I 
IX!,r l ' SXIo-I 
\')O~hl-f: ::'X 10-' 
;'>;fII- tl 2XI&-· 
IOXllr" ~XIO" 
S'<1'.rl'· 4XIO-' 
[>Xllrt: 4XHr' 
5XIJ-lt 4XIo-' 

7-25 

Tnhl~ II 

CO!tllf'.D 1 

_\ir 
v.cj,al) 

SXlo-li 
!lXiQ-1l 
3>~lO-o 
~A1G-!:J 
2X!O-11 
~X!O-D 
2>'~1I.·-I­
~XI;r" 
1)0('-' 

~>:Iil" I '"').:",.'.-n 

Co1t:l:1n 2 

'Vn~~r 
(pc nUl 

2XH"-' 
~X\!l-' 
!iVlu" 
9)(10-' 
4Xl~~! 
~(i<. !:;-. 
,t~,\1!J-f 

('Y.I~-· 
1;(10-' 
IXlll-I 
4XIO-! 
3XII)-' 
5XH,., 
!'IXlt!-' 
:1"-111-1 
;J}(Hr' 
ZX1Q-1 
:L<Hl-t 
IVJI.-: 
lXi;J-' 

4)<.1('-" 

IXj()·' I 
I>:-:;C-' 
fi)<,IO-' 
5XIO-' 
~Xll'-' 
iXlo-to 
2X\l)-' 
9XIO-I' 
IXIJ-' 
4>~)O-.\ 
;XIO-I 
IXIO-' 
!Xil1-1 

~XI!'-' 
4>-:t~!-t 
:.;)() 1)-' 
:!X 1l1-! 
lXI(l-' 
:?xln-Jc.1 
IXIJ-' I 
4XJ~-1: 

I:::::~:~~;~~I~; 
::XIO-I 

IXI/ .... I 
';XI(;-' I 
IX:o-' 
3Xlo-11 

4XI(1-< I 
5XI<1"" 
4Xlll-I 
2XHrl . 
4XIO-! I 
6XIO-I I 
SXln-~ 

6Xllr' 
5>~tl.i-J'1 
ZX1&-lo 
2XIO-I' 
~X)f)-' 
7XI('-' 
4XI0-' 
(j)(IO-' 
~XIU-I 
3Xltl-· 
IXIQ-' 
IXIO-' 
S>:Hr' 
GXllr' 
]>~H:"-" 
4XI:)-' 
6XIo-' 
CX)I_,\-' 
5XJl.r Jl 

3XIO-" 
2>:10-1> 
3XI(l-I1 
6XI(.~" 

~;::,IIl-" 
... ~'Il)-JJ 
1>:(1)-" 
3XII}-" 
~'XIC-Il 
:!Xlt)-l.J 
:!XllrU 

[·xu:-' 
~>~I"': 
~XHI-.t 

';Xl',-' 
~XI(l-' 
~XI'J-' 
;XJt)-t 
,XIII-I 
:!>:1IJ-1 
:~Xl'.l-I 
~XH}-e 
GXh)-+ 
6XI()-1 
2XI,)-1 
~Xfti-t 

:!Xll)-' 
::XII," 
",Vl"-I 

4XI~'-' 
f>Xln-' 
tiXIlH 
·IXItI·· 
4XIlr' 
4XIo-I 
~XI(l-' 
:lXHrl 
4X"'''' 
2Xl n .... 
:!Xi~-a 
3XIU'1 
3Xlli-' 
:IX 10-' 
4Xllr' 
IiXllr' 
2Xla-1 

~;<IlI-1 
3XIII-1 
4XI',.1 
~XIIl-: 

IXI,,.· 
:lXIII'" 
4XIG-' 
3XI()-' 
i >~ :tl-~ 
:X W-. 
t>:HI·· 
IXIO·' 
IX!,..-r 
1XIO" 



EXHIBIT 7-2: CONTINUED 

Elem~nt (atomIc number) Isotope I 

Cnrbon (6) ________________________ 
CJ4 S 
(CO,,- Sub Cerium (58) __________ • __ ••••• _ •••• Ce HI S 

1 
Co 143 S 

1 
Ce 144 S 

I 
Cesium (55) •••• _ •••••••••••••••••• Cs131 S 

I 
Cs 134m S 

I 
Cs 134 S 

I 
Cs 135 S 

I 
Cs 13G S 

I 
Cs 137 S 

I 
Chlorine (17)._ •••••••••••••••••••• et36 S 

I 
et3q S 

Chromium (24) •••••••••••••••••••• Cr51 
I 
8 

Cobnlt (27} ••••••••••••••••••••••• : Co 57 
[ 
$ 
I 

CoS8m S 
I 

Co 58 S 
I 

C060 S 

Copper (29) ••• __ • __ ••••••••••••••• CuM 
I 
S 

Curium (96) •• _ •••• _ •••••••••••• _. CrnU2 
I 
S 
I 

Cm243 S 
I 

Om 244 S 
I 

Cm24S S 
I 

Cm246 S 
I 

Cm247 S 
I 

Cm248 S 
I 

Cm249 S 

D,sproslum (68) •••••••••• _ ••••••• Dy165 
I 
8 
I 

Dyl66 S 
I 

El1Utelolum (99) •••••••••••••••••• Es253 8 
I 

Es254m 8 
I 

Es254 8 
I 

Es255 8 

Erbium (68) •• _ •••• _ ••••••••••• _ •• Er 169 
1 
8 
I 

Er 171 8 
I 

Europ:ulII (63) __ ••••••••••••••• .1 Eu 152 S . I (T,':!-9.!! hn) I 
Eu 1:r.! S 
(Ttl-J3T1's) 1 
Eu l~' .5 

I 
Eu I» $ 

Flfo:olll(loo) •••• _ •••••••••••••• Fro 254 

Fm2M 

Fm256 . 
Iluorlne (9). •••••••••••••••••••••• }- 18 

OlldolL'1!UaI (6t) __ •••••••••••••• 0.1153 

ad 159 

OaUluTII {:(1)._ ••••••••••••••••••• 0.72 

Oerm30luIQ (.m •• _............... Ge 71 

Oold (;1'; •••••••••••••••••••• _ ••••• Au 19& 

Au 193 

."Ill~ 

I 
S 
I 
S 
1 
S 
I 
tl 
I 
S 
I 
S 
I' 
S , 
rl 
I 
S 
I 
S 
I 
S 

7-26 

Tnhl"r 

Column 1 

AIr 
(pc/ml) 

4XI()-' 
5XlO-' 
4XI()-' 
2XIo-' 
3XIO'-' 
2XII}-' 
lXlo-' 
6XI()-' 
IXI()-' 
3Xl0'" 
4XI()-1 
6Xlo-e 
4XIQ-1 
lXI()-1 
5XI()-' 
IIXIO-I 
4XI()-' 
2XI()-1 
6Xl0-' 
lXIO-1 
4XIO-' 
2XI()-1 
3XI()-I 
2XI()-' 
IX[I)-I 
2XI0-' 
3XI()-I 
2XI()-' 
2XIO-' 
IIXI()-' 
SX1()-' 
6XI()-' 
3Xl()-' 
9XIo-' 
2XI()-' 
IXI()-' 
lXI()-IO 
2XIO-I' 
6Xl()-u 
lXlo-IO 
~XI()-'7 
lXl0-1O 

5Xl()-" 
lXI()-IO 
5Xl()-12 
) Xl()-IO 
5Xl()-1l 
lXl()-'o 
6XI()-1l 
lXI()-lI 
1><'11)-' 
lXIO-' 
3X10-' 
2Xl()-' 
2XIv-1 
2Xl()-' 
SX1()-'o 
6XI()-1O 
5Xl()-' 
6XI()-' 
2Xl()-1I 
IX;()-IO 
SXI()-" 
4Xl()-1O 
6XIo-I 
4Xl()-1 
7XI()-1 
6XI()-1 
4XIo-' I 
3;-'00-' 
1 Xl()-' 
!!XI()-' 
~XIo-l 
iXI()-' 
9XI(>-1 
iXIll- 1 

(;XIO·I I 7XI()-' 
2XI0·' 
lXlcl-' 
:lXI(>-1 

:1XIo-' I 
~XIQ-' 
3XI()-' . 
2X10·1 
IIXIO·' 
~XlO-I 
4XW" 
:1XlO-1 
2XIO·1 
IXl!)·· 
f'XlO·' 
IXIO-' 
6Xl0-1 

3XIO·
' 2XICl-1 

lXlo-' 

Column 2 

'\Yntrr 
(pc/ml) 

2XI()-' 

------;ixiiri-
3X}!}-' 
IX10-1 

IX1()-: 
3Xl ir' 
3XIO-' 
iXl0-' 
3XI,,.: 
2XI()-1 
3X"'-' 
3XII)-' 
lXIO-' 
3XIO-' 
iXIO-1 
2XI()-' 
2XI()-' 
4XHr' 
I X I()-' 
2XIQ-' 
2Xl0-' 
lXI()-1 
lXIO-: 
5XIo-' 
~>:I()-' 
2XIll-' 
IX"'" 
8XI()-' 
6X1C-' 
4XIO-l 
3XIo-: 
IXIO-I 
lXI()-l 
lXlo-' 
6Xlu-' 
'XIO·' 
7XJ()-1 
lXlo-' 
7XiG-' 
O'\v1n-t 

8xiQ-' 
IXIO-' 
SXlO·' 
IXIO-I 
8XlO·' 
1 X 10-' 
GXlO-' 
lXlo-' 
4XIo-' 
6Xlo-' 
6XlO-: 
lXl()-' 
lXI()-' 
IXI()-' 
IX1()-' 
7XIQ-' 
7XIo-' 
5XIQ-' 
5Xl()-1 
4XI()-1 
4XI()-' 
8Xl()-' 
8X!()-I 
3XIo-' 
3Xl()-' 
3XI()-' 
3Xl()-' 

Tabloll 

Column 1 Column 2 

Air l\'&ter 
(pc/ml) (PC/I::!) 

lXI()-1 8Xl()-1 
IXI()-' -------iixiO:'i 2X1Q-1 
5XIf.-· 
pxw-' 
7XII}-' 
3XI()-IO 
2XI()-IO 
4X;()-' 
IXIO-I 
lXI()-$ 
2XIQ-1 
lXlo-' 
4XH:-IO 
2Xl0·1 

3XIO-' 
IX10- 1 

6>:10-' 
2XIO·' 
5XIO-IO 
lX10·1 
SXHi·t6 
IIX1()-' 
7X!O-' 
4Xl0-' 
!lXIO-' 
IXIO-' 
6XIo-' 
6XIO·' 
3XI0-' 
3Xl0-J 

2XlO·' 
IXI()-' 
3XIo-" 
7X107! I 
4XI()-1 
4XlO-" 
6XIQ-1l 
2XIO-ll 
3XIV-" 
3Xlfr" 
3XIo-12 
2XI()-U 
4Xl()-U 
2XIG-" 
4Xlr.-12 

2Xli1- Il 
4XI()-I! 
2Xlo-" 
4XIQ-lS 
'C~~':'-7 
4 X 10-' 
9XlO-' 
iXI()-' 
8Xlo-' 
iXl()-' 
3XI()-1I 
2XI()-1I 
2Xl()-1O 
2XI()-I' 
6XI()-1l 
4Xl()-" 
2XI()-1I 
I XI()-" 
2XI()-' 
lXlo-' 
2Xll)-' 
2XII)-' 
IX10-'/ 
IXlo-' 
4 XIo-" I 
GXI()-IO 
IXlo-" 
~XIo-" 
3XI()-' 
3Xl0-' 
2X10-' 
ZXI()-' 
IiXlo-IO 
4XIO·'· 
IX1()-IO 
6XIo-n 
2XI()-' 
9XIO·' 
I>X:O-' 
3xio-' 
2Xl0·

' 1 XIII·' 
~Xl()-' 
6)(1<)-' 
4Xl)-' 
:Xhl-' 
4XI()-1 I ZXltJ-' 
IXIO" 
I-Xl,I-' 
4Xl'[' 

9XIQ-' 
4;<I()-t 
4XIo-t 
IXIo-' 
IXIO-t 
2XIO-I 
9XIo-I 
6XIO·' 
IXIQ-' 
~XIO-' 
4XII}-' 
I):!O-I 
2XI()-' 
9XIQ-' 
6XI()-' 
2Xl0-' 
4 Xl()-' 
SXIQ-' 
6XIO-1 
4XI()-1 
4Xlfr' 
2XI()-' 
2XI()-' 
~XIV-' 
4XIO-' 
3XHl·l 
2XIO-' 
IXIO-' 
OXlfr' 
5XI()-' 
3XIO-' 
3XIO-' 
2Xl0·1 
2XIO-' 
:!XJO-J 
5Xl0-' 
2XI0-' 
iXIQ-' 
~Xl\)-' 
(XI!)·' 
3XI()-' 
4XIO-' 
3Xl()-' 
4XI()-' 
2XIO·' 
4 Xl()-7 
lXIQ-' 
2~1~' 
2X1Q-I 
4XI()-1 
4XIO-1 
4XI()-' 
4XIo-' 
2Xln-' 
2XIQ-' 
~XIO-' 
2XIO-' 
IXI()-' 
1X1Q-' 
3XIO·' 
3XI0-' 
9X10·· 
9XIO·· 
IXIO-I 
lXIO·· 
6XIo-' 
6Xl()-' 
tiXl()-' 
J;Xl()-' 
2XI()-' 
2XI()-' 
~Xlo-I 
2XI0·· 
lXl()-1 
lXl()-1 
3Xlo-' 
3XIO·· 
11)(10-' 
'.IX I ()-I 
SXIC-I 
5Xl0-1 

2Xl0" 
2Xl()-' 
I'XIO·' 
3XI()-' 
4Xl()-' 
4XI0·· 
2XHl-' 
zxtO" 
2XIO·· 
D<lIl·· 
~XIC-' 
5XlO-' 
2Xl()-' 



EXHIBIT 7-2: CONTINUED 

Table I I Table II 

Element (atomIc number) Isotope I Column 1 Column 2 Column 1 Column 2 

Air Wnter I .~lr Wht~r 
(,.e/ml) (,.c/mJ) (,.c/rnl) (,:.c/ruI) 

J 
-----

l1a!r.!um (;.2) ______________________ bXlo-' I 4>:lv" :IXUr' :lXll .... ' 
III l!ll :; 4XIo-' ~Xlo-' lX!(r' 1)<'10-' 

1 iXlt:-' :::-:\0-' ~Xllj-' iXI/)"' IIo!r:l;nm (~i) ____________________ 
.lIo 100 8 ~Xl!r' ~'XHr-' i:,<lO-1 :\ >! Hr-' 

1 ~XIU-~ 9XI(,-· (·XI/)"' :;XI/)"' 1I 1d f':>;:CD (1) ____________________ il3 S SXII)-4 1:-<:10-' :;XW-1 ZX:/)"r 
J ~XIC-! lXlii-' ~"X!o-: 3X!?""· 

lLdium «(~) ______________________ 
In 113m fllb I 2XIo-' r .-----_._.--- ~9;t: I------Txit>=i t--Xh,·t 4XI"" 

7XI....... ~)(:o-' 2XIO~ lXI~1 
Inllfm -.; IXll'-' ~XI~ 4Xlr,-'1 ~XI/)"' 

I ~XJl'" ·~XI·,., 7:<1(>-1' 2X10-' "'- .. ~- I ~)(!,'-I I IXII,., 

Iodl:J~ (53) ______________________ ...J ~:;i~"-· 
" :»:!?-~ 4XHr' 
I ~XI';""I JXllr I \J .. , • .1 "VII~' 

S 2XI~-1 :lXJlj-l !l>;Ht-1 I ~xio-I 
1 3XIC .... 3Xl:P 1 1":1.'-' ~X"'-· 
S !>XhH 1XI''''1 1<)(10-11 1 :!XI~' 
1 ~Xll~; . t:X:JJ 6YIO--" ~Xl':r' 

J 116 S ~XIo-' I 5XI'.)-) ~X!J"'1I1 :::XHl-J 
I 3XIo-' :IXI''''' I IXlo-' ~'XI;'" 

1119 :; :?XW-' IX;!;) ZXHr" I iXIJ-' 
1 ;XIO-' 6X;I'" :?Xhr-' 2XI(.-' 

J 131 .8 9XIO'" 6X!' .... • IX\')-" :~XHr: 
I :IX II."": ~X~~4 I X 1(1-' I:XF,-1 

1 J32 S ~)(!(l-r :!Xlfj-l :~;<Jt.r"' SXIO"I 
I 9Xlil-' !'.~X!It-) ;,;<10)-' 2XIo-' 

1113 5 :lXI[~' 2Xl'j-' ,XIl'-" IX1(}-' 
J :.!XIU-' I):lr' ;XIO-' I 4XJ')"' 

ll~ S :lXI~: 4XIlr-> I.X\'1" \ :lXlij-1 
i ;'XIO'" 2XI.'-: lX1'l"; 6Xlj-' I ! ::;5 :; IXlo-' iXII .... • J)(Je'" ~XHI-' 
1 4Xlij-' 2Y.1I'" I lXlv"! I 7XH .... • hld,II'" t;;. ________ .. ______________ Ir I\'J S IX;C- I C;XIJ" 4>:W .. 1 2XIo-' 

I II I"~ 1 4XICt-' 5X ~It-l IXI:}-' 2Xl(}-' 
S IXJ!r' !Xl''-' ! 4XII .... ! 4X10-. 

I 1 3X!"-" I Xll'" I !lXIO"" iX:~' 
i I: IG~ 5 ~XIII-' I IXh .... • • 5>00-' i 3Xh,.. 

I 2XIO-' OXio)-· ~XHt .. • 3XIo-, 
Ircr. (:6) ________________________ 1 Fe M S 9XIo-' 2X10-' 3X10"' 8XIO"' 

h:'9 
I lXIO"' 7XI/)"' 3XICt-' 2X10-' 
S lXI(}-' 2X10-' 6Xltr' 6XIo-' 
1 5Xl/)"' 2XiCri ::~~IC·t ~>:Hr' Krypton' (36) __________________ .. __ Kr85m Sub 6Xlo-t -----......... --_ ....... lXlo-' -- ...... ----------

Kr$!; Sub lXlo-t -----...... __ ....... - 3XIo-' -_ .... - ......... _--....". 
Kr87 Sub lXI()-I ... ---- .. -- ... ----- 2Xl/)"' ... _-------" .. ----
KrSS Sub IXI()-I -- ----7xiii='- 2XIO-' -------~XiO:i LIlothanum (57) ... __________________ LllHO s 2XIo-' 5XIo-' 

I lXlo-' 7XIO"' 4XIo-' 2XIo-' Lead (s:l) __________________________ 
Pb203 S 3X 1 ()-I lXIO-' IiXlo-' 4Xlo-t 

1 2X I ()-I IXlo-' 6XIo-' ~XIO-< 

Pb210 8 IXIo-'· 4Xl()-l 4XIo-" lXlo-' 
1 2XIO"'· 5XI/)"' 8XI(}-J1 2X1..,.-. 

Pb212 S 2Xto-' tlXlo-' oXI/)"" 2XI(}-' 
1 2XIo-' :IX I 0"' 7XIo-II 2XIo-' 

Lutetium (71) • ___________ .. ________ Lu 177 S 6XlO-' 3XIO-' 2XlO-' I X I ()-I 
1 !IX 10-' 3XIo-l 2XIo-' I XI()-I 

Manganesa (25) __________________ ._ Mn52 S 2XIo-' IXlo-' 7XIo-' 3XIo-' 
1 IXIo-' OXlo-' :IX I""'" 3Xl()-1 

MnM S 4XIo-' 4Xltr' lXlf~' lXl()-1 
1 4XIO"' 3XIO"' lXI()-I lXIO"' 

MnM S .8XIo-' 4XIo-' 3XlO-' IX I ()-I 
1 5XIo-' 3XIo-' 2X10-' lX10"' 

Mercury (80) ________________ .. ___ Irg197m S 7XI(}-' IiXHt-' 3XIo-' 2X10-' 
I 8X10-' :IX I Q-I 3XI0-1 2X10"' 

JIg 197 S IXIO .... 9Xltr4 4X10-' 3X I 0"' 
1 3Xlo-t IXIO-: 9XIO-' 5XIO"' 

IIg203 S iXIo-l 6XIo-' 2XIO" 2Xllr' 
I IXlo-' 3XIO"' 4X10-' IXltr' 

Molybdenum (t2) ________________ .1I[0\l9 S 7XIo-' IIXlo-' 3XIo-' 2XIO"' 
1 2Xllr' Ixr/)"' 7X10-' 4XIIr' 

NeodymIum (60) __________________ .NdU4 S 8XI(}-1I 2XIQ-I 3X10-" 7Xlrrl 

I 3XIo-l' 2XI(t-' lXIO-1I SXI/)"' 
NdU7 S 4Xlrr' 2XIo-' lXlo-' tiXliTl 

I 2XIo-' 2XI/)"1 8XIo-' 6XIO-' 
NdH9 S 2Xlo-t 8XIO-' 6XI/)"' 3XIo-' 

I lXItl-4 8Xllr' 6Xllrl- 3XIO"' 
Neptunium (9;I} _______________ .. __ Np237 S 4XIo-" 9XIo-' lXlo-" 3XIO-< 

1 IXlo-lt 9XIo-' 4Xlo-J: 3XlO-' 
Np239 S 8XIl)-' 4XI/)"' 3XIO-' IXlo-' 

1 iXlo-' 4XIo-' 2XIo-' I XI/)"I 
Nickel (2S) ___________ .. ___________ 

NI59 S :lXlo-' 6XIo-' ::XIl)-1 ::Xlo-t 
1 8XIo-: 6Xllr' 3XIo-" 2XIIr' 

NJ63 S 6xm-1 8Xltr' 2XIo-' 3XI/)"' 
1 3XIo-' 2XIo-' IXlo-' 7XIo-' 

NI65 S. DXIo-' 4XIQ-l 3Xlo-t IXIO"' 
1 5XIlt-l 3XIo-' 2XIo-I lXII}-f 

Niobium (Columbium) (U) ____ .. __ N'bD3m S IXIO-' IXlo-' jXliT' 4XI/)"' 
I :!XI(}-1 IXlo-' :'X I 0-' 4XIO"' 

NbD:' S 6XIlt-' 3XI/)"' 2XIC-' lXIl)-' 
1 lXlo-' 3Xllt-' 3X10-' IXltrl 

Nb07 S GXl(."'" 3XI ...... ' 2Xl(}-' DXlo-' 
1 6XIlt-' JXll .... • :!Xltr' QXIIt-1 

Oswlum (76) ____________ .. _ ...... _ .. _ 0,18$ :; ~x1l1"" 2XIl,., 2XIo-' 7Xllr' 
1 6XIo-' 2X11)-. 2XIC-' 7XI/)"' 

0510110 8 ::Xltr' iXlo-' ~Xltr' 3Xltr' 
I . OXI'}-' 7XH)-' 3Xllr' 2XI()-1 
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EXHIBIT 7-2: CONTINUED 

Table I TaLlo II 
-------

}:Iemont (I>tomk narr.l)(r) J~olO;}f! I Cohunn 1 Coiurw12 Cc...!uIlJn 1 C:'Ju:1l1l2 

Air \\'~tl'r Air ":Mer 
(,.<!11l1) Ute/Ill:) v,e/llll) !~c··lr..l) 

-, -------
O.IV! S IXI!;-' !·Xln·' I "A ~(,-. 2XICr' 

I 4XI~r' !oXIO-! IXI:)-I :!Xlo-' 
0;)1<1 S 4XII\-' '~Xhj-' IXllH f.XIt)-1 

I ~XI· :XI~-' I ('XI,I-' oXJfr' 
l'.\\la..Eul1l (46)_ •••••• _ ••••• _ •••••• I'd l();j S IXI.'·' IXI·)·' !iX::)-' 3:-:1'.1-' 

I 7)(111-' ~XHrJ I 3XI;r-
' 3XiG-' 

I'd 109 :) 6XI!l·' 3XIO-! 2Xlfr' ~Xlo-l 
1 4)(I'.r-' 2X:r;-1 I X 1' .. -' 7XIt)-' 

I'ho~pllOrus {I ~)_. __ •• _ •• _ •••••• _ •• P ~2 S iXIO-1 ~XIIJ-' 2X:L-' :?Xlij-' 
I ~XHj-' ;)(Itr' 3X~~- 2Xl(r' 

1'1:..ti::u:n (;8) ••••• _._ •••• _ ••• _._ •• 1'1101 S ~XIO-' 4XIO-1 3Xlt)-· lXHr-' 
I 6XIfr-' 2Xltr' :!):1Il-; IXlo-' 

l't 19~m S iXI0-; 3XIo-' :.'XIO-' IXIiJ-' 
1 5XH,' 3XIO-~ :.'XI·r-' IXHr-1 

Pt 197m S GXllJ-< 3Xll.l-' 2XII)-' lXIO-' 
I 5XIO-' 3XIU-: 

2XIO-' I UXIO-' 
Pt 197 S ~Xllr' 4XIQ-l 3X!U-' IXltr' 

I ~XIO-' ~XI"-' :!XIO-' t;<jh- 4 

1'1uionfuIIl (04)_. __ •• _ •• _ ••••••• _. I'u ~3~ S :!XIU-" lXI',' iX1U-U 5)<Y;-O: 
I 3XIU-:; 8XIo-' 1XI0-" . 3XIo-: 

Pu 239 S ~XIO-Jl IXIO-' 
{i)(lO-

lI l 5XIo-' 
I 4XIO-1I bXlu--' I XI(l-1l SXlu--' 

Pu 2·10 S ~Xllr-" I X 10-' G)<lo-H .:.y.lr..-~ 

I 4XIII-1l I>XIO-' lXIO-II 3Xlr, .. • 
l'u2H S 9XIO-1I ;XICr· 3X10-" !!X!i)-i 

I 4Xtu-· 4XIo-' lXl'r-' I IXIIr' 
I'u 212 S 2XIt)-" lXI(}-' 6Xlt)-II 5XIu--' 

I 4XIO-:I 1 !IXIt)-1 IX!o-" ~XIo-' 
Pu213 S 2XIU--' IXIlI-2 6>:10-' I :;Xlo-' 

I :?XIO"'" 1XIu--' f.X!O-; 3:<10-' 
P1I244 S 2XIO'" IXlll-' (.XlU-II I 4XI0-' 

I 3Xllrll 3XI()-i lXltr" I J Xlt)-. 
J>"lonlutn ($I}_ •••••• _ •• __ •• _. ___ ._I l'o2tO S 5XIt)-" 2XIO-' 2XJ{I-11 'XHr' 
l'otnis:um (19)._._ •• ______ ._. _____ ! I 2XI(}-" 8XI~-' ,Xlu--r: , ~Xlt)-' 

1\:42 S 2XI!)-1 ~XIU--1 7XI0-1 3Xio-f 

I lXIO-' 6XI0-1 4XI0-' ~Xltl-' 

l'r,\scodyruium (59}.".-.' •• '-'.---1 Pr 142 S 2Xlt)-' ~Xlt)-· ,X1O-' 3XHl-: 
I 2XI0-' UXIIj-1 ~XJI)-' 3X10-' 

l'r 143 S 3XICH IXlo-' 1X10-' :·)(It)-· 

}, U16'" C" I ~ ." I 2XIO-1 IXIO-: CXIO-' :;Xlr~ 
10 ,ollm. U', •• _._ •• _ ••• _ .•.••• 11.11 .... S tiXI(l-' (,'(11)-' ~Y!O-' 1Xl(t-t 

1 lXIO-; 6XIt)-) 3XI0-' ~ Xlt)-· 
rmH~ S 3XI0·' lX!(j-' IXIt)-! ';X!Q-) 

J 2XIO" IX1(l-1 $XIO-' 4X10-' Protc8cti:1fum (91} ________ ••• _.. 1'11230 8 2XIO-' iXlt)-' 6XIO-1l 2X!U-' 
I 8XIO-u iXIO" :;Xlo-" 2XIG-' 

1'a 231 S 1XI0'" 3XlO-' 4XIO-1< ~Xllr' 
J IXIIr" ~XIo-' 4XIIr" 2Xlt)-· 

P,,233 S ~X!ij-' 4XlI)-, 2Xlt)-· IX!(>-' 
1 2XI'r:' 3XII)-' ~~~t~: !X~Z-: Radium (5S}._ •• ____ • _____ ••••••• , RaZ.!.J " ':"':'JU: ~X;'(l-~ I 

tXiC' I ~X!(J-li) IX1(l-' ~XlIH' 
Ha Z24 S nXW-' ; X 10-1 2X'o-IO 2X10-' 

I iX'(l-" 2XII)-' 2Xit)-1I 5)<,10-' 
RD:!')5 S 3Xl,)-1I1 4X10-' 3XlfH, :;XII)-! 

I 5XI'r" OXlt)-. 2Xll>" ~Xlu--' 
R3:nS S 7XJ(>-1l I ~Xlo-' 2XIo-I: 3X:(l-' 

I 4XII)-:I 7XIo-' lXh-" 3Xla-: Radon (5u} •• ____ • ___ • __ ._ ••• _ •••• },n 2~O S 3XIt)-' __ •• _ ••••• _ ••• lXICr! ----.- .. -------

llh~u.IL~\ (;~) •• __ ._._ •• _._._ •• _.J r." ~3 
I . -.-•. 3X i 6:' ------ .. -- .. --.- -------------- -----.~.- ..... -.. 
'8 \-·'··-2xiO:" ~Xlt)-' ----.------- ... -

)~c I~ S 3Xl~" PX!()-; «3){II:- t 

I 2Xlt)-' I SX 10-' ~Xl(r' :;XI()-' 
TIc ISS S 6Xlt)-' 3XI0·' 

I 
2Xl(r' 9X1::,.' 

I :?XIO'; lX'o-' f-XW'" ,;XIo-' 
Re 157 S ~XII'" ,XIO" 3XI[\-' 3Xlt)-' 

I 5XI(o" 4Xlo-: :?Xlo-' :!X!I.~· 
Re 15$ S 4XIt)-' 2XI(r-' IXI!)" tiXIrl' , 

I 2XlO-' 9X\I}-' ('Xlt)-I 3X\t)-' Rbodium (~5} ____ •• ____ • _____ • 1(0 103m S ~).;l:;-' 4)(ICr1 :lXlv-' lXI(H 
I 6Xlt)-' 3Xl'\" ~Xl~r-" 1XI[": 

Rh 10,') S 8Xlt)-' 4X1I}" 3XIIH lXlt)-· 
I 5XI()-' JXlo-' :!XIQ-J I Xlt)-. RubldJum (:>7}. ___ • _____ RbSG s 3XlO-' 2X!(r1 lXIIT' iX\o-' 
I ';Xl(l-' 7XIo-' 2XI<rt :!Xlo-' 

RbS7 S 5Xlt)-' 3X10"' 2XICr' lXlfr- t 
7XII}" 5Xlt)-1 2XII)-' 2Xlt)-· 

RulbenlUlu (H>_ ••••••• __ ••• _ ••••• Ru9i S ZXllr' lXl'.r: lrXIv-' 4XI()-i 
I 2;< h.- j IXIt)-: tiXHr-~ 3;(1()-' 

1(u 103 S 5XI'r' 2Xl!r' :Xltr' ~X\(,' 
) &Xlv-' 2>at>-' 3).;!t)-' ~X!ll-S 

Hu lOS S 7XIo-' ~XII)-' ZXIL"" lXIO" 
I 5Xllr-; 3Xlu--' :!XlI.r' lXlor' 

Ru 1('(; S l'XICrI 4)<'10- 1 3XlO-' IXIl)-' 
1 GXlli-' 3Xl' ... • !:'X ltr-J1 IXlu--' :hl'olrlclum (G~. _ •••••• __ ...... _ ••••• Sta 1-1; D iXllrl: 2Xl<r' :?Xh ..... t • t·XIv-· 
I 3XIl)"" 2Xlt)-' 9Xi(r l : 7Xlor' 

SIn 151 S tiXto-S IXh'-: :!Xltr t 4XIU--' 
I lXICr' IX1(l-: ~X10"' 4XII)-' 

$rult.3 S ~XIC)-: :IX 10-' :!X1~' l>Xllr' 
1 4XIo-' :!XIo-' IXlo-' I'Xltr' Sc:ulllhlll: (21) •••••• _ ••• _ •• _._ •••• SdG S 2XJ()-· IXlo-' SXIITf 4Xl()-J 
I 2XlIr' 

I 
1XIO>-' ~X!')-" 4XIO>-' 

~c 4; :) 6X\(l-' 3)(10-' 2XIV'" \tXHl-S 
1 ~XIo-' 3Xll)-' :!Xlu--' {lXlt>-' 

Sc4S S 2Xltr' SXIl)-' t~Xlt)-' 3)<.lO-· 
1 lXlrr-' ~Xlo-' :lXlo-' 3>:10-' 
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EXHIBIT 7-2: CONTINUED 

}:I~rn~nt (tltr,mic r.ulllbcr) hu to(l~1 

SelenIuHl (3H ______________________ 5" 75 

SiEoon (14) ________________________ Si 31 

Sil'l"cr(ii) _________________________ ,\g 105 

A. IIlr." 

A::: 111 

Scdlmn (11)---------------_ ••• __ .- Xa~:: 

Na Z-l 

Strontlwll (38). __ ••••••••••• ___ ••• :Of ';'m 

fir b5 

8r[;9 

Sr ro 
Srfll 

Sr 92 

Sul/lIr (1&) .•••• _ •••• _ •••••••••• _ •• _ 835 

'l'anto.lum (73) •• _ ••••••••••••••• _ •• 'I'a 1,,2 

'l'echn~tium (43)_ ••••••••••••• __ •• _ 'l'c!)6m 

'l"c 96 

Tc!>im 

Tc!J7 

'1'1: !h;"1 

'I·c If.) 

Tellurium (~2)_ ••• _ •• _. ___ ••••• _... 'I'e 1~5111 

'fc ]271n 

'J'e 127 

'I'c 1~9m 

'J'c 129 

'I'c 131m 

'l'c 132 

'fcrblum (65} ••• _ •••• _ ••••••••••••• Tb 160 

Tb:ll1lllm (81) ••••••••• _ ••••••••••• TI ZOO 

T1201 

'1'1202 

'I'1 ZQ.l 

'l'horlum (QO) ••••• _._ •• _._._. __ •• _ 'I'h 225 

Th~J() 

Tit natun 

'J'1t 234 

Thulium (69) •.••••••••••••••• _ •• _ 'I'm 170 

Tmlil 

Tin (50). __ •••••••••••••••• _____ • Sn 113 

Sn 125 

TUDI:Stc~ (Wolfram) (74) •• ______ W lSI 

W IS5 

\\' 167 

Ur:lDlum (92) •••••••••• _ ••••••• __ 1.) 230 

U Z3"! 

U2:.t3 

U :.'3·1 

.) 

;; 
( 
S 
I 
S 
1 
S 
I 
d 
! 
S 
1 
S 
1 
S 
1 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 
S 
1 
S 
1 
S 
1 
S 
1 
!l 
I 
S 
1 
8 
I 
8 
I 
S 
1 
S 
I 
S 
I 
S . 
S 
I 
S 
I 
S 
I 
S 
1 
S 
1 
S 
I 
S 
I 
S 
1 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
1 
S 
I 
S 
1 
S 
I 
S 
I 
S 
I 
S 
1 
S 
I 
8 
J 
S· 

.---
'J'a1M 1 

--

I Culm:ml Co!tnnu2 

Air "'-"tre 
(pc;ttll) . I (,.'-:II!I) 

l):ICr~ I !lXIO-: 
IXl!;"- . SXIO-! 
r.xw-~ I :IXI'r' 
IXICr' 6>:ICr' 
.XFr' 3XI'r' 
sxw- I JXICr' 
2><10·' ~XICr' 
IXII-,..! VXltr l 

3Xltr' IXln-' 
2XW-' 1>:llr' 
~Y:lf~; P<I'I"' 
IIXW" !IXlO-~ 

IXIU" 6XIo-' 
IXltr' l>Xltr' 
~Xlt)·· 2Xlt)-1 
3XIo-' 2X\(r

' 2XIo-' 3XIo-' 
IXlo-: ~XIo-: 
3XIo-' 3XICr' 
4XIo-l hXlo-' 
I Xli,..' IXIO-' 
5XH,..' IXIt)-' 
4XIG-: 2XIo-' 
3XIO-: IXIQ-' 
4Xltr' :!XIlH 
3XIO-! ~Xllr' 
3XI(r: 2XIo-' 
:IXlo-' 8XW"" 
4XI.)-1 IXI!)-' 
2Xl!')-! IXI!)-' 
~XIO"" ~XI!)-t 

3XIO"" 3X1O-' 
GXI!)-' 3XIU-' 
:!XI(}-' IXlI.r' 
~Xl(l-5 IXIO-' 
~Xll;-r 5Xl!rJ 

IXI(r' ~XI(r' 
3Xlo-' 2XIO-: 
<X,,·-, ?XI:J--1 
IXJlt-' !'Xlj)-' 
2XI()--' IXlU"" 
6XIo-' 5XIo-' 
4X10-' [·XIO-' 
lXI0-' 3XI(r' 
1 X 10"" 2X!o-J 
4Xlll-1 2XIo-' 
2XIo-' liXlo-' 
tlX1O-l 5XIo-' 
~Xllr! IXIO-' 

~XIO-' 
~·XltH ~XIO"'! 
4;':10-' 2XtO-' 
4Xlfr' :1XlO-' 
2XI()-' IXIO-' 
2XIU-' 9XIO-' 
IXI()-' GXI()-' 
I X 10"': IXI()-' 
3>: Ill-I IXIO-' 
3XI(r' IXI()-' 
IXI(r' iXlo-' 
2XIU-' YXI()-'· 
9XJ(r' 5XIO-' 
SXI\J-7 4Xllrl 
ZXIo--' !?XIU-' 
t;XIO-' 3XI(r' 
3X10-' 2XI(r' 
9>00-12 2XI()-' 
tiXI()-il ~Xlo-I 
2Xl(rU 5X:(r' 

10-11 PXIo--' 
3XIo--II 5XI()-' 
aXI()-1I l(r' 
3X10-1I 3XIo-' 
3XI!)-1I 3XW-1 
6X10-' ~Xl(rl 

3X10-' 5XIo--' 
4XI()-' lXlo-' 
3Xl()-' IXI()-I 
IXI(r' IXlo--' 
~XI()--' IXI(r' 
4Xlll"" 2XI(r' 
5XIO-' ~XHl"" 
IXlo-' :'Xlo-' 
SXIo-' :'XI()-' 
2XJ(H IXlo-' 
I XII!"" IXI\J-I 
~Xli"" 4XI()-1 
IXI()-' :1XIIJ-1 
~Xllr' :!XItJ-' 
3XIo--' ~Xllj-l 

3XI()-lo IXI()-' 
IXI()-l' I X 1\1-' 
IXlo-" SXIt,..· 
aX!;r" ~XI(r1 

5:<llr" 9XI\)·' 
1)(10-" tJXlo-' 
(jXlu-· te OX1 Ir' 
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Table 11 

Cc,uUln I 

Air 
(i'Ci.r.I) 

·~X\·r~ 
-IXlir' 
2XIO-l 
3>:10-\ 
~X1C-'1 
3XII."; 
;Xl(r~ 

:IXICr" 
IXl(r' 
';Xl(;-' 
~X''-H 
:iXlfrN 
~Xl'l-! 
5Xl.,..' 
IX10-' 
lXlll'-' 
lIXltr' 
4Xhr~ 

~Xlli"''' 
1>"'I\-t 
3Xl~-H 
ZXlf)-11 
~Xl'.l-! 
~XI'J"' 
2XI LJ-' 
IXIG-! 
\'XII)-' 
!'aXle-· 
1 XI 0"" 
';X]'i-I~ 

3XW-1 

IX1O-' 
2XW"" 
~X1IJ-' 
8XIU-s 
5Xl~I-~ 
-tXt!';-7 
IXI!)-' 
I/~;tl·< 
'<)(Ir.-' 
iXIu- 5 
~XlJ-7 

IXI0-' 
4Xill-a 
5XI!J-' 
I X 10-' 
liXIV-\ 
3XiU-I 
3XIC-7 

IXI()-' 
~XI()-' 

IX""" 
IXIU-' 
tiXlu-' 
7XW-' 
4XI[I-' 
~!XIO-' 
IXII;-' 
9XIU-' 
4XIO-1 
iXlll-' 
~XIO-! 
aXil\-! 
6XI1l-' 
2)(10-' 
\lXJ(r lO 

3Xlti- ll 
2XIO-lJ 
8XI()-1t 
3XlO"''' 

11)-" 
10-11 

10--" 
Io--l! 

2Xlti-· 
10-' 

IXIo-' 
IXIO-' 
~Xt(i-' 
~Xlt!-' 
1 X 10"" 
~XIO-' 
~Xlu-' 
3Xllr' 
~Xlt)-· 
4XIO-' 
3>:W-' 
4XIo--I 
,'X HI-' I 
IXIV-' 
IXW-Il' 

4XIU-" I 
3XI0-1I 
9Xht-ll 
~XH~1l i 
4Xllrt! I 
:!xlu-1Il 

Column 2 

Ws!,·r 
(p~imn 

3>;10-1 
:·.~<Iv-I 
.~'X~:rc 
:'::<llrl 
lXICr l 

1XI0--1 
:IXltr ' 
3Xiir' 
4>~1U-: 
4Xlir' 
4 xlll-j 
3Xhr' 
2:<10'" 
3XIO'" 
7XHr ' 7Xl'.j-~ 
IXW-I 
2XIO"-' 
3 >,,1 rr' 
3XI(r' 
3XI(}-1 
4Xl(r-J 

7X10--' 
~XJ(r' 
7XlfJ- 1 

fiXI()-' 
6XlU-' 
axlo ... • 
4XIO"" 
~Xli}-l 

IXII)-' 
IXIO"" 
IXIO-o 
~1>~1t)-5 
~XIO-' 
:::<1 1)-' 

"X'o-3 
~xi(r-' 
6Xi(j-J 
3Xl~-J 

3Xlr.- 1 

f'.!'<l ,.... 
2XW- t 

IY.lo-' 
oXIO-' 
5XIU-' 
;IXl'r' 
~XIU-' 
3XI')-' 
~X!U-~ 

I'XIH-' 
~XIo-' 
6XlU-' 
~Xj(j-' 
~IXlrr' 
2X!()-' 
4X!()-' 
4Xl()-1 
4X W-' 
2XHr' 
3X\I)-1 
~XIC"" 
IXIU-o 
;XI.,..' 
IXIer- O 

GXlV-' 
7XIlrI 

lu-' 
::!XIU-' 
3Xt(,...· 
:!X ll}-o 
4XI()-' 

I()--' 
10-' 

2XIiI-' 
~Xl\r' 
!:)o.: 1 Ij-s 

5Xlil-' 
~XI()-' 
~XI()-' 
~XI()-' 
~XJ'j-' 
~XW-I 

~XI(r' 
~XIo-' 
~XIU-' 
1 >\10- 1 

1;":;0-1 

;X!tr' 
~Xll"'" 
i·XI(r· 
~Xllr' 
:IX)I'" 
~>:Itr' 
.1'< I()-' 
3XI(l-I 
JXlU-' 



EXHIBIT 7-2 CONTINUED 

'l'"blcI 'fob!e 11 

J"'ltopc I Co?umll 1 I Column 2 

J,tr Wnlcr 

Elc.me:;t (~tomlc Dllm\'cr) Column I Column 2 

Air Wntcr 

______________ 1 __ ~ ______ ~~1~~1-----' 
j- ·j-Xicr ii 

("e/ml) ("c/rnl) 
------

U ?as 

U23G 

U 240 

U-nstu1~1 

Vanadium (~3) ____________________ V 43 

Xenon (~) ________________________ Xc l.'ilm 
Xc 13:3 
X~ 133m 
Xc 13.> Ytterbium (;0) ____________________ Yb 1;5 

Yllrj~lIl (3~) ______________________ Y W 

Y91m 

Y~t 

Y!12 

Y 93 

Zinc (:Xl)- _________________________ ZIl (.S 

Zn 69m 

LU GO 

Zi!C(lClllm (4C') ____________________ · Zr ~3 

7.r 97 

I 

S' 
I 
S 
1 
S' 
I 
S 
I 
S' 
I 
S 
I 
Sub 
l"llb 
8~b 
Sul> 
S 
I 
S 
1 
S 
I 
S 
I 
s 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
I 
S 
J 
Sub Any !"in;'lp rndiollltclioe IIC.t 

l1~t?d HitO,",,! Wili, fih"il'" llH'Hle 
ot!~rr tb",n ?oli'ha (':nis~'io:1 or 
"jloOUt3nf-CIlIC; ti~:::i~'n unci with 
r:lrli(\~c!i ... h,II-lifr Il->s Ih"n 
2 ""'irS_ 

.Any sill:; I£" ratliol1uclid(\ not 
listf.:d RtIO~~ witfl dec:,",' J'lO!~C 
otla-! lr.~1n :llpl-;t (,!ld:\C;'~";l Or 
t-IKllII~ll!t'('U~ fl!'~!(",:1 p.tHl ''':i:h 
radion(,lin' hl1.H·1ifl' I!n.':l~l'r 
th::!:n:.1 h":l~. 

1 ______ ---------- -----­
j 

Any ~in::il'! :;.(UnmH'lide T\o1t 
li~t('d n~.10'·(l, wlll('h d(lc:~y~: hy 
81p:ln C;ilj~~io: ... or ~pon:at1l0US 
fi~~nll. 
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5XtI,." 
.IXt(Hc. 
(,:"<10- 10 

I }<H,." 
7X'C'-li 
IXlo-" 
2Xl(j-l 
~XHl-1 
7XIl'-1I 
GXJ()-II 
2XIo-' 
I,XW-' 
2XJ(I-J 
IXh,-·'· 
IXIt)-' 
4XIO-' 
7Xl·)-1 
6XI0-; 
IXW-1 
IXIO-7 
2XH,.., 
2XIO-l 
4Xtlr!.. 
~Xt()-' 
4XI()-1 
3XI0-7 
l!Xlo-l 
lXlo-' 
.1XI0-1 
6XW-' 
4XIO-l 
3XIO-1 
7X10-' 
PXI0-' 
lXllH 
SXIt)-1 
IXlo-' 
'3Xlf',-! 
IXIO-' 
~Xllr' 
IXIO-' 

3XIo-C 

~XIo-' 4XIO-12 3XI(,..' 
8XHr-' :'XW-" 3)(10-' 
8Xl(>-' ';XJ(I-l' 3X;(j-L 
lXI~' 2Xl0-- 11 3>:11..""' 
I X Woo, 4X](l-12 3XIo-, 
I Xll)-' 3Xlfr12 4Xlfr' 
lXlo-' ~Xl(J-" 4XIC;-' 
IXIII-' 8XI~-' 3>:10-' 
])-.10-' foXlrr' 3XltJ-' 
f,Xj(r-t 3XIl>-12 2XIo-, 
5XIO-< 2Xltr U ~Xlo-' 
!·XIf)-l (:'<10-' 3Xlo-' 
8X;O-4 2:'<10-' 3XIo-' 

.. _----- ------- 4 )(10- 7 ------------- .. 
-------------- 3>:1fI-' --------------

r::::;~i~;: 
~Xlt)-' I ('XIO-' 
~:<to-' 
IXIo-' I 
IXI()-' 
~XJ(r-t : 

3XIO-' ------------ .... 
IXIO-' --------------
~XIO-1 IXIO-' 
2X10-' IXIo-' 
4Xltl-' 2XI()-' 
3XIo-' ~Xlo-' 
~XIO-' 3Xlt)-· 
6Xl0-' 3X10-' 
I X 10-' 3XI(\-' 

~XIO~n 2XIIJ-' 
2XHr' 
!'Xll}-< 

bXlo-' I 3XIo-' 
5XIo-' 
~Xlo-' . 

TXTiF' 3X1O-' 
IXIU-' 6XW"" 
lXlo-~ £XIo-' 
6XI0-' aX1Q-J 
~XIo-~ 3XH)- , 
4XII>-' IXlo-' 
2X10-' 2XIQ-' 
IXIO-I :XIo-' 

2XHr·' lXJ()-' 6XI(I-' 
5X10-' 2XtO·' 2XIo-' 
5XI()-' 3XIlH 2XI(I-' 
2XIO-' 4XI(l-' ;;XIO-< 
2XIO-' IXIO-I SXII}-< 

i ~XIU-' 
~XIO-l 

I -~Xll}-i , 
6XlO-< 

4XIU-' 6XIO-' 
!XJLl-' 6X:0-' 
4XI(H ?XI(l-l 
3XIO-' 2XIo-' 

--------- .. ---- JXIO-I .. _ ..... _- ... -- ... _- .. 

PXIQ-' lXto-to 3XIO-< 

4XIO-l 2XI0-" 3XIQ-' 



EXHIBIT 7-3 

McteriaZ .lIIicr-ocuries 

Amerlc!um-?H _____________ .--._ 
Ant.up.oJl},-lZ2 _________________ _ 
Antimonj'-lZ<!' __________________ _ 
.... uUmony-l?5 _______________ .---
A!""3('n tc~.73 ______________________ _ 
Ars"nlc-7.J, _. __________ ~ _________ _ 
Arst'nlc-76 _______________________ . 
',\rscnlc-77 ______________________ _ 
B:nium-131 ____________________ _ 
B~rlum-HO ____________________ _ 
Blsmu th-~ 1 0 ___________________ _ 
Bromlne·82 ____________________ •. 
Cadmium-I09 __________________ _ 
Cltdmhlm-115m ________________ _ 
Cac!m!um-115 _________________ _ 
Calcium-45 _____________________ _ 
C"lcJum-47 _____________________ _ 
Carbon-14 ________ . ____ . ________ _ 
Cerium-I'll ____________________ _ 
CerlUll1-l43 ____________________ _ 
Cerlmn-144 _____________________ _ 
Ct'slum-131 __________________ . __ _ 
Cesium-134m __________________ _ 
O:;esluln-134 _____________________ _ 
Ces!um-l:.!:; ____________________ _ 
Cesluru-136 _____________________ _ 
Ce"lulll-137 _____________________ ., 
Chlorlne-3G _____________________ _ 
Chlor!ne-38 _____________________ _ 
Chrom.lmJl-51 ________________ _ 
Cobalt-a8m _____________________ _ 
Oob[\lt-58 ______ ~ _______________ _ 
Co.bl\lt-GO ______________________ ._ 
Copper-64 ______________________ _ 
DysprOS!unl-165 _________________ . 
Dyspro&illm-166 ________________ _ 
Erbhllu-IG9 ____________________ _ 

.01 
100 

10 
10 

100 
10 
10 

100 
10 
10 

1 
10 
10 
10 

100 
10 
10 

100 
100 
100 

1 
1,000 

"100 
1 

10 
10 
10 
10-
10 

1,000 
10 
10 

1 
100 
.10 

100 
100 

ALLOWABLE CONCENTRATIONS ABOVE BACKGROUND 

Jlflltcrlal Jlucrocuries 
Erhlum-171 ____________________ _ 
:Europlum-I52 9.2 h _____________ _ 
Europium-IS2 13 yr _____________ _ 
Europium-15olo __________________ _ 
Europlum-IS5 __________________ _ 
Fl'.lurine-18 ~ ___________________ _ 
Gado; inium-153 ________________ _ 
Gr.<lolinlum-lS9 ________________ _ 
Gal!ium-72 _____________________ _ 
Gennan!um-"'Il ____________ 4 ____ _ 

Gold-198 _______________________ _ 
GOld-199 _______________________ _ 
Hafnium-lSI ___________________ _ 
Hol:-alum-166 ________ • __________ _ 
llydrogcn-3 ____________________ _ 
ludlum-113m ___________________ _ 
Indium-114m ___________________ _ 
Indium-115m-___________________ _ 
Indium-ll5 ____________________ _ 
Iodine-125 _____________________ _ 
Iodine-lZ6 _____________________ _ 
Iodlne-129 _____________________ _ 
IodUle-131 _____________________ _ 
Iodine-132 _____________________ _ 
Iodine-1:.!3 _____________________ _ 
Iodine-134 _____________________ _ 
lodlne-135 _____________________ _ 
Jrlcllum-192 ____________________ _ 
Irldluln-194 ____________________ _ 
Iron-55 ________________________ _ 
Iron-59 ________________________ _ 
Krypton-85 ____________________ _ 
J(ryptoIl-67 _____________ --------
LS\1~thl'n\lm-140 ________________ _ 
l,\Itctlum-177 _________________ _ 
l\bn&nnese-S:J __________________ _ 

Mf\nellnese-54 -------------------Manganese-56 __________________ _ 
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1(10 
100 

1 
1 

10 
1,000 

]0 
lCO 

10 
100 
101) 
10!") 

10 
100 

1,000 
100 

10 
100 

10 
1 
1 
0.1 
1< 

10 
1 

10 
10 

·10 
100 
100 

10 
100 

10 
10 

]00 
10 
1(1 
10 

1.!'crCtlr~·-1 ~J7m _________________ ... _ 
l\Iercury-!97 ____________________ _ 
~lcrcury-203 ____________________ _ 
l\Io!ybc!em'm-99 ________________ _ 
N.'D<lymium-147 ________________ _ 
}ieoctyn:ill:n-H.3 ______________ - __ 
Nickel-5:l _________ ... _______ ..... __ - __ 
Nicri.el-G3 _______________________ _ 
Xickel-GS _______________ :- _______ _ 
Niobiun:-93m ___________________ _ 
}iiobium-95 _______ . _____________ _ 
Niciblum-n ____________________ _ 
Osmi:Jm-IS5 _______________ --- __ 
Osmlum-Hllm __________________ _ 
Osmilll:1-191 ___________________ _ 
Osmturn-193 ___________________ _ 
Pa.lladium-l03 __________________ _ 
Palladium-I09 __________________ _ 
Pho;-phorus-32 __________________ _ 
Platinulll-)')! __________________ _ 
Platinum-I nm _________________ _ 
PIMinulJl-193 __________________ _ 
Platinum-197m _________________ _ 
P!f\tinum-l ~7 __________________ _ 
Plutonlunl-Z;)9 _________________ _ 
Polonium-21O __________________ _ 
Pot,,"",sl ma-42 ___________________ _ 
Praseody~lIum-142 ______________ _ 
I'ras<:odymtunl-14:; _____________ _ 
Pron:ethllln1-1·n ________________ _ 
l'romethlum-149 ________________ _ 
Rndlurn-226 __________________ . __ 
Uhenlulll-lS6 ___________________ ~ 
Rhenlunl-ISH ___________________ _ 
Rhodlum-IO:lru _________________ _ 
HhD<llum-105 ___________________ _ 
Rubldlulll-66 ___________________ _ 

tuo 
lCfi 

10 
10,) 
100 
100 
1(\0 

10 
100 

10 
10 
10 
10 

100 
lOu 
100 
100 
100 

10 
100 
100 
100 
100 
lClO 

01 
0.1 

10 
100 
100 

10 
10 

.01 
100 
100 
100 
100 

10 





,,-7f' :.'~ ,./ SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) ........ ~ r-
LABELING NO. 8 

METHODS Lecture and Discussion LENGTH 20 minutes 

PURPOSE Provide information on current requirements 
and recommendations for labeling chemicals. 

OBJECTIVES Enable the teacher to 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

1) Identify the types of information that should 
be given on labels for chemicals. 

2) Discuss the problems in getting people 
to read and follow label directions. 

3) Outline a research project for background 
information about chemicals for labels. 

MCA labeling recommendations 
NFPA labeling recommendations 
NIOSH labeling recommendations 

Lesson Plan 
Slides 

Note-taking 

8-1 

Chalkboard, Chalk, Eraser 
Projector (3Smm) and Screen 
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INTRODUCTION 

Proper labeling is one of the fundamental 

aspects of a safe and effective laboratory 

operation. Materials that are made in the 

laboratory, in the course of experiments, re­

quire labeling just as much as purchased chemi­

cals that reside on the storeroom shelf. 

Labeling has two principal functions. First 

is adequate identification - what the material is 

and where it came from. Second is precautionary 

information for safe handling of all chemicals 

having significant material hazard. 

Purchased reagents always have either the 

chemical or common name of the material, the 

name of the manufacturer, and a lot number. If 

·the chemical is flammable, a flash point may be 

shown on the label accompanied by a precaution 

regarding fire hazard. If the material is cor­

rosive, toxic, reactive, or unstable, other pre­

cautionary information is us'ually shown. Ab­

sence of precautions on the label does not nec­

essarily mean that there is no hazard, since not 

all manufacturers are diligent in presenting 
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such information. 

Solutions, mixtures, reaction products and 

other materials generated in the school labora­

tory should be labeled unless their· existence 

is momentary. Laborat9ry glassware or bottles 

containing such materials must be labeled for 

identification purposes with the name of the 

material, name of the person who made it, and 

the date made. If there is any material hazard, 

an indication of the type of hazard should at 

least be indicated on the label. 

Absence <;>f labels engenders mistakes and can 

be very dangerous. It is not unusual to walk 

into a science laboratory and see reagent bottles 

with no identifying label. Such containers 

should be discarded immediately upon discovery. 

Labels sometimes become i~legible from chemical 

contact and if the label cannot be renewed while 

still readable, disposal is the only answer. 

The Federal Hazardous Substances Act, now 

administered by the Consumer Product Safety 

Commission, requires precautionary labeling on 

all flammable, corrosive, reactive, toxic, or 
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radioactive substances intended for non­

industrial usc. 

The U.S. Department of Transportation 

requires certain shipping labels on packages 

of hazardous materials carried interstate. 

The Occupational Safety and Health Act 

has a general duty clause requiring an employer 

to provid~ a safe place of employment. Un­

labeled or inadequately labeled reagents or 

other materials could be construed to be a 

violation of this Act. 

The National Institute for Occupational 

Safety and Health has submitted to OSHA a 

criteria document entitled, "An Identification 

System for Occupationally Hazardous Materials." 

Adoption of this or a similar system by OSHA 

would standardize labeling for industry and for 

other users of reagent chemicals. This document 

also recommends use of a Material Safety Data 

Sheet as a means for manufacturers to transmit 

hazard information to users. 

Liability suits often are based on in­

adequacy of the label of a material involved in 
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an accident. Good labeling practice would help 

protect the teacher from such litigation. 

In 1944 the Manufacturing Chemists Associa­

tion, realizing the crucial importance of pre­

cautionary labeling, formed its Labels and Pre­

cautionary Information Committee and subse­

quently published six editions of "Guide to 

Precautionary Labeling of Hazardous Chemicals." 

The work of this Committee and its publications 

have been the basis of much current legislation 

and practice. 
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INFORMATION ON LABELS 

Labels should serve the following 

functions: 

(1) They should show clearly what the 

material is. 

(2) They should show the manufacturer's 

name and address. 

(3) They should indicate the age of the 

material. 

(4) They should indicate possible hazards 

of the contents and suggest handling precautions. 

Material hazards fall into two classes, 

physical hazards and health hazards. The first 

are immediately evident and include fire poten­

tial, chemical burns, reactivity, and explosion 

potential. Health hazards are more subtle and 

sometimes their effects are not evident for a 

period of time. They relate to inhalation, skin 

absorption, and ingestion of toxic substances. 

The Manufacturing Chemists Association has 

adopted the philosophy that "Chemicals in any 

form can be safely stored, handled, or used if 
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the physical, chemical, and hazardous proper­

ties are fully understood and the necessary 

precautions, including the use of proper safe­

guards and personal protective equipment, are 

observed." The label should convey the neces­

sary information to promote safe handling. 

The NIOSH Criteria Document, "An Identi-­

fication System for Occupationally Hazardous 

Materials," recommends that the label contain 

the following: 

(1) The trade name or chemical name of 

the product; 

(2) A hazard symbol consisting of three 

rectangles containing terse indications of 

relative health hazard, fire hazard, and 

reactivity hazard; 

(3) Appropriate statements on the nature 

of the hazard; 

(4) Appropriate action statements; 

(5) Emergency action ana first aid 

statements; 

(6) Clean-up and disposal statements 

where appropriate. 
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Exhibit W-8-2 in Workshop W-8 shows the 

recommended wording for the three blocks in 

the hazard symbol. The rating numbers should be 

put in the squares preceding the rectangles of 

the symbol. 

Exhibit W-8-S and W-8-Sa to W-8-SB give 

directions and statements for use in writing 

the label. 

Exhibit W-8-Si is a sample label appro­

priate for Prussic Acid, Hydrogen Cyanide. 

At times it may not seem practical to put 

all of the desired information on the label, 

especially if the container is small. In this 

case the instructor must use good judgment in 

selecting the. information that should appear on 

the label. The most essential item is the 

chemical or product name. A word giving the 

principal hazard characteristic may be next 

in importance. 
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INTERPRETING LABELS 

Chemical labels are generally self­

explanatory. However, existing regulations do 

not require that all chemical labels contain 

complete information. Commonly an explanation 

of the hazard presented by a particular com­

p01,lnd: is handled by a phrase such as "avoid 

skin contact," "avoid inhalation," or "keep 

away from fire, sparks, and open flame." While 

these statements may apprise the user of the 

general hazard involved, they do not necessarily 

indicate the degree of hazard. 

Laboratory workers become innured to the 

phrases "avoid skin contact" and "avoid inhala­

tion of vapor." They are rarely appreciated 

and routinely ignored. After spending time 

working in the science laboratories, students 

may acquire a similar lack of concern for the 

health hazards presented by chemical reagents. 

Assigned research into the actual health effects 

of chemical reagents to be used in laboratory 

work should be an i~portant part of any 
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laboratory project. 

Labels used on mixtures of chemical re­

agents or solvent mixtures can also be inade­

quate. Generally only the primary components 

will be listed. Minor chemical compounds 

which may actually be more toxic and present a 

greater danger to the user may be ignored. 

Instructors who are involved in purchasing 

chemicals for science laborato~y use should 

make a practice of requesting the material 

safety data sheet from the supplier or manu­

facturer of the chemical. The material safety 

data sheet is a form which most manufacturers 

will supply and which contains relevant informa­

tion about the physical and toxicological 

properties of the chemical. Frequently the 

material safety data sheet will contain informa­

tion about minor components or impurities that 

is lacking on the label. 

There are no laws or regulations that re­

quire a mmlufacturer or supplier to furnish a 

material safety data sheet for his or her 

product. However, most of them will do so. 
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A typical material safety data sheet is 

presented in Exhibit W-8-·3 in Workshop W-8. 

Some chemical labels are now using a dia­

mond shaped diagram as a shorthand method of 

informing the user of the dangers presented by 

the particular chemical. Exhibit 8-1 presents 

a typical diagram. This diagram is based on a 

hazard identification system proposed in the 

publication Recommended System for the Identi­

fication of the Fire Hazards of Materials pub­

lished by the National Fire Protection Associa­

tion (NFPA 704-1975) 

The diagram is divided into four segments. 

The top segment indicates the flammability 

hazard; the left the health hazard; the right 

the reactivity. "The bottom segment is used to 

identify any special characteristics that the 

user should be aware of. For example a W with 

a line through the middle indicates unusual 

reactivity with water. Oxidizing chemicals are 

identified by an OXY in the bottom segment· and 

radiation hazards are identified with the 

radiation symbol. 
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The degree of each hazard is indicated by 

a number in the appropriate segment. The num­

ber scale ranges from 0 to 4 with materials 

designated as 0 presenting little or no hazard 

in that particular category. Materials with a 

4 designation are extreme hazards in the cate­

gory so designated. 

The health hazard designations refer only 

to the immediate, acute effects of exposure to 

the chemical. The chronic, long term health 

effects are not taken into account. 

For the health hazard category, the left 

segment, the numbers have the following mean­

ings. 

A 4 indicates that a few whiffs of the gas 

or vapor or skin contact with a small amount 

could cause death. Only special protective 

clothing designed specifically to protect 

against this particular hazard should be worn 

by persons entering an area where exposures 

are likely. 

A 3 indicates that the material is ex­

tremely hazardous to health, but areas may be 
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entered with extreme care. Full protective 

clothing and self-contained breathing equipment 

must be worn in areas where an exposure is 

likely. 

A 2 indicates that the material is 

hazardous to health, but that areas may be 

entered freely with a self-contained breathing 

apparatus. 

A 1 indicates that the material is 

only slightly hazardous to health. 

A 0 indicates that the material presents 

no greater health hazard under fire conditions 

than ordinary combustible materials. 

Exhibit 8-2 presents the explanation of the 

number scale for flammability and reactivity in 

addition to health hazard. 

All chemicals and solvents, especially 

those with hazard ratings of 2 or higher in 

any category, should be carefully controlled, 

well labeled, properly stored, and discretely 

used. Remember, they can be handled safely if 

their hazard properties are understood and 

precautions are heeded. 
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METHODS 

PURPOSE 

OBJECTIVES 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

HANDLING GLA~SWARE NO. 9 

Lecture and Discussion LENGTH 30 minutes 

Emphasize the need for establishing proper procedures 
for handling, storing, and disposing of glassware 
in the laboratory. 

Enable the teacher to ...• 

1) List 5 recommendations for the safe storage 
of laboratory glassware. 

2) Discuss factors to consider in selecting 
glassware for the school science laboratory. 

3) Use proper procedures for cleaning, cutting, and 
disposing laboratory glassware, as well as other 
handling techniques. 

Borosilicate glass 
Contaminant-free glass 
Soda-lime glass 

Lesson Plan 
Slides 

Note-taking 

9-1 

Chalkboard, Chalk, Eraser 
Projector (35mm) and Screen 
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LESSON 

NOTES 

Material of construction 

Disadvantages of glass 

NO.9 

INSTRUCTION 

INTRODUCTION 

One of the most common materials of 

construction in the high school science labora­

tory as well as any type of science laboratory 

is glass. The great majority of containers 

used in science laboratories are made of glass. 

Glass is an excellent material of construction 

because it is relatively inexpensive, highly 

resistant to chemical attack, easily cleaned. 

and non-contaminating. Glass has one big 

major disadvantage that counterbalances all of 

its advantages in the science laboratory. 

It breaks very easily. When it breaks, it 

produces extremely sharp edges and points 

which readily cut human tissue. 
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LESSON 

NOTES 

Cracked pieces 

Storage 

Recommendations 

NO.9 

INSTRUCTION 

RECEIVING AND STORAGE 

Like any fragile equipment, glassware 

should be carefully handled upon receipt. 

Broken glass is frequently found in containers 

being unpacked. Instructors and students alike 

should assume that broken glass may be present 

when shipping cartons are being opened. 

Upon receipt each carton of glassware 

should be opened and the glass items examined 

for cracked or nicked pieces. These pieces, 

if not replaced, may fail during use at some 

later date. 

Special attention should be paid to the 

storage of glassware. Glassware should be 

stored in a well-lighted area on shelves 

designed for this purpose. The edges of the 

shelves should have a rim of sufficient height 

to prevent the glass pieces from falling off 

the shelf. The following recommendations, if 

implemented, will provide a safe glass storage 

area. 

(1) Light pieces of glassware should be 

stored on upper shelves and heavy pieces on 
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MCA (1972) 

NO.9 

INSTRUCTION 

lower shelves. 

(2) Tall pieces of glassware should be 

stored at the back of the shelf and short 

pieces near the front. 

(3) Glass pieces on the highest shelf 

should be reachable by all parties without 

resorting to a stepladder or stool. 

(4) Glass rods and tubing should be 

stored in a horizontal position, and no 

piece should protrude over the edge of the shelf 

(5) All aisles in the storage area 

should be kept clear of obstacles and debris 

at all times. 

SELECTION OF GLASSWARE 

There are many factors to consider when 

selecting glassware for laboratory needs. Some 

of these are: 

(l) The purpose of the glassware; 

(2) The quality of glass required; 

(3) The cost. 

Glassware is not all composed of a 

homogeneous type of glass. There are different 

types of glass with different physical and 
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Soda-lime glass 

Borosilicate glass 

NO.9 

INSTRUCTION 

chemical properties. There are thin, inexpen­

sive soda-lime glasses which can be thrown away 

after a single use, and there are expensive, 

pure silicon dioxide glasses for corrosive, high 

temperature applications. 

Types of Glass 

There are many different types of glass. 

They are differentiated by their chemical 

composition and thermal treatment. In the high 

school science laboratory there are two glasses 

that are important: Soda-lime glass and 

borosilicate glass. A typical soda-lime 

composition is silica - 72%, soda - 15%. 

magnesia - 10%, alumina - 2%, and miscellaneous 

oxides - 1%. Borosilicate glass is formed 

by the addition of boron oxide (B20
3

) to a 

soda-lime mixture. The glass thus formed 

has excellent chemical and heat resistance. 

The cornmon laboratory glasses - Pyrex and 

Kimax - are borosilicate glasses. 

Corrosion Resistance 

Silicate glasses are affected to some 
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NOTES 

Glass-corroding 
reagents 

Failure of glass 

Smith (1971) 

NO. 9 

INSTRUCTION 

degree by most laboratory solutions. The fo1-

lowing glass-corroding reagents are listed 

in decreasing order of effectiveness: 

hydrofluoric acid, sodium hydroxide, sodium 

carbonate, ammonium hydroxide, phosphoric 

acid, and sulfuric acid. Hydrofluoric acid 

and hot phosphoric acid are so corrosive to 

glass that they should never be put in glass 

containers. 

Thickness 

Glass apparatus comes in varying thick-

nesses for various purposes. Where thicker 

glass is 1<::'1" i r 0,1, in vacuum and pressure 

applications, it should be used. 

Special Precautions 

Earlier, it was mentioned that incoming 

glassware should be inspected for scratches 

and nicks. The failure of glassware is almost 

always initiated at the surface of the glass. 

Localized impacts from sharp objects, scratches, 

and localized heating can all put extremely 

high local stresses on a glass surface. Total 

9-7 



LESSON 
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Personal protection 

Cutting techniques 

NO.9 

INSTRUCTION 

failure can quickly occur at one of these high 

stress locations. Glassware that reveals sur­

face nicks and scratches under visual observa­

tion should be removed from service. 

GLASSWARE MANIPULATION 

Cutting of Glassware 

Nearly all glassware cutting in school 

science laboratories involves glass rods or 

tubing. Tubing and rods are readily cut by 

making a straight, clear mark on the glass 

surface at the place where the glass is to 

be cut. The individual doing the cutting 

should be wearing leather gloves and eye 

protection. The rod or tube is grasped in 

both hands. one on each side of the score 

mark. and the thumbs are extended and placed 

against the g'lass tubing or rod opposite the 

score mark. The rod or tuhing should be hent 

toward the body thus putting the scored sur­

face in tension. The rod or tuhing should 

break cleanly at the score mark. The cut 

ends should be fire polishl'd to elimil1:1tl' 
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NOTES 

Lubrication of tubing 

NO. q 

INSTRUCTION 

any sharp edges. 

Cutting glass tubing and rod is 

basically a very simple hut very danger011s 

procedure. The hands must be protected verv 

well if injuries are to be avoided. 

Ins _e r t !.on i n._ Tu b j..I!S_._~~_c!.~_~.().PJ~_~E.~ 

It is very easy to break glass tubing or 

rods when inserting it into a hole bored 

into a rubber or cork stopper. Before any 

tubing is inserted. care must be taken to 

ensure that the hole in the stopper is bored 

to the correct size. Glass tubing will not 

penetrate a stopper just because the stopper 

has a hole in it. The diameter of the hole 

should be slightly smaller than the diameter 

of the glass rod or tubing. If there is a 

large size disparity, excessive force may be 

necessary to force the glass piece through the 

stopper. When excessive force is used is 

when trouble is highly likely to occur. 

Glass tubing should be lubricated with 

water or glycerine before insertion into the 

rubber stopper. The individual doing the 
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NO.9 

INSTRUCTION 

insertion should always wear gloves, preferably 

leather gloves. All forces used to insert the 

tubing should be directed along the axis of 

the tubing. Glass tubing or rods should never 

be subjected to bending or flexing forces 

while being inserted into a stopper. 

When inserting glass tubing into 

rubber or plastic tubing, many of the pre­

cautions discussed above should be observed. 

The glass should be lubricated before insertion 

into the rubber or plastic tubing. The 

rubber tubing should be cut at an angle before 

the insertion of the glass piece. The angled 

cut allows the rubber to stretch more readily. 

Cleaning of Glassware 

For most high school science experiments, 

laboratory glassware can be effectively cleaned 

by using anyone of a number of laboratory 

detergents available for that purpose. 

Glassware that is not contaminated with a hard­

to-remove residue can be soaked in a detergent­

water solution, rinsed with tap water and 

distilled water, and then air dried. It 
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NO.9 
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may be necessary to rinse glassware cleaned 

in this manner with a dilute acid rinse to 

remove all of the detergent from the surface 

of the glass. 

If totally contaminant-free glassware 

is required, acid cleaning of the glassware 

may be necessary to remove all trace contami­

nants from the glass surface. Glassware which 

is to be acid-cleaned is first washed with a 

detergent solution as was discussed above. 

The glassware is then soaked in a solution of 

sodium dichromate and sulfuric acid. The 

soaking period may vary depending on the 

exact purpose for which the glassware will be 

used. After the completion of the soaking 

step, the glassware is rinsed with tap water 

and distilled water, and allowed to air dry. 

Other acids, concentrated nitric and 

concentrated hydrochloric, can be used to 

replace or supplement the sodium dichromate­

sulfuric acid cleaner where necessary. The 

instructor must realize that the acid cleaning 

procedure can be extremely dangerous to the 
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Personal protection 

NO. 9 

INSTRUCTION 

students and to the building fixtures. 

Students using this procedure must wear 

the full complement of required personal 

protection: safety goggles, face shield, 

rubber gloves, rubber apron, and lab coat. 

They must use extreme care to avoid splashing 

themselves or others with concentrated acids. 

They must not discharge excessive quantities 

of concentrated acid into the sink drain 

without taking the proper precautions. Any 

acid flushed down the drain should be diluted 

with copious quantities of water. 

Disposal of Glassware 

Broken glass should be disposed of in a 

specially marked container set aside for that 

purpose. It should not be disposed of in the 

normal trash receptacles, as janitors and clean­

ing personnel can be injured by broken glass in 

unmarked containers. When breakage occurs the 

large glass pieces can be removed by sweeping 

with a wisk broom into a dust pan. The small 

particles are then removed by wiping the entire 

area with wet cotton swabs. 
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BIOLOGICAL AND ANIMAL HAZARDS NO. 10 

Lecture and Slides LENGTH 
30 Minutes 

To provide an overview of desirable safety and health practices 
in science laboratories that perform biological studies 

Enable the instructor to --

1) Recognize sources of hazards in the biological laboratory 

2) Develop evaluation (measurement) techniques for 
microbiological hazards 

3) Design safety and health program designed to minimize 
these hazards 

Microorganisms 
Pipet 
Syringes 
Inoculating loops 
Embryomated 
Pathogenic 

Lesson Plan 

35 nun slides 

Note-taking 

Projector (35mm) and Screen 
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LESSON 

NOTES 

Phillips (1971) 

NO. 10 

INSTRUCTION 

INTRODUCTION 

As early as 1893, cases of laboratory 

acquired infections occurring in research labs 

were recorded. Cases still routinely appear 

today in the scientific literature. Micro­

organisms, like toxic chemicals, are a definite 

hazard to persons performing biologic experi­

ments. Working with them requires special 

handling techniques and may require specialized 

laboratory equipment. Instructors must be 

aware of the hazard presented by infectious 

agents and the possible sources of infection 

present in the laboratory. Biological experi­

mentation offers a unique and interesting 

learning experience for the student, and when 

properly conducted can be very informing and 

exciting. 
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OCCURRENCES RESULTING IN 
ACCIDENTAL INFECTION 

NO.lO 

In approximately 80 percent of all labora-

tory-acquired infections, the cause is unknown. 

It requires such a minor mishap to release 

pathogenic microorganisms into the air that 

pinning down the exact time and operation re-

sponsible may be impossible. In the 20 percent 

of laboratory infection cases for which the 

causes are known, there are five causes which 

appeared most frequently. These are: 

(1) Oral aspiration through pipettes; 

(2) Accidental syringe inoculation; 

(3) Animal bites; 

(4) Spray from syringes; 

(5) Centrifuge accidents. 

Other common cuases of laboratory-acquired 

infections are cuts or scratches from comtaminated 

glassware, cuts from animal autopsy instruments, 

and the spilling or dropping of pathogenic cul-

tures on floors or table tops. 

Laboratory aerosols which enter the body 

through the respiratory tract are known to be 
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sources of infection. Spray from syringes, 

centrifuge accidents, a film of culture breaking 

on an inoculating loop, and a surface bubble 

breaking when a culture is stirred all give 

rise to aerosols which can readily enter the 

body. 

Another common source of infection by 

microorganisms is contact with laboratory ani­

mals. Laboratory animals transmit pathogenic 

microorganisms to humans by bites, scratches, 

generation of aerosols, contact with the animal, 

and contact with a contaminated cage or bedding. 

This information is presented to form a 

basis fo~ proper handling of pathogenic organ­

isms. It is strongly recommended that patho­

genic organisms not be introduced into a school 

science laboratory experiment. It is recom­

mended that only sterile biologic fluids and non 

pathogenic microorganisms be obtained from repu­

table scientific supply houses. 

If laboratory animals are to be used, they 

should be obtained through licensed experimental 

animal suppliers and should be housed and 
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cared for SQ that they will not acquire in-

fection during experimentation. 
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INFECTIOUS AGENTS 

Nearly all groups of microorganisms have 

some effect on man. Exhibit 10 - 1 presents 

the various groups of microorganisms and some 

of the diseases in man for which each group is 

responsible. 

Each group listed is responsible for many 

more diseases than the few listed. There is 

no group of microroganisms that does not contain 

some pathogenic members. Consequently experi-

mentation which may involve microorganisms 

either directly or indirectly must be strictly 

controlled. 
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EVALUATION OF MICROBIOLOGICAL HAZARDS 

Like other aerosols, microorganisms can be 

collected from the air through the use of a 

number of air sampling procedures. Microorganism 

can be collected by impingement in liquids, im­

paction on solid surfaces, filtration, sedimenta­

tion, centrifugation, and electrostatis precipita 

tion. They must then be cultured in traditional 

fashion for identification and quantification. 
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PROPER LABORATORY PROCEDURES 

General Precautions 

The same general precautions that are 

required in any science laboratory using hazard­

ous chemical compounds are required in any 

laboratory in which microorganisms are studied 

or used. The following precautions must be 

observed. 

(1) No food or drink should be stored, 

taken into, or consumed in the laboratory; 

(2) Only authorized employees or students 

should be allowed in the laboratory; 

(3) Students and instructors should wash 

their hands thoroughly before leaving the 

laboratory; 

(4) Smoking should not be permitted in 

the laboratory; 

(5) Extraneous items such as books, coats, 

and umbrellas should be left outside the 

laboratory; 

(6) Protective clothing should be worn 

where necessary, and should be carefully disposed 

of. 
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These general precautions are designed to 

minimize the possibility of accidental infection 

of both the laboratory personnel and of any out-

siders who come in contact with them. 

Specific Laboratory Procedures 

A number of specific laboratory operations 

which deserve special attention when micro-

organisms are involved will be covered below. 

Pipetting 

The greatest hazards of pipetting are 

(1) the production of aerosols, (2) accidental 

ingestion of fluid, and (3) contamination of 

the mouthpiece. Hazards (2) and (3) can be 

remedied by using a pipetting bulb or other 

device available. The mouth then does not have 

to be anywhere near the pipet. If one of these 

devices is not available, the pipet should be 

plugged with cotton between the liquid level and 

the mouthpiece. Plugging the pipet with cotton 

is recommended even if a pipetting device is 

used. 
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Pipets should be handled carefully to 

minimize the hazard of aerosol generation. 

The pipet should never be used to bubble air 

through a contaminated liquid. Liquid should 

never be forcefully blown out of the pipet. 

The pipet should always be discharged, if 

possible, with the tip below the surface of the 

receiving liquid. Immediately after use con­

taminated pipets should be immersed in a 

germicidal solution, and then autoclaved before 

reuse. 

Syringes 

The hazards which are common to syringe use 

are (1) accidental inoculation, and (2) aerosol 

production. 

Accidental inoculation must be carefully 

guarded against. If animals are to be inoculaUrl 

care must be taken to restrain the animals and 

prevent them from bumping the syringe. 

Only syringes with locking needles should 

be used for work with pathogenic organisms. If 

a non-locking needle should happen to come off, 

~------------------------~------------------------------------------------~ 
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a very hazardous aerosol can be generated. 

Ideally, disposable syringes with a perma­

nently affixed needle should be used. Excess 

liquid or air bubbles should be expelled 

vertically from a syringe into a piece of cotton 

moistened with a disinfectant. A syringe should 

never be used for mixing liquids by forcefully 

expelling a liquid from the syringe into another 

liquid. When a syringe is used to transfer one 

liquid to another, the tip of the syringe should 

always be placed below the surface of the re­

ceiving liquid before a liquid is discharged. 

After use, syringes should be placed in a con­

tainer of disinfectant and then autoclaved. 

Students and instructors must take great 

care when manipulating syringes. The hand 

should never touch the needle and hub or the 

shaft of the plunger. These areas are often 

contaminated in normal use. 

Inoculating Loops 

Inoculating loops mUst be used with care. 

The film held by a loop may break and cause 
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substantial atmospheric contamination. A hot 

loop may cause a liquid to spatter when it is 

inserted into it. \.Jhen a contaminated loop is 

inserted into a flame for sterilization, an 

aerosol may be generated by boiling and vola­

tilization of the material before the flame 

can kill all pathogenic microorganisms. 

Liquid cultures should never be agitated 

by inoculating loops because of the possible 

production of aerosols. Loops should be al­

lowed to cool before insertion into liquids. 

This may require the use of more than one loop 

so that as one is being used others are cooling. 

Whenever inoculating loops are being used, 

any actions that might result in the generation 

of an aerosol - jerky movements, shaking of the 

loop, agitating liquids - must be avoided. 

Centrifuging 

Centrifuges are commonly used in science 

laboratories to separate cellular material from 

the suspending liquid medium. If the cellular 

material consists of pathogenic microorganisms, 
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exceptional. care must be taken with all phases 

of the operation. 

Glass tubes used to hold cultures may break 

in the centrifuge. This may result in large 

numbers of microorganisms being spread through­

out a laboratory. All glass tubes used in the 

centrifuge should be carefully inspected for 

cracks and flaws before use. The inside of the 

metal centrifuge cup should be inspected for 

roughness also before use. One way of minimizing 

the effects of tube breakage is to fill the space 

between the glass tube and the metal cup with a 

germicidal solution. If a tube does break, the 

germicidal solution will tend to nullify the 

effects of the breakage. 

Handling Embryonated Eggs 

Eggs that are infected with viruses can be 

extremely dangerous. The inoculation procedure 

itself can generate a hazardous aerosol in many 

ways. The infected egg contains an extremely 

concentrated virus population. The egg shell 

provides little protection and is readily 
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20 CFR 19l0.145(j) 

breached. Infected eggs should be handled only 

in a ventilated safety cabinet. 

Safety Cabinets 

Microbiological safety cabinets are 

specially designed fume hoods for use with 

pathogenic microorganisms. They may be designed 

with a small open work area or with a totally 

enclosed work area. Air velocity across the 

open face should be greater than or equal to 

200 feet per minute. All air exhausted through 

these cabinets must pass through an absolute 

filter before it is emitted to the atmosphere. 

It is recommended that all operations involving 

pathogenic organisms be performed in a safety 

cabinet. 

Signs 

The Occupational Safety and Health Adminis­

tration (OSHA) of the U.S. Department of Labor 

requires the posting of a biological hazard 

warning sign to "signify the actual or potential 
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presence of a biohazard and to identify equip-

ment, containers, rooms, materials, experimental 

animals, or combinations thereof, which contain 

or are contaminated with, viable hazardous 

agents." 

The term "biohazard" is defined as meaning 

only those infectious agents which present a 

risk or potential risk to the well-being of man. 

Exhibit 10-2 presents the recommended bio­

hazard warning sign. The symbol design must be 

colored a fluorescent orange or orange-red color. 

The background color is optional as long as it 

presents sufficient contrast to the symbol. 

Blood Letting Experiments 

Experiments involving observation of human 

blood cells or blood typing necessarily require 

a source of human blood. Blood letting experi­

ments can be very safely conducted if the 

following rules are followed. 

(1) Conduct the blood letting experiment 

in a neat. clean and sanitary facility. 

(2) Only the instructor should perform the 
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puncturing of the student's finger. 

(3) Cleanse the area to be punctured with 

soap and water and rinse well. Then cleanse 

with 70% isopropyl alcohol and dry with sterile 

cotton or gauze pads. 

(4) Puncture finger with sterile, dis-

posable lancet. 

(5) Hold finger over a clean microscope 

slide and let blood drip onto slide making sure 

there is no contact of the two. 

(6) Cleanse finger with alcohol again upon 

completion of sample collection. 

(7) Hold sterile gauze or cotton on area 

until bleeding stops or about 3-5 minutes. 

If these few suggestions are followed, a 

safe and healthy lab experiment can be conducted. 

Miscellaneous 

When tubes containing cultures are agitated, 

care should be taken to avoid contaminating the 

tube caps or cotton plugs. If the closure is 

contaminated, an aerosol can be generated when 

the c@ or ~lu~ is removed 
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Care should be taken in handling culture 

tubes and petri dishes that are stored in 

incubators, refrigerators, and freezers. 

Broken tubes or dishes in any of these storage . 
devices can result in rapid dissemination of in-

fectious aerosols. It is a good practice, if 

possible. to place glass culture containers in 

a secondary, unbreakable container. 

If pathogenic microorganisms are going to 

be used in a school science laboratory, there 

must be some facility for pterilizing or disin-

fecting laboratory equipment. All material used 

must be sterilized even if it is going to be 

disposed of. Sterilization and disinfection 

procedures are recommended even with non patho-

genic organisms. Heat is considered to be the 

most effective sterilizing agent. Some gases car 

Everett (1975) be used for sterilization purposes, but they re-

quire careful handling and may present dangers 

themselves. Liquid disinfectants or germicidal 

agents generally have limited effectiveness and 

should not be relied on for complete steriliza-

tion. 
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ANIMAL CARE AND HANDLING 

All animals used in experimental research 

should be treated in a humane fashion. The 

animal care facilities should be kept clean, 

vermin should be controlled, wastes must be re­

moved, and the concentration of pathogenic 

microorganisms kept to a minimum. 

Animals can contract diseases from human 

beings. Such diseases as salmonellosis, in­

fluenza, tuberculosis, and infectious hepatitis 

can all be transmitted from man to animals. Any­

one working with experimental animals must stay 

away from them if they are infected with any 

disease-causing microorganisms. 

Conversely human beings can contract 

numerous diseases from infected animals. In­

fected animals can transmit disease to healthy 

animals. Any animal suspected of being ill 

should be isolated from other animals. 

Animals should be handled very carefully. 

Students and instructors should never place their 

bare hands in an animal cage. Gloves should 

always be worn when handling animals. Cages 
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should be sterilized before and after placing 

animals in them. All feeding devices and 

bedding materials must be sterilized as well. 

Access to animal care facilities must be 

strictly limited to those individuals directly 

concerned with their care. 
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EXHIBIT 10-1: MICROORGANISMS AND THE DISEASES THEY CAUSE 

Microorganism 

Bacteria 

Viruses 

Fungi 

Rickettsiae 

Protozoa 

10-22 

Human Disease 

Diptheria 
Tuberculosis 
Rheumatic Fever 
Pneumonia 

Chicken Pox 
Measles 
Mumps 
Poliomyelitis 

Athlete's Foot 
Systemic Mycosis 

Typhus 
Q Fever 
Rocky Mountain Spotted Fever 

Schistosomiasis 
Malaria 
Giardiasis 



EXHIBIT 10-2: BIOHAZARD SIGN 

CAUTION 

BIOLOGICAL 
HAZARD 

Visitors and Personnel not Assigned to this 
Area Contact: 

Ext: aefore EnterlnK. 
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METHODS 

PURPOSE 

OBJECTIVES 

SPECIAL 
TERMS 

SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

VENTILATION NO. 11 

Lecture and Discussion LENGTH 30 Minutes 

Provide background information on the characteristics, 
requirements, and testing of laboratory ventilation. 

Enable the teacher to ... 

1) Specify the characteristics and requirements of 
his/her laboratory ventilation systems. 

2) Perform calculations on atmospheric concentrations 
of airborne contaminants. 

3) Recommend needed improvements in laboratory 
ventilation to school administrators. 

Dilution ventilation 
Exhaust ventilation 
Face velocity 

Time-Wei~hted ~verage (TWA) 
Velometer 

Permissible Airborne Concentration (PAC) 
Smoke tube 
Threshold Limit Value (TLV) 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

Lesson Plan 
Slides 

Note-taking 

11-1 

Chalkboard, Chalk, Eraser 
Projector (3Smm) and Screen 
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INTRODUCTION 

The installation of effective and 

adequate ventilation systems for secondary 

school science laboratories should be at the 

top of the list when new school laboratories 

are constructed or old laboratories are re-

modeled. 

Science laboratory ventilation systems 

have two major components: 

(1) A system of laboratory hoods which 

provides a specified number of volume changes 

for a relatively small volume of space; 

(2) The general heating and cooling 

system which conditions the room air and may 

provide a specified number of volume changes 

for the room or building. 

If the school building does not have a 

forced air heating system, a third ventilation 

component system, a make-up air system, might 

be necessary. Exhaust hoods remove air from 

buildings. The air should be replaced at a 

rate equal to or slightly less than the rate at 
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which it is removed. This is the function of 

the make-up air system. 

The function of a laboratory hood system is 

to capture, contain, and expel any emissions 

generated by any operation carried out in the 

hoods. 

The function of the heating and or cooling 

system is to serve as a general dilution system 

and a make-up air system. This system must 

provide enough room atmosphere changes to dilute 

the atmospheric concentrations of hazardous 

materials in the room to a safe level. 
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INDUSTRIAL REQUIREMENTS 

The one parameter of hood operation that is 

most commonly used to evaluate the performance 

of the hood is the face velocity. The face 

velocity of the hood is the average velocity of 

the air in feet per minute (fpm) in a direction 

perperndicular to the plane of the hood opening. 

The following organizations specify face 

velocities for laboratory fume hoods: 

(1) American Conference of Governmental 
Industrial Hygienists 

(2) U.S. Occupational Safety and Health 
Administration 

(3) American National Standards Institute 

(4) American Chemical Society 

(5) National Institute for Occupational 
Safety and Health 

Exhibit 11-1 contains a list of the 

recommending organizations together with their 

recommendations. The required hood face velocity 

will vary between 100 and 150 feet per minute 

depending on whether the hood is used for rou-

tine operations or hazardous operations. 
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Routine operations are those which involve 

the use of low toxicity materials; e.g., ethanol, 

or small quantities of moderately toxic materials. 

e.g., ethyl acetate, ethyl ether. Low toxicity 

The TLV (Threshold Limit materials are those with a TLV (TWA) greater 
Value) concept is dis-
cussed later in the section than or equal to 500 ppm. Moderately toxic 
on Health Problems. 

Definition of hazardous 
operations 

materials are those with a TLV between 100 and 

500 ppm. 

Hazardous operations are those which involve 

the use of large quantities of moderately toxic 

materials or any quantity of highly toxic mater-

ial; e.g., any material with a time-weighted 

average exposure limit to 100 parts per million 

or less, any carcinogen, or any pathogenic 

microorganism. 
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SAFETY PROBLEMS 

In conjunction with the current interest 

in health and safety problems originating from 

chemical compound exposures, there has been an 

upsurge in interest in the proper design and 

construction of fume hoods. Specific hood de­

signs are available for many different types of 

hood use - corrosive'materials, flammable 

materials, explosive materials. Health and 

Safety problems originate when a particular 

hood is misused. 

Misuse can occur when a hood is used for a 

purpose for which it was not designed, when it 

is placed in the wrong position in a laboratory, 

or when it's air flow is unknowingly restricted. 

Chemical Storage 

A typical example of hood misuse is the 

storage of toxic and flammable chemical reagents 

in fume hoods. Fume hoods do not provide secur­

ity, or protection against fire. In schools 

they are normally shut off at the end of the 
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class, and this does not provide 24-hour per 

day, seven day per week vapor removal. 

Hood Placement 

Hood efficiency is also dependent on place­

ment in the laboratory. If the hood is located 

close to a door, drafts will often cause serious 

problems with the airflow patterns in the hoods. 

Even the disturbances in air flow patterns re­

sulting from people walking past the front of 

the fume hood can reduce the efficiency of the 

hood. 

Restriction of Air Flow 

If the air supply of a hood is restricted, 

it will not perform up to design specifications. 

An air flow restriction can occur when the make­

up air supply is not sufficient, when the motor 

performance drops, or when the air ducts become 

partially plugged or corroded. 

If the make-up air supplied to the labora­

tory does not equal the design air flow through 

the hood, the air flow through the hood will be 
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reduced. 

Decreases in motor performance occur as a 

result of slipping belts or voltage drops in 

the electrical supply. If the motor is operatinE 

at fewer revolutions per minute, the quantity of 

air exhausted by the fan will be reduced. 

Other sources of poor hood performance are 

plugged ductwork and corroded ductwork that has 

leaks in it. Horizontal duct runs are sus-

ceptible to plugging by dirt and dust. They 

should be inspected and cleaned regularly. The 

dirt cuts down the cross-sectional area of the 

duct and reduces the air flow. Ducts which have 

holes from corrosive acids will allow the in­

filtration of large quantities of air which 

reduces the quantity of air pulled through the 

hood. Corroded ductwork should be replaced 

immediately. 

Commercial Hoods 

There are commercial hoods available for 

general laboratory use, for use with flammable 

solvents and gases, for use with perchloric 

acid, for use with biological materials, and for 
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highly corrosive materials. 

Whoever has the responsibility for purchas-

ing fume hoods must evaluate the needs of the 

particular laboratory vlhich requires the hood. 

Substantial costs can be saved by purchasing 

the least expensive hood which will do the job 

while providing adequate safety and health 

protection. 

Laboratory Operations 

Laboratory operations should be carried out 

in hoods known to be capable of handling that 

particular operation. Highly flammable solvents 

should be used only in hoods that contain ex-

plosion-proof electrical fixtures and non-

sparking fans and motors. Perchloric acid 

should be used only in hoods constructed of 

appropriate materials and containing a washdown 

system. It is the responsibility of the in-

structor to determine the capabilities of the 

particular hood(s) with which his laboratory is 

equipped. Misuse of a hood can result in severe 

injuries to personnel and extensive damage to 

property. 
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HEALTH PROBLEMS 

School instructors have always been aware 

of the common laboratory safety hazards. A 

safety incident nearly always results in a 

rapid, traumatic, personnel injury or in sub­

stantial, visible property damage. Health 

problems are more insidious. They are frequently 

of a chronic nature and may not become apparent 

until long after the exposed individual has left 

the vicinity of the exposure. 

Threshold Limit Value Concept 

In an attempt to provide realistic chemical 

exposure guidelines, the American Conference of 

Governmental Industrial Hygienists (ACGIH) 

publishes a booklet which is updated annually 

and which contains allowable atmospheric con­

centrations of many chemical compounds. The 

booklet is entitled "TLVs, Threshold Limit Values 

for Chemical Substances and Physical Agents in 

the Workroom Environment." A threshold limit 

value (TLV) is an atmospheric concentration 

which represents the maximum average atmospheric 
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concentration to which a worker may be exposed 

over a normal eight-hour day, forty-hour week 

work cycle. 

Many of the ACGIH TLVs have been incorpor-

ated into the permissible exposure limits (PEL) 

contained in the OSHA regulations. The proper 

interpretation of the TLVs or PELs is a highly 

technical endeavor and actually requires a 

separate course in itself. In those school 

systems which are amenable to the OSHA regula-

tions, knowledge of the PELS and their inter-

pretation may be essential to the operation of 

a safe and litigation-free laboratory operation. 

Calculations 

TLVs or PELs are numerical concentration 

values expressed in parts per million (ppm) and/ 

or milligrams per cubic meter (mg/m3). Atmos-

pheric concentration values are determined 

empirically by sampling known quantities of air 

and analyzing the samples. 

Most TLVs and PELs are time-weighted 

average (TWA) values. Very rarely is a single 

individual ever exposed to a completely uniform 
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atmosphere. The concentrations of airborne 

materials fluctuate unpredictably, and the time 

weighted average approach is used to determine 

the average concentration an individual is ex-

posed to over a given period of time. Since 

the TLVs and PELs are designed for workers, the 

time base for TWA calculations is eight hours. 

This concept is best explained by a sample 

calculation. If an individual is exposed to 

50 ppm xylene for one hour, 200 ppm xylene for 

three hours, and 250 ppm xylene for four hours, 

the TWA would be calculated according to the 

following formula: 

TWA = C T + Cb\ + .. +C T 
a a n n 

8 

where C = Concentration of material n 

T = n Time, in hours, or exposure to Cn · 

For the case described above, the TWA would be 

calculated in the following fashion: 

TWA = 50(1) + 200(3) + 250(4) 
8 

= 206.2 ppm 

This is well over the TLV of 100 ppm. 
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Generally, school science laboratories do 

not possess the sophisticated equipment neces-

sary for the sampling and analysis of atmospheres 

Instructors can calculate atmospheric concen-

trations for volatile solvents if they can 

estimate the amount evaporated, by using the 

following formula: 

C = 24.5xl06 (VL)(~L) 

VR (MW) 

where C = Concentration of solvent in room air 
in parts per million 

VL= Volume of liquid solvent evaporated 
in millimeters 

~L = Density of liquid solvent in grams 
per millimeter 

VR = Volume of room in liters 

MW = Molecular weight of solvent in grams 
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PROPER HOOD OPERATION 

Effective hood operation is not merely a 

function of installing a large enough fan to 

pull air through the system. Many other factors 

must be taken into consideration. 

Face Velocity Requirements 

The face velocity requirements for the two 

use classes, routine and hazardous, were dis­

cussed above. Face velocities are extremely 

i'nportant. Failure to maintain the required 

face velocities may result in the diffusion of 

hazardous chemical compounds back into the 

laboratory atmosphere. 

Air Supply Requirements 

One key factor in hood operation that is 

frequently overlooked is that any air exhausted 

from a room must be replaced. This air that 

must be supplied is called make-up air. The 

method of supplying make-up air will control, to 

a certain extent, the efficiency of the hood 

operation. 
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One method of air replacement is infiltra­

tion into the room containing the hood through 

open windows and doors. If the doors and win­

dows are closed, the air must come in through 

any available opening. This can result in doors 

being difficult to open, and a loss of hood 

efficiency. If the school laboratory contains 

several hoods, a make-up air supply should be 

provided for the room. 

Many hoods are designed to supply part of 

the air which sweeps the interior of the hood 

directly from the outside. These hoods are often 

called make-up air hoods. By reducing the amount 

of tempered (heated or cooled) air that is with­

drawn from the laboratory room, make-up air hoods 

conserve energy. 

Fume hoods are also very susceptible to 

placement in the laboratory. This concept was 

discussed earlier. 

Materials of Construction 

Hood interiors are commonly constructed of 

plastic materials, stainless steel or asbestos 
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sheet. All these materials have their good and 

bad points. The plastic materials are easy to 

clean and relatively inexpensive, but they are 

subject to attack from a variety of chemicals. 

The stainless steel hoods are extremely expen­

sive and are also subject to attack by a number 

of chemicals. The asbestos sheet is resistant to 

most chemicals, but it is very difficult to 

keep clean. 

Certain laboratory operations require the 

use of special hoods. Perhaps the most common 

operation which requires a special hood is the 

use of perchloric acid for the dissolution of 

organic or inorganic materials. Perchloric acid 

forms explosive perchlorates upon dehydration. 

It should never be used in any hood that is not 

constructed of essentially sea~less stainless 

steel. The hood must also be equipped with wash 

down facilities. It is unlikely that these 

facilities would ever be needed in school labora­

tories, but all science teachers should be aware 

of the need for specialized facilities for use 

with certain chemical reagents or products. 
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Hoods are also being supplied by various 

manufacturers with different types of more 

exotic coatings. These specialized coatings 

increase cost without necessarily increasing 

hood performance or safety. The best source of 

information on these materials is the manu­

facturer himself. 
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TESTING OF HOODS AND 
VENTILATION SYSTEMS 

NO. 11 

The testing of hoods and ventilation sys-

tems can be a very complex business. In the 

preceeding sections, some of the face velocity 

requirements for laboratory hoods were discussed 

as well as the importance of maintaining these 

recommended velocity values over the life of 

the hood. As hood systems age, face velocities 

may undergo drastic changes. Ductwork corrodes, 

fan blades bend and break, and ducts clog. All 

of these phenomena have the effect of reducing 

face velocity in the hoods. Frequently new 

hoods are added to an existing system, but the 

fan capac-ity is not increased. The fan still 

exhausts the same volume of air, but now must 

do so through more openings. This results in a 

decreased flow and face velocity through each 

opening. 

Swinging Vane Anemometer 

Face velocities in hoods are commonly mea-

sured with a swinging vane anemometer commonly 
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known as a velometer. The velometer translates 

air pressure into a velocity reading on a 

calibrated scale. The instrument is capable 

of measuring velocities as low as 50 feet per 

minute (fpm). 

Another device for testing the effective­

ness of hoods is the smoke tube. The smoke tube 

is a glass tube which contains a granular medium 

on which is adsorbed titanium tetrachloride. 

When air is passed through the tube, the moisture 

in the air reacts with the titanium tetra­

chloride to form hydrochloric acid smoke. Ob­

viously no attempt should be made to inhale 

this "smoke." Smoke tubes are most useful in 

visualizing flow patterns. They can be used to 

measure face velocities by timing the rate of 

flow over a known distance, but this is a very 

crude method of velocity estimation. 

There are no other recommended techniques 

for rapidly determining the operating parameters 

of a hood system. Using other rule-of-thumb 

methods may result in a highly inaccurate 

velocity estimate which may result in further 

legal liability. 
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LOCAL INSTRUMENT EXHAUST SYSTEMS 

In the design of any new laboratory 

facility or in the remodeling of an old facility, 

it is recommended that provisions for flexibility 

in the exhaust system be made. The need for 10-

cal exhaust ventilation occurs frequently in a 

laboratory operation. Many laboratory instru-

ments and experiments generate quantities of 

toxic gases and vapors which should be removed 

at the point of generation. 

Instruments using flames often generate 

large quantities of combustion products and may 

pass varying amounts of toxic chemicals such as 

arsenic, mercury, and lead into the atmosphere if 

the equipment is being used to analyze for those 

particular elements. 

Local exhaust ventilation is not a necessity, 

but it is a device that the laboratory instructor 

should be aware of and should use when necessary. 
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RECIRCULATION OF LABORATORY ATMOSPHERES 

Frequently in the design of laboratory 

facilities, poor judgement is exercised in the 

placement of exhaust stacks for hoods. Exhaust 

stacks should not be placed in the vicinity of 

building air intakes or upwind of any building 

air intakes. If these criteria are not ad­

hered to, hazardous materials that are initially 

contained in a hood system and exhausted may 

find their way back into the general building 

atmosphere. 

General heating and air conditioning prac­

tice is to recirculate much of the air inside 

a building to minimize the amount of energy 

needed to heat or cool 100 percent outside air. 

When laboratory air is recirculated, there is 

a very real possibility of a build-up of toxic 

materials occurring in the atmosphere. There 

is little an instructor can do in these situa­

tions other than to be aware of the possibility 

of recirculation problems occurring in labora­

tory situations. This is a problem which the 

instructor should pass on to the administration. 
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GENERAL PURPOSE SCIENCE ROOM VENTILATION 

General purpose ventilation.serves two 

main functions. It serves to dilute the atmos-

phere in a given room and also to condition 

(heat or cool) the air in a given room. Aside 

from the obvious reason of heating and cooling 

a building, air must be introduced to compensate 

for the oxygen removed and carbon dioxide pro-

duced as a result of normal respiration. In 

most situations, sufficient air for this purpose 

will enter by infiltration through cracks, open 

doors, and windows. 

Dilution ventilation is a recognized tech-

nique for controlling atmospheric concentrations 

of hazardous materials. In the absence of a 

hood system, dilution ventilation must be used 

to keep atmospheric concentration below the 

danger level. Dilution ventilation refers to 

the dilution of contaminated air with uncon-

taminated air in a room or building for the pur-

pose of health hazard control. 

The volume of air required to dilute con-

taminated air can be calculated. If a particular 
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volatile solvent is being used in a room with 

no hood system, the amount of air required to 

dilute the room air can be calculated with the 

following formula: 

Cubic feet of dilution = 403xG xN xKxl0 6 
s x 

MWs x TLVs 

where Gs = Specific gravity of the solvent 

Ns = Number of pints of solvent 
evaporated per hour 

K = Safety factor which varies between 
3 and 10 and is dependent on the 
nature and toxicity of the solvent 

MW = Molecular weight of the solvent s 

TLV = Threshold limit value of the solvent 
in ppm. 

The use of this formula presupposes that there 

is knowledge of the volume of solvent evaporated 

in a given time and of the magnitude of the 

safety factor. 
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EXHIBIT 11-1. RECOMMENDED MINIMUM AVERAGE HOOD FACE VELOCITIES 

IN FEET PER MINUTE (fpm) 

Organization 

American Chemical Society (ACS) 

American Conference of Governmental 
Industrial Hygienists (ACGIH) 

American National Standards 
Institute (ANSI) 

U.S. National Institute for 
Occupational Safety and Health 
(NIOSH) 

U.S. Occupational Safety and 
Health Administration (OSHA) 

Routine 
Operations 

100 

100 

100 

100 
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Hazardous 
Operations 

125-200 

150 

150 

150 

150 (average) 
125 (minimum) 
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NO. 12 

INSTRUCTION 

INTRODUCTION 

Fire has always been one of the attendant 

hazards of laboratory operation. Laboratories 

make frequent use of flammable materials includ-

ing solids, liquids, gases, and vapors. The 

potential for extensive property damage and 

severe personnel injury is very high in the 

science laboratory. The goal of every science 

instructor should be to reduce the chance of 

fire to the lowest probability possible. 

Elements of a successful fire control 

program include adequate and effective education 

of individuals, both students and instructors, 

in the hazards of fire; instruction of personnel 

in the use of fire extinguishing equipment; the 

use of proper laboratory procedures; the mainten-

ance of proper chemical storage facilities and 

the provision and maintenance of effective fire 

control equipment. 
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PROPER CHEMICAL STORAGE 

Proper chemical storage is a critical 

factor in any science laboratory fire control 

program. There is one cardinal rule to be 

observed in acquiring and storing chemical com­

pounds - chemical reagents should be purchased 

and stored in the smallest quantities possible. 

Purchasing philosophies generally require that 

materials, be they chemical reagents or nuts and 

bolts, be purchased in the most cost-effective 

manner. For chemical reagents, cost-effective is 

synonymous with large quantity and large packages. 

Cost should not be a factor in the acquistion of 

chemical reagents for the high school science 

laboratory. Safety and health considerations are 

much more important. 

Safety and health considerations demand 

that only the amount of chemical reagent actually 

required in the foreseeable future (2 months) be 

stored in a science laboratory. Most chemical 

reagents can be delivered by supply houses in 

24 to 48 hours in most areas of the country. 

The two month period is a recommendation and not 
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a legal requirement. 

Safety Cans 

Many research laboratories use "safety 

cans" for storing flammable liquids. Safety 

cans are stainless steel or coated steel cans 

designed to minimize the probability of ignition 

of flammable vapors and avoid the accidental 

breakage of a flammable liquid container, 

usually glass, which may occur in the typical 

science laboratory. 

Safety cans are equipped with spring loaded 

closures and have flame arrestors in the spout. 

The flame arrestor consists of a baffle screen 

which smothers any flame before it can enter the 

can. 

Safety cans do have certain characteristics 

which tend to inhibit their use in some schools. 

They are costly, and they generally cannot be 

used to store high-purity flammable liquids. 

Purity should not be a critical factor in school 

science laboratories. Cost may be a factor, but 

the potential fire hazard presented by flammable 

liquids should justify the relatively small 
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additional cost of safety cans. 

Safety cans are carefully designed to pro­

vide protection against fire. They should not 

be modified in any fashion for the purpose of in­

creasing the filling or dispensing rate of the 

can. 

Safety cans are available from a large 

number of domestic manufacturers. 

Flammable Liquid Cabinets 

Flammable liquid cabinets are often used in 

science laboratories to provide both protection 

against fire and security against improper 

chemical usage. Safety cabinets can be made of 

double-walled steel construction or of wood. 

They may be equipped with locks to secure the 

contents and with plumbing connections which 

permit the connection of the cabinets to a 

forced-air ventilation system. 

The National Fire Protection Association 

Flammable Liquids Code, NFPA30 - 1973 allows the 

use of both wooden and steel cabinets. 

According to the NFPA, cabinets should be 

designed so that the internal temperature does 
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not exceed 325°F when subjected to a ten minute 

fire test using the standard time-temperature 

curve specified by NFPA. The code requires that 

the bottom, top, door, and sides of steel cab­

inets be double-walled with at least a 1.5 inch 

air space between the walls. 

NFPA 30 and the OSHA regulations also con­

tain specifications for the construction of 

wooden cabinets. Tests made by the Los Angeles 

Fire Department have shown properly constructed 

wooden cabinets to be at least as effective, 

and in many cases better, than the steel cabinets. 

The NFPA specifies that all wood cabinets 

used for the storage of flammable liquids be 

made of an approved grade of plywood at least 

one inch thick with joints constructed in a 

certain manner. The Los Angeles Fire Department 

specifies that wood cabinets used for the storage 

of "dangerous chemicals" be constructed of wood 

at least two inches thick, and wood cabinets 

used for the storage of flammable chemicals be 

at least one inch thick. 

The NFPA code specifies that not more than 
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60 gallons of flammable or 120 gallons of com­

bustible liquids may be stored in a storage cab­

inet. 

A flammable liquid is any liquid having a 

flash point below 100°F and having a vapor 

pressure not exceeding 40 pounds per square inch 

(absolute) at 100°F. 

A combustible liquid is any liquid having 

a flash point at or above 100°F. 

Flammable liquid cabinets provide a con­

venient method for storing flammable and toxic 

chemicals when a central storage facility is not 

available. 

Explosion-Proof Refrigerators 

Refrigerators are common accessories in 

school science laboratories. Refrigerators are 

used to store biological materials as well as 

highly volatile chemical reagents. Highly 

volatile organic solvents must not be stored 

in standard domestic refrigerators. Many 

refrigerators have exploded when flammable vapors 

have been released and have been ignited by a 

sparking thermostat. 
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Refrigerators for flammable liquid storage 

in the laboratory are available in two special 

designs - "explosion-proof" and "explosion-safe". 

In explosion-proof refrigerators, the electrical 

components are enclosed in explosion-proof hous­

ings both inside and out. Hence they may be 

used to store flammables and also can be used 

where flammable vapors can be present on the 

outside of the unit. Explosion-safe models have 

no ignition sources on the inside but are not 

suitable for use in areas where flammable vapors 

can be present on the outside. The latter is 

less expensive and is usually adequate for a 

school laboratory. 

Standard domestic refrigerators cannot be 

satisfactorily modified to be safe for flammable 

liquid storage. 

Storage Rooms for Flammable Liquids 

School science laboratories sometimes have 

specially built rooms or special buildings for 

the stroage of flammable chemicals. A special 

isolated storage room is recommended for labora­

tory facilities that stock over 50 gallons of 
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flammable liquid. This is strictly a recommenda-

tion and not a legal requirement. 

There are no Occupational Safety and Health 

(OSHA) standards which specify when an inside 

storage room is to be used. 

Powered mechanical exhaust systems must be 

provided for storage rooms in which liquids with 

flash points below 100 0 are stored. The exhaust 

rate should be one cubic foot per minute of ex-

haust per square foot of floor area, but not less 

than 150 cubic feet per minute. The intake must 

be located within 12 inches from the floor. 

OSHA regulations require that inside storage 

rooms have at least one clear aisle with a mini-

mum width of three feet. 

The exit(s) for the inside storage room 

must be clearly marked and not blocked in any way 

OSHA regulations or NFPA30 should be consulted 

for other important design factors. 

FIRE EXTINGUISHERS 

Fire extinguishers are commonly found in 

school buildings because they are required by 

law. This does not mean that the right fire 
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extinguishers are found in the proper places, 

however, or that the teachers and students know 

how to use them. Successful fire control in 

the school laboratory is often a matter of 

having the proper fire extinguisher and some­

one who knows how to use it. 

There are four recognized classes of fires: 

Class A, Class B, Class C, and Class D. Class A 

fires are those which occur in ordinary combus-

tible materials including wood, paper, cloth, 

and plastics. Class B fires are those which are 

fueled by flammable liquids - gasoline, mineral 

spirits, alcohol, etc. Class C fires are fires 

originating in electrical equipment. Class D 

fires are those fueled by combustible metals 

such as sodium potassium and magnesium. 

Fire extinguishers are labeled with an A, 

B, C, or D or any combination of the designations 

to indicate which classes of fires they can be 

used to extinguish. The labels on extinguishers 

also contain directions for their use. The 

instructor and students should be familiar with 

the operating instructions for all fire extin-
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guishers in the laboratory. 

Class A fires can be extinguished with 

water, dry chemical, or halogenated hydrocarbon 

(halon) portable extinguishers. The ABC dry 

chemical unit is extremely effective and is pre­

ferred. Water may also be quite adequate and 

avoids the undesirable deposit of powder on all 

nearby surfaces. 

Class B fires can be extinguished by car­

bon dioxide, dry chemical or halon extinguishers. 

Carbon dioxide extinguishers are excellent for 

small flammable liquid fires when properly used. 

In unskilled hands the carbon dioxide discharge 

may result in the burning liquid being spread. 

For larger Class B fires, either BC or ABC dry 

chemical extinguishers are highly effective. 

Class C fires, in electrical equipment, can 

be extinguished by carbon dioxide, halon, or dry 

chemical extinguishers AFTER THE CURRENT HAS BEEN 

SHUT OFF. Water should be avoided because it is 

a conductor. 

Class D fires require special extinguishing 

agents applied from an extinguisher or shoveled 
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from a bucke.t. Sodium and other such metals may 

react with carbon dioxide or ha1ons. 

Proper location of extinguishers is criti­

cal. They must be near enough to procure and 

use without delay - generally 50 feet or less. 

They should all be located at room exits, not 

deep in the room. Hhen a person goes for an 

extinguisher he should be going toward safe 

egress. 

Recharging of Extinguishers and Reserve Supply 

All pressurized fire extinguishers must 

be monitored to ensure that the pressure is 

sufficient to provide the necessary propulsive 

force for the contents of the extinguisher. 

Nearly all commercial extinguishers have pressure 

gauges which indicate the current status of the 

extinguisher charge. Most extinguisher users 

contract out the inspection and recharging of 

extinguishers. Inspections of extinguishers are 

made on a regular basis by the contractor, and 

those that require recharging are recharged. 

Recharging can be done on-site or at a 

remote location. If the extinguishers are re-
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moved from the school or laboratory area, a 

reserve supply of extinguishers may be necessary 

to maintain protection at the required level. 

OSHA regulations require that extinguishers 

be checked monthly to see that they are in place, 

their seals are unbroken and they are accessible. 

PROPER LABORATORY PROCEDURES 

Fire can easily occur in any laboratory. 

An understanding of the nature of fire is essen-

tial if a proper and adequate fire control pro-

gram is to be established. In order for a fire 

to occur all of the necessary components that 

make up the fire reaction must be present. There 

are three components necessary for the vapor-

phase reaction called fire. These are: (1) a 

supply of fuel; (2) a source of heat or ignition; 

and (3) a source of oxygen. If any of the three 

components is absent, a fire cannot start or 

continue. 

Strict attention to the controllable com-

ponents in the laboratory will go a long way 

toward minimizing the chance of fire. The 

control of some fuels - flammable liquids - has 
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already been discussed. The presence of oxygen 

is, of course, one factor that generally cannot 

be controlled. All school science instructors 

should take great pains with controlling heat and 

ignition sources in the laboratory. 

Burners 

Gas burners commonly used in laboratories 

are indispensible for many purposes. Occasion­

ally they are used improperly. Flame burners 

must be treated as carefully as any other source 

of open flame and should be extinguished immedi­

ately if flammables are spilled or released. 

They should never be used as a source of heat for 

evaporating flammable liquids. 

Hot water baths and steam baths can often 

be used instead of burners when flammables are 

involved. 

Electrical Heating 

Where possible electric mantles and hot­

plates should be used whenever a source of heat 

is required in the laboratory. Electric heaters 

do not present the danger to personnel that an 
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open flame does. They will not, under ordinary 

circumstances, ignite hair or clothes. 

Hazardous Reactions 

Hazardous reactions are those operations 

which involve the combination of two or more 

chemical compounds or elements with a resultant 

fire, explosion, or evolution of toxic or 

noxious material. The number of potentially haz­

ardous chemical reactions is considerable. One 

manual lists approximately 3500 different chem­

ical reactions as being potentially hazardous. 

(NFPA No. 49lM, 1975). 

Unstable materials are sometimes present in 

laboratories but are rarely needed in school 

laboratories. They can decompose, polymerize, 

condense, or otherwise release energy when such 

self reactivity is initiated by heat, catalyst, 

or other means. 

Studying and listing all of the likely 

hazardous reactions is beyond the scope of this 

manual. Information on hazardous reactions can 

be found from the references listed at the end 

of this lesson. 
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Proper Clothing 

Both students and instructors should wear 

appropriate clothing in the science laboratory. 

When selecting clothing for laboratory wear, 

prime consideration is given to protecting the 

wearer against chemical contact. However, the 

ability of the clothing to protect the wearer 

against fire must also be considered. Fire is an 

ever present danger. Certain clothing materials 

are much greater fire hazards than others. The 

polyester fabrics will burn much more readily 

than cotton fabric will. 

Students should be encouraged to wear cot­

ton clothing whenever possible in the laboratory. 

Cotton lab coats provide some protection against 

fire. Many of the new, disposable lab coat 

fabrics burn quite readily despite the claims of 

the manufacturer. Any laboratory using these 

coats should thoroughly investigate their fire­

resistant properties before using them. 

Student Education 

Student education in fire control and fire 

protection in the laboratory is essential in the 
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operation of any school science program. 

Students must be educated in all aspects of fire 

control as well as the normal fire dangers 

inherent in laboratory operations. 

Teachers should have hands-on training in 

the proper use of various fire extinguishers. 

The local fire department would be happy to 

arrange a series of demonstration fires and give 

practive in extinguishment. 
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Enable the instructor to --

1) Know what is commercially available in the 
safety products line 

2) Understand the deficiencies in his or her own 
hardware selection 

3) Specify specific items of hardware to improve 
a laboratory safety and health program 

Safety shower 
Eyewash fountain 
Spill control package 
Grounding 

Lesson text 

35 mm slides 

Note-taking 
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NOTES 

Accessory equipment 

NO. 

INSTRUCTION 

INTRODUCTION 

This lesson covers laboratory hardware 

which includes both the accessory equipment 

available for use in the laboratory which is 

essential for the safety of the individuals 

working in the laboratory, and the equipment 

which comprises the laboratory itself, such as 

the electrical system, the lighting system, 

and the ventilation system. 

Accessory equipment includes· safety 

showers, eyewash fountains, spill control 

packages, fire extinguishers and miscellaneous 

safety equipment which might be found in any 

science laboratory. Some of this equipment 

has been covered in other sections of this 

manual. 

13-3 



LESSON 

NOTES 

Deluge safety showers 
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INSTRUCTION 

SAFETY SHOWERS 

Safety showers are essential components of 

any adequate science laboratory safety program. 

If, in any laboratory, the danger of caustic 

or acid burns, contact with toxic chemical 

reagents, or clothing fires exists, safety 

showers should be installed for the personnel 

of that laboratory. 

Safety shower heads must be a non-clogging 

deluge type to permit delivery of the large 

flow of.water needed to instantly cover a con­

taminated area of skin with a virtual flood of 

water. 

Safety shower valves are of two types, 

(1) a self-closing valve which remains open 

for about a minute each time it is opened, and 

(2) a full flow ball valve that remains open 

until it is closed. Actuating devices available 

include pull chain, pull rod and ring, and push 

panels. 

A good water supply is essential for a 

safety shower. The service line should be 

I inch pipe and supply pressure at the valve 
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should be no less than 20 pounds per square 

inch. 

Each shower should have a shut-off valve 

protected from tempering or unauthorized persons. 

Shut-off valves should never be left closed 

except while work is being done on the shower. 

Showers should be tested at least every' 

six months but preferably more often to ensure 

that they are functioning properly. Plumbing 

fixtures corrode and some shower heads plug up. 

In areas where the water hardness is high, the 

showers should be checked every month. Regular 

tests will reveal any problems which can then 

be corrected. 

Safety showers are available from a 

number of commercial firms. They are available 

in a variety of materials, the most common 

being brass, plastic, and stainless steel. 

Safety showers are commonly installed in 

corridors so that they can serve more than one 

laboratory. The number of showers to be in­

stalled and their locations must be given care­

ful consideration. Large laboratory rooms may 

require the installation of one or more showers 
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inside the r·oom rather than in the corridor. 

Of course safety showers should be immediately 

available in laboratory areas in which the chance 

for harm is much greater than in other areas. 

Areas in which substantial quantities of 

caustic materials or acids are used should have 

immediate access to a safety shower. There are 

no uniform, generally accepted requirements 

governing the installation, use and maintenance 

of safety showers. The following specifications 

governing shower installation have been reported 

in the literature as acceptable for most labora­

tory situations. 

1. Showers should be located no more than 

25 feet from the laboratory entrance. This 

specification obviously has to be modified by 

good judgement as mentioned above. 

2. Showers should not be located in the 

vicinity of electr~cal apparatus or power outlets 

or panels. 

3. The shower locations should be indi­

cated by painted circles or squares on the 

floor. This area should be kept clear. 
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4. Showers should be located near floor 

drains if possible. 

5. Showerheads should be located 7 to 

8 feet above the floor and a minimum of 

25 inches from the nearest wall. 

6. The shower valve should be operated 

by a ring and chain, triangle and rod, or chain 

arrangement. The ring and triangle must be 

large enough to allow the entire hand to fit 

inside and grasp the r~ng or triangle comfort­

ably. 

7. The shower flow rate should be between 

30 and 60 gallons per minute under a pressure 

of 20 to 50 pounds per square inch. 

8. The water service line should be I inch 

diameter minimum. 

9. No individual in the laboratory should 

have to travel further than 50 feet to reach 

a shower. 
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EYEWASH FOUNTAINS AND STATIONS 

Eyewash fountains are devices designed to 

provide a relatively gentle flow of aerated 

water to cleanse the eye of foreign substances. 

Eyewash fountains come in a number of 

configurations. They can be free-standing units 

or they can be part of an eyewash fountain 

safety shower combination. 

Eyewash fountains are actuated by push bars, 

push plates, or foot treadles. They are 

equipped with stay-open ball val~es so that the 

fountain user can use his hands to keep his or 

her eyes open while they are being irrigated. 

The recommended water supply pressure for 

eyewash fountains is 25 pounds per square inch 

(psi), and the recommended water supply tempera­

ture is IIOoF or less. Water warmer than IIOoF 

is too hot for comfort. Cold water, even ice 

water, is usuable for irrigation purposes. 

Also commercially available are hoses 

equipped with spray heads and hand-operated 

squeeze valves. These units are useful in 

addition to or in place of an eyewash fountain. 
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They are best locat.ed under a safety shower 

and should be· both visible and accessible in 

an emergency. 

Portable eyewash fountains are available 

which consist of the hose and spray head dis­

cussed above and a pressurized water tank. 

These units approximate a typical fire-extin­

guisher in size and-weight. They should be 

used if hazardous work must be performed in the 

field or any area in which eyewash fountains 

are not available. 

Other devices sometimes provided for 

cleansing eyes and which are used occasionally 

are eyewash stations, eyewash bottles, and 

chemical burn stations. Most are very in­

adequate. 

Eyewash stations consist of a wall bracket 

which holds a plastic bottle of dilute boric 

acid solution or wa~er. The bottle is usually 

equipped with a cup which fits over the eye. 

Eyewash bottles are plas~ic bottles 

equipped with special cups which fit over the 

eye. They can stand alone or be fitted into 

wall brackets. 
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Chemical burn stations consist of a 

wall bracket with a plastic bottle containing 

a ventral, phosphate butter solution. The 

bottle contents are poured into the eye. 

The devices just discussed - eyewash 

station, eyewash bottle, and chemical burn 

station - all have the disadvantages of being 

limited in cleansing capacity and difficult 

to find at the critical moment. They should 

never be considered as an alternate to eyewash 

fountains. Eye specialists favor water only 

and lots of it· for 15 minutes minimum as the 

proper first aid treatment for chemical splash 

in the eye. 

13-10 



LESSON 

NOTES 

NO.13 

INSTRUCTION 

SPILL CONTROL PACKAGES 

Some chemical manufacturers are producing 

spill control kits designed to minimize the 

harmful effects of a chemical spill by absorbing 

the chemical and restricting its movement 

across the laboratory floor. The kits usually 

consist of a pail containing a mixture of sand 

and soda ash. Floor drying compounds such as 

are used by garages are also cheap and effective 

for spill absorption. These kits can be easily 

made up by students and can be qn interesting 

student project. 
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NO. 13 
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ELECTRICAL SYSTEMS 

Electrical systems are generally outside 

of the scope of the average high school science 

teacher's area of responsibility. The electrical 

system is commonly the responsibility of the 

building architect and design engineer. Elec­

trical system maintenance is generally the 

responsibility of the school building maintenance 

people. However, each science teacher should 

learn the location of switches that would cut off 

power to his laboratory. 

Grounding 

The grounding of laboratory electrical 

systems and electronic instrumentation is 

essential for the safe operation of the labora­

tory. All new laboratory installations are or 

should be equipped with grounded electrical out­

lets. Older laboratories that are still equipped 

with ungrounded outlets should be modified as 

quickly as possible to provide an adequate and 

safe ground for electrical equipment. The up­

grading of laboratory electrical systems 
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deserves the highest priority and should .be 

supported to the utmost by all instructors. 

Before an instructor attempts to alter, 

modify or otherwise work with the grounding 

system, he should seek the advace of qualified 

individuals. This is a task better left to 

the school maintenance personnel. 

Testing 

Electrical systems and instrumentation 

can be checked for adequacy of ground. This 

should be done by a qualified individual, 

unless an .instructor is well versed in the 

testing of electrical systems. 

High Voltage in Instruments 

Nearly all electronic instrumentation used 

in the laboratory contains a high voltage sec­

tion in the instrument. Properly designed in­

strumentation should have interlock switches 

that serve to cut off electricity to the unit 

if the cabinet is opened while the instrument 

is still on. The voltages in the high voltage 
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sections of many instruments are capable of 

causing serious harm to any individual unfor-

tunate enough to encounter them. 

Precautions to be Followed in Dealing with 
Electrical Systems and Equipment 

1. Use extension cords only when absolutel, 

necessary and keep power cords as short as 

possible. Put them away after each use. 

2. Whenever current leakage is detected 

in a piece of equipment (shock or tingling 

feeling), pull the piece of equipment out of 

service immediately and send it out for repair. 

Insulation faults do not correct themselves; 

they get worse .. with time. 

3. Make sure that the addition of elec-

trical equipment to existing electrical systems 

does not overload that system. 

4. Do not handle electrical equipment 

with wet hands or perspiring hands or while 

standing on a wet floor. 

5. When checking electrical equipment for 

overheating, check only with.the back of Qne 

hand. If an electric shock is received, an 
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involuntary muscular contraction will not cause 

the individual to grab the piece of equipment. 
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LIGHTING SYSTEMS 

One element of laboratory hardware which 

is frequently overlooked is the lighting system. 

Illumination levels are critical because of the 

large variety of hazards which exist for the 

unwary in the average science laboratory. 

Hazards of Poor Lighting 

The hazards of poor lighting are self­

evident. At low levels of illumination, obvious 

dangers are not as readily seen. Eye discomfort 

and fatigue increase as a result of poor 

lighting. 'The increased stress placed on indi­

viduals by poor lighting does not directly 

damage the eye but may result in headache and 

·nausea. 

An individual who is suffering from the 

effects of poor lighting - headache, fatigue, 

nausea - is less likely to be as alert as he or 

she should be when working in the laboratory. 

This lack of alertness can easily result in 

laboratory accidents. 
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Lighting Requirements 

The recommended illumination level for 

general laboratory work areas is 50 foot­

candles or more. Illumination level is defined 

as the amount or quantity of light falling on a 

surface and is measured in foot-candles. A 

foot-candle is equal to the illumination which 

results when a uniformly distributed flux of 

one lumen falls on a one square foot surface 

area. A lumen is the unit of light output from 

a light source. 

Testing of Lighting Systems 

Illumination levels can be easily and 

quickly measured by pocket-size illumination 

meters. There are more sophisticated instruments 

available, but their features are not necessary 

for evaluating labo~atory illumination levels. 
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SIGNS AND SYMBOLS 

High school laboratories should make 

liberal use of available signs and symbols in 

order to promote a safer environment. There are 

few mandated signs or symbols. Display of the 

radiation symbol is required by federal and 

state law wherever radioactive materials are 

being used. 

Biohazard signs may also be required by 

state or federal law. ~ire extinguisher signs 

are required by state and local law. All 

effective laboratory operations utilize signs 

and symbols as an important element of the 

safety program. 

Stock wording is available from many venders 

in signs made of enameled sheet metal or lami­

nated fibre-glass. Self adhering cloth or 

plastic signs are also available with standard 

wording. 
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RADIATION PROTECTION 

High school laboratories have been known 

to make use of radioactive materials. If 

radioactive materials are used, there must be 

suitable storage and pTotective equipment 

available. Because of the hazard presented by 

radioactive material, it should be stored in a 

locked cabinet or compartment. If the activity 

of the radioactive substance is high enough, 

a special lead lined, key-operated box may be 

necessary for adequate protection. 

For routine laboratory work with radio­

active materials, the laboratory should main­

tain a supply of shielding materials including 

lead sheet, lead bricks, and cement blocks. 

Personal protective equipment - lead filled 

gloyes and aprons - may also be necessary if 

maximum protection is desired. 

Some type of radiation monitoring instru­

ment is also essential and a trained radiation 

safety officer is required to maintain safe 

conditions. 
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PURPOSE 

SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

RECORDKEEPING NO. 14 

Lecture and Discussion LENGTH 20 Minutes 

To provide the instructor with a background in recordkeeping 
practice in science laboratories including the applicable 
legal requirements. 

OBJECTIVES Enable the trainee to .•• 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

1) Understand the legal requirements for recordkeeping. 

2) Identify the types of records to be kept. 

3) Establish a suitable record system in his or her own 
science laboratory. 

Accreditation 
Carcinogen 
Respirator 

Lesson Text 
Slides 
Projector (35 mm) & Screen 

Note-taking 
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NO. 14 

INSTRUCTION 

INTRODUCTION 

Recordkeeping has always been an integral 

part of laboratory operations and also a normal 

part of the instructor's duties. Instructors 

are required to keep attendance and grade 

records. Laboratories keep records as an 

incident to good practice, and occasionally, 

as a result of a legal requirement to do so. 

It is a common misconception that 1abora-

tories must keep records of analyses and daily 

activities. This is not true! Other than for 

. legally regulated laboratories, e.g. clinical 

and hospital laboratories, there is no legal 

requirement to maintain daily work records. 

Some voluntary standards organizations such 

as the American Society for Testing and Materials 

(ASTM) and the American Industrial Hygiene 

Association (AlHA) have established voluntary 

accreditation programs which require that 

accredited laboratories maintain a detailed 

recordkeeping system. But there are no statutes, 

state or federal, which require that daily 
• 

work records be kept. 
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Even though school science laboratories 

probably do not keep records which relate 

directly to the laboratory operation as opposed 

to those which relate directly to students' 

performance, they should be encouraged to do 

so. Maintaining adequate records is a key 

element of any successful safety program. 

Good records will allow laboratory personnel, 

both teachers and students to spot trouble 

before it occurs, or determine causes if an 

accident happens. 

Laboratory records are useful as an aid 

in delivering testimony while serving as a 

witness in a legal proceeding. If records are 

routinely and accurately kept, they may be ad­

mitted as evidence in a court of law even 

though the maker of the records is unavailable 

or cannot recall the events from which the record 

was drawn. 

These two benefits are the primary reasons 

for establishing the recordkeeping psychology 

in students. As a matter of good practice, 

commercial laboratories require their employees 
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to keep daily work records. Students should 

be taught as early as possible the benefits 

and desirability of adequate recordkeeping. 

Records such as chemical reagent inventory 

records, repair and inspection records, injury 

records, and incident records are extremely 

valuable in setting up an ongoing, viable safety 

and health program. They can also be useful 

to the instructor as a means of minimizing 

his or her legal liability in the case of 

bodily injury or property damage. 

In some cases the school may have no 

choice in deciding whether or not it wants to 

keep records. Schools which are subject to the 

provisions of the Occupational Safety and Health 

Act of 1970 (OSH Act) must keep injury and 

incident records. These schools include all 

private and parochial schools and all public 

schools in states which enforce the OSH Act 

under an acceptable state plan. 
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INVENTORY RECORDS 

There is no excuse for a school science 

laboratory not having readily available inven-

tory records covering the chemical reagents 

in stock, the existing instrumentation, and 

miscellaneous items such as glassware~ fire 

extinguishers, and personal protective devices. 

All of these records play an important 

part in the operation of a laboratory safety and 

health program. If the students are involved 

in the recordkeeping system, they can develop 

and acquire work habits that will stand them 

in good stead through their college and pro-

fessional years. 

Chemical Reagent Inventory Records 

An up-to-date inventory of the chemical 

reagents in stock is essential to the safe and 

efficient operation of a science laboratory. 

The constant turnover of students and the 

frequent turnover of instructors contributes 

to the need for establishing an inventory 

system capable of providing immediate in-

formation on every chemical reagent stored in 
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a school building. 

Chemical inventory records are an integral 

part of any formal health and safety program. 

Adequate written records allow inventory 

searches to be made rapidly. As the health and 

safety hazards presented by certain chemicals 

become recognized, it may become necessary to 

remove the chemical compounds from school 

shelves. A case in point is the list of pro­

scribed carcinogens developed by OSHA. Many 

school science laboratories contained one or more 

of these compounds, and the instructors were, 

and in many cases still are, unaware of the 

potential hazard. As more compounds are placed 

on the proscribed list, more compounds will 

have to be removed from the shelves of high 

school science laboratories. 

A uniform, orderly system of recording 

purchase dates, receiving dates, quantities 

received, quantities used, and disposal date 

is necessary if the school and the instructor 

are to keep up with the ever-increasing flow 

of information on hazardous chemicals. As a 
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companion to the OSHA list of proscribed 

carcinogens, the National Institfite for Occupa­

tional Safety and Health (NIOSH) publishes a list 

of suspected carcinogens. These are chemical 

compounds or elements that are suspected of 

causing cancer in laboratory animals. The 

use of these compounds should be restricted 

where possible. Wherever these suspect 

chemicals are in use, they should be substituted 

for if possible. If necessary, experiments 

should be changed to circumvent the use of 

potentially carcinogenic chemicals. 

All chemical reagents, upon receipt in the 

laboratory, should be immediately marked with 

the receiving date. The reason for dating 

the reagent is the time sensitivity of certain 

chemical reagents. Many chemical reagents 

are oxidized by atmospheric oxygen over a 

period of time. The effect of this can be min­

imal, i.e., the reagent will not perform 

properly in a chemical test and a new batch of 

reagent will have to be acquired or prepared. 

An example of the minimal effect of time sensi-
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tivity is the oxidation of o-tolidine. Once 

oxidized, this material will not-perform 

properly in colormetric procedures utilizing 

it as one of the color forming agents. 

On the o therhand , some materials are time 

sensitive in a dangerous fashion. Ethel ether 

and dioxane, for example, form explosive 

peroxides after sitting for varying periods 

of time. These chemical compounds should be 

disposed of before peroxides can form. An 

inventory control system would allow the routine 

removal and disposal of time sensitive chemical 

compounds. 

The amount of time an instructor can devote 

to maintaining chemical usage and inventory 

records is limited. If the instructor wants 

to maintain a complete records system, he or she 

may have to devote considerable time to it. 

There should be a record for each chemical 

reagent which lists the date received, 

quantities withdrawn, when withdrawn and by 

whom, the date disposed of and the disposal 

method. Ideally students will get involved in 
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the recordkeeping system and remove much of the 

burden from the instructor's shoulders. 

Inventory records could be disigned to 

contain more information. They could list 

special precautions to take in handling the 

chemical, toxicity data, and safety data. Com­

piling these types of information might be pro­

hibitive for the average science instructor, 

but it would serve as a useful project for one 

or more students. 

Instrument Inventory Records 

Instrument inventory records should record 

the dates of purchase, routine maintenance 

checks, and all repairs. These records will 

serve as a quality control check on the 

instruments and they may aid the instructor 

in defending a liability suit. Maintaining 

instruments in safe operating condition is 

a normal function of a science teacher. 

Written records are acceptable, legal proof 

that this responsibility has been effectively 

carried out by the teacher. 
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Personal Protective Equipment Inventory Records 

Science teachers often keep some type of 

written record of personal protective equipment 

that is issued to students. These records are 

kept to control equipment losses rather than 

provide maintenance information. Inventory 

records on personal protective equipment should 

be maintained, however, because many types of 

personal protective equipment require preven­

tative maintenance. Protective eyewear require 

regular cleaning and disinfection. 

If proper maintenance procedures are not 

performed on the personal protective equipment 

which requires them, the equipment may actually 

magnigy a health hazard or serve as the source 

of a new hazard. Respirators with expired 

cartridges can create a false sense of security 

in the wearer. The wearer can be exposed to 

chemical hazards while thinking he or she is 

protected. Dirty respirators and safety 

glasses can serve as the source of infectious 

microorganisms or as the source of skin­

penetrating, toxic chemicals. 
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Records that are kept up to date will 

enable the instructors and the students to make 

informed decisions regarding the condition and 

suitability of equipment for use. The compila­

tion of this type of written record is an 

integral part of a safety and health program. 

Students may be effectively integrated into 

this portion of the program. With supervision 

they can be given the responsibility for keeping 

the written inventory record and for performing 

the required maintenance procedures on the 

equipment. 

There is no recommended format for keeping 

records of this type. A suitable record form 

should be easy to construct. It can be made 

a student safety project. 

Fire Extinguisher Records 

Fire extinguishers must be readily avail­

able in high school science laboratories. When 

needed, they must work. In order to insure 

that an extinguisher will function when needed, 

a program of regular checking, maintenance, 

and repair must be established and operated. 
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Fire extinguisher records should list 

extinguishers by type, location, recharge 

periods, and size. Records of available spare 

parts and spare extinguishers must also be 

maintained. Generally fire extinguisher main­

tenance will be performed by an outside service 

company. Their visits should be scheduled in 

advance and noted on the written record. 

REPAIR AND INSPECTION RECORDS 

Repair and inspection records are another 

facet of laboratory operations. Written records 

contribute valuable information about the day to 

day problems of running a laboratory, but 

most importantly, adequate records are indicative 

of an instructor who is attuned to the social, 

legal, and economic currents of the times. 

~e general public is more aware of health 

and safety problems now than at any time 

previously in the history of the country. The 

public demands that schools provide a safe 

and healthful learning environment for young 

people. This is a social policy. 

14-13 



LESSON 

NOTES 

NO.14 

INSTRUCTION 

Repair and inspection records are economic 

essentials. They serve to pinpoint equipment 

that may be subject to an undesirable number of 

breakdowns. Equipment that breaks down often 

requires more frequent repairs and excessive 

spending. Equipment that is subject to 

frequent breakdown may present a greater safety 

and/or health hazard than more durable equip­

ment. Equipment that is placed on a regular 

maintenance schedule supported by written 

records is much less likely to become a labor­

atory health or safety hazard. 

Inspection and repair records also can 

serve as valuable elements of a legal defense. 

If a student is injured while using a particular 

piece of equipment, it is possible that a 

teacher could be charged with negligence in 

maintaining the item of equipment. Records that 

show a regular practice of inspecting and 

repairing equipment can be used to refute a 

claim of negligence. 

Inspection records which cover routine, 

periodic inspections are another element of a 

successful safprv nrnor~m l<'nr ",,,hnnl,,, .,,"rl 
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school districts which are amendable to OSHA 

regulations, inspections may be required in 

order to insure that the school facilities and 

operations are in compliance with the applicable 

regulations. Laboratory facilities may have 

to comply with the regulations governing the 

storage of flammable liquids, adequate 

electrical wiring, signs and labels, and 

exposure to hazardous chemical and physical 

agents. Inspection records also provide 

information on potential problem areas and 

allow the teacher to take remedial action before 

any problem occurs. Routine inspections may 

be carried out by students as a way of 

increasing their participation in the safety 

program aspect of the laboratory operation. 

INJURY RECORDS 

At the present time there is no known 

central depository for school injury records 

relating to the science laboratory. This 

is unfortunate because it deprives science 

teachers of a valuable tool in fighting the 
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problem of science laboratory accidents. If 

the major accident problem areas_were known 

with some degree of certitude. teachers 

could Lake specific steps to reP-love ,}!:" ;:')lIt~-ol 

these known hazards in their 0\-1[1 laboratories. 

'l1lere are two accident and iL1jun' 

country. These are the American NilLiUI1iil 

Standards Institute (ANSI) Z16.1 sY,;'::-.::m 

and the OSHA system. The Occupati.on.al SafeLy 

and Health Administration has prumulgated 

regulations which govern the recording and 

reporting of occupationally induced illnesses 

an din i u r-i c:; . 

The ANSI system is also designeu :or 

use pri.marily for industrial dccidents_ It 

i~j ,1 lUcre detaiJ.ed system than the OSHA 

system and is probably beyonJ the scope of 

most school operations. Hm.lever, the concepts 

represented by tl\(:;;;2 two systems are important 

and ;;;\lOlild be extel1deJ Lo s tlldent injuries where 

possible. 

Accidenl and in i '.[ " records can be of 

.inestilrpble yalue to ttl'; L(~dCher--..·J.L..."""''-J-_____ '" 
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future litigation regarding the student injury. 

tf the school has adopted a uniform system of 

accident reporting, the accident -records 

should be readily admitted as evidence in any 

court of law. 

A recommended accident form, based on 

National Safety Council form IS-IA-25M-3730l 

is presented in Exhibit 14-1. This recommended 

form provides for the collection of all 

relevant data concerning an injury producing 

accident. 

The recordkeeping requirements of OSHA 

and the specified forms are presented in 

Appendix l4-A. The material in the Appendix 

is self-explanatory. The OSHA recordkeeping 

requirements do not extend to students unless 

the students involved are serving as employees 

of the school. 

INCIDENT RECORDS 

Incidents may be defined as those events 

and occurrences in science laboratories which 

are undesirable and may, but not necessarily do, 

r<>","1 t- ;n n<> ,1 in; • .,.." C:11,..h <>n<>nt-'" 
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as spills of caustics or acids, small fires, 

breaking of glass, and electrical shock would 

qualify as incidents. Keeping records of 

these incidents will serve to alert the 

laboratory teacher of possible danger areas 

incidental to a particular laboratory or a 

particular group of students. 

Incident records may not prove to be 

conclusive in a single school setting. Data 

should be collected over district and state 

territories in order to provide statistically 

valid information concerning the frequency of 

occurrences of specific incidents. At the 

present time there is no known program of 

this type being conducted. 

STUDENT ASSIGNMENTS AND AGREEMENTS 

Much of the material covered in the 

modul.es on laboratory has had the dual purpose 

of assisting the science teacher in providing 

a safe place for his/her students to work and 

learn and of aiding the teacher in minimizing 

his/her legal l.iability at the same time. 
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The two purposes are not mutually exclusive. 

If the teacher accomplishes the first goal, 

he/she must necessarily accomplish the other. 

In the prior lesson modules, the teacher's 

duties of supervision and instruction were 

discussed. One aspect of these two duties is 

providing adequate instruction and information 

to the students on particular assignments or 

experiments. 
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EXHIBIT 14-1. SUPERVISOR'S ACCIDENT REPORT 

SUPERVISOR'S ACCIDENT REPORT Incident /10. ______ _ 

(To be completed Imme<lIately alter accident. even ... hen there IS no inlUry) 
Companrnameandedd~ _____________________________________________________ _ 

7.:~~:!~~n~~~:)----------------------------------------------
L Name end Iddreu of inJind _________________ _ SSN _______ 2. AIL-

(or ill) person ______________________________________ 1 ~ 

•. VN,.. of saNlCe __ 5. Time on prewnt iob _____ __ 6. Title/occupation'--______________ _ 

7. ~rtrnent----------------- 8. ~t. 01 Iccid.nl ________ 9. Time ____ _ 

10. Accid.nt catecDfY (check) 0 MOIor Vehicle; C1 Property Oama,.; 0 Fire; 0 Othe' ___________ _ 

11. S-rity of Injury or illneu o Non·diublini; 0 Diublinl; 0 Medical Tr ... tment; 0 hillily 

12. Amount 01 dam'le $ __ ~ ____ 13. Loc.tion ______________________________ _ 

14. Estimated number of days I .... ' from tob----_______________________________ _ 

15. Nature of injury or illnessl _______________________________________ _ 

16. Part of body affectedl ______________________________ _ 

17. Dec- of diubilityl ___________ --;:; ___ :--:-___ -:--:-:--:-___ c-:-:-::-____ __ 
(Temporary tOlal; permanent partial; permanent tOlal) 

IS. Cauutiw alent most directly related to accident? (Object. substance. material. machinery. equipment. condilions) 

Was ... the'afeclor! _____________________________________________________ ___ 

19. Unsafe mechanical I physic'l/environmfnt., condition ., time of acc.dent? (Be specific) 

20. unufe act by inJured and lor olhers contribulinl 10 Ihe .ccldent. (Be spet.fic. mus' be .ns_red) 

21. Person.1 f.ctors (ImproPH Ittitude. liCk of knowl~le or Skill. ,low reaction. flt1lue) 

14-21 



Exhibit 14-1. (Page 2 of 2) 

>H.s Inlured USlnl required equipment? ___ . _____ _ 

23 What can be done to prevent .. re(Urrence of thiS type of accident? 
(Modiflcltlon of machine: mechl"lc.1 IUlrd50: c.orrect .n'f'IrQnment: tr"lnlnK) 

24 Det.lled n.rratlV't' description (Haw did .,elden! occur why oblects. equipment. tools u~. Circumstance nsqjlned duties 

---_._. --------_ .. --_._. ---

- .. --_._----
(Un ,tdd,tlon.1 Ihee1s, u requlflld) 

2!1 Wrtnesus to aCCident __ . __ _ 

Date prepared .. __ .. __ S'g:nature of Foreman I Supervisor 

OepartmenL _ 

SUPERIHHHDUH'S ~PI'RAISAl AND RECO .... ENDA liON 

a In your opinion what action on the part of Inlur~ (or III) person or others contributed to thiS KctdenH 

b Your recommendation. 

---_.- -_ .. ---------------------
D.t.~ _____ . ___ _ S,golitur. ot SUpeinntendent _____ _ 

FOR SAFETY OffiCE us!: OfIlY 

Temporary Total Cl 

Started 10SIn& time ___ . _____ _ Part 01 Body _____ . ____ . __ 

PI' cent loss or 
Returned to work , ___ . ____ _ lou of u .. _____ _ 

Time charll _____ _ 

Compensation 5 _____ _ _ MedIcal S ________ Other' ____ _ Total , ________ _ 

N.me .nd .ddreu N.me .nd .ddr.n 
of hosplt., __ ~_________ _ _______ ot phYSIC'8"_ 

Issued by NATIONAL SAFET'I COUNCil ' 425 North M,ch,ga" Avenue' ChlCdKO III,nol> 60611 

'00-"'" IS-I.& 2~" '7101 

Copyright permission requested from the National Safety Council. 
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EXHIBIT 14-2. RECORDKEEPING REQUIREMENTS UNDER THE OCCUPATIONAL SAFETY AND 
HEALTH ACT OF 1970 

Recordkeeping Requirements 
Under the Occupational Safety and 
Health Act of 1970 

This booklet contains new recordkeeping forms which must be used to record 
work related injuries and illnesses which occur on or after January 1, 1975. It 
also contains current information about recordkeeping responsibilities under the 
Occupational Safety and Health Act of 1970. It replaces a booklet which was 
issued in 1971. 

u.s. DEPARTMENT OF LABOR 
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION 

14-:~3 REVISED 1975 



RECORD KEEPING REQUIREMENTS 

The Occupational Safety and Health Act requires that records of 
occupational Injuries and ilInesaes be prepared and maintained. The 
Bureau of Labor Statistics Is responsible for developilll and 
maintaining an effective recordkeepina prolRm. .In moat States, a 
statistical srant agency cooperates with the Bureau in administering 
the 'recordkeeping program. Recorda of injuries and illnesses are 
necessary for carrying out the purposea of tho Act. They are 
designed to assilt compliance safety and health offlcera in ... killl 
inspections and Investigations. They also provide the basis for a 
statistical program which produces reliable injury and ilInosa 
Incidence rates and other measures. This Information, together with 
required suppiementary records, will be helpful In identifying many 
of the factors which cause injuries and illnesses in the workplace. 

The following presentation summarizes the OSHA recordkeeplng 
regulations, and should answer most of yout questions about OSHA 
recordkeeping. Further information can be obtained from the 
statistical grant agency or, if there is none, from the Bureau of 
Labor Statistics Regional Office. See pagca 6 and 7 for addrellOl. 

Most, But Not All, Employers Must Keep Records 

1. Most private employers are required to keep OSHA records; 
however, recordkeeping is not required for the foUowing 
employers: 

Small employers which employed no more than seven (7) full- or 
part-time employees at anyone time during the previous 
calendar year. A few small employers will have to maintain 
records if they are selected to participate in the annual survey of 
occupational injuries and illnesses. They. will be notified in 
IIdvance and supplied with the necessary forms and instructions. 
Also, State safety and health laws may require small employers 
to keep injury and illness records. 

NOTE: If an employer has more than 1 unit and a total of more 
than 7 employees, records must be kept for all individual units. 

Mining employers are not required to keep records or report 
under the Occupational Safety and Health Act, since the 
Department of the Interior has adopted a program of record­
keeping and reporting, developed in cooperation with the Bureau 
of Labor Statistics, which produces similar information. 

Employers of domestics in the employer's private residence for 
the usual purposes of housekeeping or child care, or both. 

Fum employers whose only workers are members of the 
farm-employer's immediate family or whose workers are 
neighbors who help them at specified times as a neighborly 
gesture. 

Employers in religious activities but only with respect to the 
conduct of religious services or rites. Employees engaged in such 
services or rites include clergymen, choir members, organists 
and other musicians, ushers, and the like. NOTE: Records of 
injuries or illnesses occurring to employees while performing 
secular activities must be kept. Recordkeeping is also required 
for employees of private hospitals. schools, orphanages, and 
commercial establishments owned or operated by religious or­
ganizations. 

2. Agencies of State and local governments are required to keep 
records as to their employees only as their own State occupa­
tional safety and health plans gain Federal approval. 

Location of Records 

Ordinarily, recorda must be maintained at each establishment 
(workpllt\:e). See the reverse: sid, of form OSHA No. 100 for a 
definition of the term establllhment. If an employer has more than 
one establishment, a different set of records must be maintained ilt 
each on •• 

Some Rrms, soch' as those enllaged in agriculture, construction, 
transportation, and the like, have activities which are phYSically 
dispersed. Recorda of injuriec and iIlnesaes to employees engaged In 
such activities can be maintained at the place where employees 
report each day. If such employees do not regularly report·to the 
same place, records may be maintained at a central place for each 
&roup of em ployaes regularly supervised by the same person. If 
records are maintalned centrally, two conditions must be met. One, 
the address and telephone number of the place where the lecords 
are kept must be available at the worksite; and two, there must be 
personnel available at the central place during normal business houn 
to provide information from the records. 

Some employees, such as traveling salesmen and technicians, do not 
report to a single establishment and are not generally supervised in 
their daily work. Records for such employees shall be maintained 
either at the base from which they operate or at the place from 
which they are paid. 

Preparation and Maintenance of Records 

OSHA recordkeeping is not complicated. Only three forms must be 
maintained. A copy of each Is found in this booklet. 

The Log (OSHA No. 100) 

The log is a convenient means for classifying injury and illness cases 
and for noting the extent of and outcome of each. Not every injury 
or illness occurring in the workplace is recordable. Definitions on 
the back of the OSHA No. 100 will explain how to determine which 
cases must be recorded. The employer must enter each recordable 
case on the log within six (6) workdays after learning of its 
occurrence. The OSHA No. 100 contains com plete instructions for 
doing this. 

A substitute for the OSHA No. 100 is acceptable if it is as detailed, 
easily readable and understandable as the OSHA No. 100. For 
example, if data processing equIpment is used to log injuries and 
illnesses, the format of the printout must be similar to that of the 
OSHA No. 100. 

Although other records must be maintained at the establishment to 
which they refer, it is possible to prepare and maintain the log at 
another location, using data processing equipment if desired. If the 
log Is prepared elsewhere, a copy updated to within 4S calendar 
days must be present at all times in the establishment. 

Logs must be kept current for five (5) years following the end of the 
year to which they refer. If there is a change in the extent of or 
outcome of a case previously entered on the log, the first entry 
should be corrected. See the section titled "Changes in Extent of or 
Outcome of Injury or Illness" on the reverse side of OSHA No. 100. 
If a case is later determined to be nonrecordable, it should be lined 
out. 

The Supplementary Record (OSHA No. 101) 

For every recordable injury or illness. It is necessary to record 
additional information requested on the OSHA No. 101 form. fhe 

14-24 



USHA NO. 101 rorm aoes n01 nave ro De useo. worKmen. 
compensation insurance or other r6pDrts are acceptable suppie­
mentary records if they contain all items found on the OSHA No. 
101 form. If they do not, the missing items must be added 
,;omewhere on the same form or on a sellarate attachment. 

Supplementary records must be completed and present in the 
establishment within six (6) workdays after the employer has been 
notified of an injury or illness case. 

'The Summary (OSHA No. 102) 

At the end of each calendar year, a ,ummary of log cntne, tor each 
establishment must be prepared on an OSllA N,.. 102 fonOl. 
Suhstitutions for this form are not acceptable, A copy of this 
summary must be posted no later than F~bruary 1 and remain in 
place until March I, in a place where all employees are likely to see 
it. All employer who has on his February payroll employees not 
reporting to a fixed establishment on a regular basis must prc,;ent or 
mail a coPy of the summ~ry 10 each of them. It is not nece,;sary to 
pos~ the summary in establish ments ",-hich ~.rtl dOSed during 
February , 

Rel.!ntion of Recun.b 

All r~l.:{Jrds IlIU~t rerfllJin in the establHhou:nl tor fist (5) yCi1~ after 
the year (.) which they relate. If .m "~latJlislJffle"t changes 
oWllership, the new employer must pre!ICrve the reconi.> ror the 
remainder ,)f the r.ve-year period. He is not responsible, however, 
for updating recor.:\i; of the former owner, 

Poster 

I:a<.:h employer must dbpl~y in each t'stubhshmcnt a P0,1(:r which 
explams th~ protections and obligatIons of employees under the 
Occupational Safety and Health Act. States ",11ich haw appr0vt:d 
plans will rt:quire that a Stale poster be displayed. In such Stales, It 
may be adcqllatt: to display only a State poster. For further 
information all!)ut such rC<juirements, consult any of the OSHA 
offices or the State statistical grant agencies (addre".~s and 
telephone lIt1ml,ers appear on pages 5 ;Ifld 6). The o.-der form which 
appears on the insHie back covu of this booklet may be Ll>eu to 

orela posters. Employers using the form will be supplied wit!! all 
ne<.:essarv posters, induding State posters, when they mllst be used 
in addition to the Federal [loster. 

AC(;I::5S to KelCoros 

Record, can be inspected and copied at any reasonable time by 
authorized Federal or State government representatives, 

Rt!porting of Fatality or Multiple 
Hospit.a.lization Accidents 

An employer must r"'port any accident whkh result" In une: (I) 'Jr 

more dl!3ths or in Illlspitalil8tion of five (5) or more employees. The 
report must be made within 411 nours after the accident and can be 
made orally or in writing. It must be made to the Area Director of 
the Occupation3i Sufety 8n(1 Health Administration (see addresses 
and telephone oum bers on page 5). except for States with approved 
State plans. In States wlakh have approved plans, the report shall be 
made to the State: agency which has enforcement responsibtlitles 
under the plan. Funher iafotmation may be obtained from the 
OSHA Area Director. 

Periodic Reports of Injuries and Illnesses 

If "~l e.tablishment is selected to participate in a sIIrvey of 
oCLupationsl injuries anll illnesses, it will be mailed a report form at 
the oro per time. 

Where to Obtain OSHA Recordkeeping Fonns 

I{ccordkeeping terms will not be automatIcally mailed to employers 
each year. To request additional forms, lise the order blank on the 
insi,le back cover of this booklet. 

Recordkeeping Under Workmen's Compensation 
and OSHA 

OSHA recordk~eping and reporting requirements differ from those 
established unde:r the various State workmen's compensation la'M>_ 
Becaus<) they differ, employers must not substitute workmen's 
compensation criteda in determining whether or not a case should 
btl recorded for OSHA. Workmen's compensation rules may require 
employers to record more or fewer cases than the OSHA rules. For 
example, workmen's compensation laws in some States require an 
injury to be reported only if it results in al least two (2) lost 
workdays. [n other States, any injury which requires a visit to a 
doctor must he reported, regardless of its severity. These examples 
differ from the OSHA definitIOn of a recordable case. Employer.; 
which are usrng State first report forms as a substitute for the 
supplementary record (OSHA No. 10J) must prepare a form for 
each OSHA recnrdable case whether or not the State workmen's 
compensution law requices that a report be prepared. 
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OSHA NO TOO 

,N,uflv OR 

ONSe r Of 
ILLNESS 

M()/~I'ly' 

'" 

U!oH" Nu IU1 

EXAMPLES OF COMPLETED RECORDKEEPING FORMS 

SUMMARY 
OF 

OCCUPATIONAL INJURIES AND ILLNESSES 
FOR CALENDAR YEAR 19']5"" 

Itll ... HI.UAl:Il I l ,,:>t'> You..,e r<'<lulf~d tu le.Old Illfolll'\al_ .lK>ut ever", ..... .;"1'011"' ... , ok.,h 

:::: :;'~~:·:O~;,'::,%''');'! ~..:;.:!"t~~.~~!~~~Ur":~·!"~n"·~;:~~"';~"'~;:~: I\><m .. PCAo.. .... 

01011 NO I.R U!>J Job. or rMd,cll Irnlm~,u IO!~ IblIl'Int ud) 
M.."c c"'"P~'c d.crl1l1f1on> .ppc:u OCI Tile oUler udc as 'm torm 

DESCRIPTION Of INJURY OR ILLNESS 

IT"p.c •• _ .... ,O<"".COIU m " ........ '". 

"''''P''Ut'onol Inlo" ... ' ...... o<~''' ... :h ..... ofl __ k 

c....m.. ,,-< .... ,11" On ",."nan<h e __ " __ WoOyI 

.. , 

I .,"" "ppr",,~d 

OMI:I i"o<> 4 .. 11. 14~) 

, U., ",,-no ... c<.Llu"n .>1 Ihu I 
I fonn t ... ... mlNl.u:,,'tI ~(JI.r' 
,1914,,.,.., nUl ecl\tlun a.fol , 
I _m:m.a.ru..Iftc 'f0'" ,.&21 lor' 
11915 .... "~uCIII Y""L' 

l-'+-26 

DeATHS 

EXTtNT Of AND OUTCOME: OF CASES 

LOST WORkOAY CASES 
'oIONFA'''l TtRM'''''AT'ONS 

~-----r----------l CASES WtTHOUI OR '~Fll,oIA"'EHT 
LOST WORII;OAYS LOST TR ...... S~ERS 

,., 

"'<Ie .. "WAV 
FHO,," l1li'0l1li1( 

En1 ..... _ 

"'.,.y •• ' 
P;ESTiI'I1CTEO 
Wl)iI'Il( AC'TIV 

~:l::"tolftjut" 

SAl 1981 

WORII;O .... vS 
.......... "1'''< .. ' 
......... 90010 

.-+----"'-----+-~- ~--
_-+---" __ I-":':'O,,-__ +- .. ~+ _____ +-

--'-
__ ..L-.­
__ .L.. 

rh~ aa.olple sununary a.t If'lft W ... lf prcpar~d USing the c ... e. 
{rom the log above aa follows 

rhe first line (code 10) of thl: summary 18 used to record 
injurie8. These are identified on the log uy a ,ud~ 10 in 

colwnu 7. 

Col. 1. TuLal Cases: Four cartes Involved injuries t ldentLfied 
by a code lOin column 7 of the lug). 

Col. 2.. Deaths, Tbl!'lre were no death. (DO elltrlell III lolurnn 

8 of the log). 

Col. 3, lutal Lo~t Workday (.alje"" lhre~ ul the IU\.Ir lUJury 

,'",ses had a ... heck in coiunln ~ of the lug 

(; •• 1. 4 Ca!lelf involving LJayo Away I' ron, Work '· ... 0 <.:.1 the 

four lnjury <.. .. ~elf had anentry 1n \ olumn 9A of the log. 

LuI. 'j. V"'Y8 A~ay From Wurk' rhe two InjUry Cdlles which 

hdd t:ntrit!s in culuntn 'JA 01 the log had ... tvtal of 

l3 daylS dway front work, 

Col. 0, Day:! uJ H~"tt'h:ted War\... Altlvity the t' .... " Injury 
ca$~tI ..... Ind\ had entrleti In •. olunln .,B I'! the lug 
involverl d. t0t .. 1 of I 3dayt; oJf I't:strirtetl ..... ",.k <It tlVlty. 

Col. 7 NOldat ... \ C.tti,:,> Withc.ut Lo:;t W(,rkday~ l.Ine II'Jury 

case had a {heck in colunm 10 of the 10l:. 

(ul. ts. l'erlllluatlons dr Pernldnt"nt ild.nSIt!'rs: Unto Inlury 

case h",d a ,"hel kin (;Iliw·nn II '11 the ifJIoj:. 

CI{£CK lht! ~Ull' "I colwnn" L.. '. "ud 7 ~hlJuld elud.J ~h~ 

nurTlbc:r entf'red in coJutlln J It <Ju.·ti, 

{'he ::Ianl!! procc>dur<.: lti u:.ed tv surnnl<1rlZe .:.,c), 0' tUp ... tl"nai 

illness cdtegory. lh"r~ d.rt' tntrie'i on th('llnt:~ !{.r fvdes.:.1 

:lnd l5 bccdu~e lhest" Lodes w",r~ u:.('d In ,-olunlo 7 'Jt tht:: lug 

tu rt!(orri the tv"" 1I1n'~Ds cases. 

em the line lOT' ,ud.· ,0, 10t,:,,1 _ O<..cHp ... hllndl llln".,H-". tht::: 
..,urn (the t"ntrit: s inr cuJes :.1 thruugh 21 v.e rf' t:'lltt!rt:':. 

[hL tnt,.Is lor .111 ,,, uPdtloJn~1 10Jurlt", .,ncl 1!lr,t" ... ., ... ., · ... ,·rt" 

'ntt'l't'd on thcllne tor codt: 31, Ih\· "ntri~" fur 'I.>'lt'~ ,1, >I,d 

jO v.t"re adder! tll .... r1"lft' at th ... ~e tntd\!", 



SUPPLEMENTARY RECORD OF 

OCCUPATIONAL INJURIES 

AND ILLNESSES 

To supplement the Log of Occupational Injuries and Illnesses (OSHA No. 100), each establishment must 
maintain a record of each recordable occupational injury or illness. Workmen's compensation, insurance, or other 
reports are acceptable as records if they contain all facts listed below or are supplemented to do so. If no suitable 
report is ~ade for other purposes, this form (OSHA No. 101) may be used or the-necessary facts can be listed on 
a separate plain sheet of paper. These records must also be available in the establishment without delay and at 
reasonable times for examination by representatives of the Department of Labor and the Department of Health, 
Education and Welfare, and States accorded jurisdiction under the Act. The records must be maintained for a 
period of not less than five years foUowing the end of the calendar year to which they relate. 

Such records must contain at least the following facts: 

1) About the employer-name, mail address, and location if different from mail address . 
• 

2) About the injured or ill employee-name, social security number, home address, age, sex, occupation, 
and department. 

3) About the accident or exposure to occupational illness-place of accident or exposure, whether it was on 
employer's premises, what the employee was doing when injured, and how the accident occurred. 

4) About the occupational injury or illne88-description of the injury or illness, including part of body 
affected; name of the object or substance which directly injured the employee; and date of injury or diagnosis 
of illness. 

5) Other-name and address of physician; if hospitalized, name and address of hospital; date of report; and 
flame and position of person preparing the report. 

SEE DEFINITIONS ON THE BACK OF OSHA FORM 100. 
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OSHA No. 101 Form approved 
OMB No. 44R 1453 Case or File No. __ ... ______ _ 

Supplementary Record of Occupational Injuries and Illnesses 
EMPLOYER 

1. Name ______________________________________________________ --------------------- ______ _ 
2. i\lail address __________________________________________________ - _ - -- -_ - --- _ - _____ .. _______ _ 

(No. and street) (City or town) (St~te) 

3. Location, if different from mail address -----------------------------------------------------­

INJURED OR ILL EMPLOYEE 
4. Name _______________________________________________ Social Security No. _________________ _ 

(First name) (Middle name) (Last name) 
5. Horne address _______________________________________________ -- - - -- -- -- ---- ---- ___________ _ 

(No. and street) (City or town) (State) 
6. Age _____________ 7. Sex: Male ____________ Female ____________ (Check one) 
8. Occupation _____________________________________________________________________________ _ 

(Enter regular job title, not the specific activity he was !Jerforming 1t time "f injury.) 
9. Department _____________________________________________________________________________ _ 

(Enter name of department or division in which the injured !Jerson is regularly employed, even 
though he may have been temporarily working in another de!Jartment at the time of injury.) 

THE ACCIDENT OR EXPOSURE TO OCCUPATIONAL ILLNESS 
10. Place of accident or exposure ______________________________________________________________ _ 

(No. and street) (City or town) (State) 
If accident or exposure occurred on employer's premises, give address of plant or establishment in which 
it occurred. Do not indicate department or division within the plant or establishment. If accident oc­
curred outside employer's premises at an identifiable address, give that address. If it occurred on a pub­
lic highway or at any other place which cannot be identified by number and street, please provide place 
references locating the place of injury as accurately as possible. 

Ii. Was place of accident or exposure on employer's premises? ______________ (Yes or No) 

12. What was the employee doing when injured? ________________________________________________ _ 
(Be Mpecific. If be was using tools or equipment or handling material, 

name them and tell what he was doing with them.) 

13. How did the accident occur? ______________________________________________________________ _ 
(Oe,cribe fully the events which resulted in the injury or occupational illness. Tell what 

happt>ncd and how it haPIJened. Name any objects Of ,ubstances involved and tell huw they were in volved. Give 

full details Oil all factor; which I"d ()r contrilJllt .. d to the aCT·it!. tit. [',p ,,,,,arate ,hT'd for at!ditiunll space.) 

OCCliP\T!ONAL INJURY OR OCCUPATIONAL ILLNESS 
14. Describe the itljury or illness in detail and indicate the part of body affected. ___________________ _ 

(e.g.: amputation of right ind/'x finger 

at second joint; fracture of ribs; lean poi,oning; dermatiti, of left hand, etc.) 

15. Name the object or substance which directly injured the employee. (For example, the machine or thing 
he struek against or which struck him; the vapor or poi~un he inhaled or swallowed; the chemical or ra· 
diation which irritated his skin; or in cases of strains, hernias, etc., the thing he was lifting, pulling, etc.) 

16. Date of inj ury or initial diagnosis of occupational illness 
(Date I 

17. Did emplo)ee die? ____________ (Yes or '10) 

OTHER 
1ft Name and addre"s ()f physician --.---- ---_ -_ .. ______ .. ________________ . _____________________ _ 
11). If huspitali,wd, name and address of hospital __________________________ .. _____________________ _ 

Date of rt:porl ________________ PrepdCed by ______________________________________________ _ 
Official position _________________________ _ 
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LOG OF OCCUPATIONAL INJURIES A-ND ILLNESSES 

Each employer who is subject to the record keeping require­
ments of the Occupational Safety and Health Act of 1970 must 
maintain for each establishment a log of all recordable occupational 
injuries and illnesses. This form (OSHA No. 100) may be used for 
that purpose. A substitute for the OSHA No. 100 is acceptable if it 
is as detailed, easily readable and understandable as the OSHA No. 
100. 

Each recordable occupational injury and occupational illness 
muat be timely entered on the log. Logs must be kept current and 
retained for five (5) years following the end of the calendar year to 
which they relate. Logs must be available (normally at the establish­
ment) for inspection and copying by representatives of the Depart­
ment of Labor, or the Department of Health, Education and Welfare, 
or States accorded jurisdiction under the Act. 

INSTRUCTIONS FOR COMPLETING LOG OF OCCUPATIONAL INJURIES AND ILLNESSES 

Column I - CASE OR FILE NUMBER 
Enter a number which will facilitate comparison with 

supplementary records. Any series of nonduplicating num­
bers may be used. 

Column 2 - DATE OF INJURY OR ONSET OF ILLNESS 
For occupational injuries enter the date of the work 

accident which resulted in injury. For occupational illnesses 
enter the date of initial diagnosis of illness, or, if absence 
from work occurred before diagnosis, enter the first day of 
the absence attributable to the illness which was later diag­
nosed or recognized. 

Column 3 - EMPLOYEE'S NAME 

Column 4 - OCCUPATION 
Enter regular job title, not the specific activity being 

performed at time of injury or illness. In the absence of a 
formal occupational title, enter a brief description of the 
duties of the employee. 

Column 5 - DEPARTMENT 
Enter the name of the department or division in which 

the injured person is regularly employed, even though tem­
porarily working in another department at the time of injury 
or illness. In the absence of formal department titles, enter 
a brief description of normal workplace to which employee 
is assigned. 

Column 6 - NATURE OF INJURY OR ILLNESS AND 
PART{S) OF BODY AFFECTED 

Enter a brief description of the injury or illness and 
mdicate the part or parts of body affected. Where entire 
body is affected, the entry "body" can be used. 

Column 7 - INJURY OR ILLNESS CODE 
Enter the one code which most accurately describes 

the case. A list of the codes appears at the bottom of the 
log. A more complete description of recordable occupa­
tional injuries and illnesses appears in "DEFINITIONS." 

Column 8 - DEATHS 
If the occupational injury or illness resulted in death, 

enter date of death. 

Column 9 - LOST WORKDAY CASES 
Enter a check for each case which involves days away 

from work, or days of restricted work activity, or both. 
Each lost workday case also requires an entry in column 
9A or column 98, or both. 
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Column 9A - LOST WORKDAYS-DAYS AWAY FROM 
WORK 

Enter the number of wO'rkdays (consecutive or not) on 
which the employee would have worked but could not be­
cause of occupational injury or illness. The number of lost 
workdays should not include the day of injury or onset of 
illness or any days on which the employee would not have 
worked even though able to work. 

NOTE: For employees not having a regularly scheduled 
shift., Le., certain truck drivers, construction workers, farm 
labor, casual labor, part-time employees, etc., it may be 
necessary to estimate the number of lost workdays. Esti­
mates of lost workdays shall be based on prior work history of 
the employee AND days worked by employees, not ill or 
injured, working in the department and/or occupation of 
the ill or injured employee. 

Column 98 - LOST WORKDA YS--DA YS OF RESTRICTED 
WORK ACTIVITY 

Enter the number of workdays (consecutive or not) 
on which because of injury or illness: 

1) the employee was assigned to another job on a 
temporary basis, or 

2) the employee worked at a permanent job less than 
full time, or 

3) the employee worked at a permanently assigned job 
but could not perform all duties normally connected 
with it. 

The number of lost workdays should not include the 
day of injury or onset of illness or any days on which the 
employee would not have worked even though able to 
work. 

Column 10 - NONFATAL CASES WITHOUT LOST 
WORKDAYS 

Enter a check for any recordable case which does not 
involve a fatality or lost workdays. 

Column II - T E R MIN A TI 0 N S 0 R PER MAN E N T 
TRANSFERS 

Enter a check if the entry in columns 9 or 10 repre­
sented a termination of employment or permanent transfer. 



0SHA NO. 100 

LOG OF OCCUPATIONAL INJURIES AND ILLNESSES 

DATE OF 
CASE OR 

FILE 
INJURY OR EMPLOYEE'S NAME 
ONSET OF (Firat neme or Initial, middle initial, lalt nema) 

NUMBER 
ILLNESS 

Mo./day/yr. 
( 1 ) (2) (3 ) 

Company Name ___________________ _ 

Establishment Name 
Establishment Address _________________ _ 

14-30 

I 
OCCUPATICJN I 

DEPARTMENT 
(Enter r8jjlJlar Jab title, not 

(Ernar department in ectlvlty employee "" •• per-
which the employ .. i. forming when injurad or at 

onMt of IIln .... 1 regularlvemployed.) 

(4) (5) 

NOTE: Thil is NOT a report form. Keep it in the 
establilhment for 5 vears. 

DESC 

Nature of ' 
BOdy Aifet 
(Tvpical en 
AmpuUltio 
Strain of 10 

Contact del 
EIKtfocutl 



RECORDABLE CASES: You aIe required to record information about: everY occupational death' 
every nonfatal occupational illness; and those nonfatal occupational !!!Juries' which- involve 0iieQ; 
more of the following: 10ssOlConsciousness, restriction of work or mOllon. transfer to another 
job, or medical treatment lother than flIst aid). 

More complete definitions appear on the other side of this form. 

RIPTION OF INJURY OR ILLNESS EXTENT OF AND OUTCOME OF CASES 

.nJury or Illness and Part(sl of 
:ted 
tries for this column mIght be: 
n of lit joint right forefinger 
war back 
'matltl. on both hand. 
on-body) 

(6) 

-

-

--

! 
LOST WORKDAY CASES 

Injury or LOST WORKDAYS 

I lin ... DEATHS 
Code (Enter 
See cod .. dete of Ent.r number 

Enter numb .. 
death.) Enter a check of day. of at bottom 

.01 page. If ee .. Involved 
of day. AWAY 
FROM WORK 

RESTRICTED 
lolt workday •. 

Mo./day/yr. 
(7) (8) 

Injury Cude 

10 All occupational IIlJUrleS 

Illness Codes 

(9) 

WORK ACTlV· 
due to Injury ITY due to Injury 
orllln ... or IIlnes •. 

(9AI (9B) 

21 U("cupallonal skm disea,cs or dIsorders 25 Disorder, due to phy,ical agenls (other 
than tOXIC mat~Clals) 22 Dust diseases of the iungs Ipneumoconios~s) 

23 Respiratory conditions due to toxic agents 
24 Poisoning (systemic effects of toxic materials) 

26 Disorders associaled with repeated trauma 
29 All other occupational illnesse, 
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NONFATAL TERMINATIONS 

CASES WITHOUT OR PERMANEN' 

LOST TRANSFERS 

WORKDAYS (E nter a check If 

(Enter e check If the entry In col· 
umns 9 or 10 no entry was 
r.presented a ter made In columns 
mln.tion or per~ 8 or 9 but tha 

eale is recordable, manant transf.r.' 

a. definad above. I 

(10) (11) 



CHANGES IN EXTENT OF OR OUTCOME OF INJURY OR ILLNESS 

If, during the 5-year period the log must be retained, there is a 
change in a case which affects entries in columns 9 or 10, the fIrst 
entry should be lined out and a new entry made. For example, if 
an injured employee at fIrst required only medical treatment but 
later lost wor!.days, the check in column 10 should be lined out, a 
check entered in column 9, and the number of lost workdays 
entered in columns 9A and/or 9B. 

In another example, if an employee with an occupational 

illness lost workdays, returned to work, and then died of the illness. 
the entries in columns 9,9:\, and/or 9B should be lined out and the 
date of death entered in column 8. 

The entire entry for a case should be lined out if the case is 
later found to be nonrecordable. Examples are: A case which is 
later determmed not to be work related, or a case which was initially 
thought to involve medical treatment but later was determined to 
have involved only fIrst aid. 

DEFINITIONS 

RECORDABLE OCCUPATIONAL INJURIES AND ILLNESSES are: 

1) OCCUPATIONAL DEATHS, regardless of the time between 

injury and death, or the length of the illness; or 

2) OCCUPATIONAL ILLNESSES; or 

3) OCCUPATIONAL INJU~ES which involve one or more of 

the foLlowing: loIS of consciousness, restriction of work or motion, 

transfer to another job, or medical treatment (othez than fill! aid.) 

NOI E: Any case which involves lost workdays must be r"eorded 
since it always involves one or more of the criteria for recordability. 

OCCUPATIONAL INJURY is any injury such as a cut, fracture, 

spraIn, amputation, etc., which results from a work accident or from an 

exposure involving a single incident in the work environment. 

NOTE: Conditions resulting from animal bites, such as insect or snake 
bites. or from one-time exposure to chemical. are considered to be 
injuries. 

OCCUPATIONAL ILLNESS of an employee is any abnormal 

~onditlon or disorder, other than one resulting from an occupational 

inlur}, caused by exposure to environmental factors associated with 

employment. It includes acute and chronic illnesses or diseases which 

may be caused by inhalation, absorption, ingestion, or direct contact. 

The following listing gives the ca tegories of occupational illnesses 

dIld disorders that wIll be utilized for the purpose of classifying record­

able Illnesses. nle IdentifYIng codes are those to be used in column 7 of 

the log. For purposes of information, examples of each category are 

gIVen. These are typical examples, however, and are not to be conSIdered 

to be the complete listing of the types of Illnesses and disorders that are 

to be counted under each category. 

(21) O~cupational Skin Dis"ases or Disorders 

Examples: Contact dermatitis, eczema, or rash caused by pri· 

mary irntants and senSItizers or poisonous plants; oil acne; chrome 

ulcers; chemIcal burns or inflammations; etc. 

(22) Dust Diseases of the Lungs (Pneumoconioses) 

Examples: Silicosis, asbestosis, coal worke,'s pneumoconiosis, 

bYSSinosis, and other pneumoconioses. 

(23) Respiratory Conditions Due to Toxic Agents 

Lxamples: PneumonitIS, pharyngllls, rhinitis or acute congesuon 

due to chemicals, dusts, gases, or fumes; farmer's lung; etc. 

(24) POisoning (SystemIc Effc~ts of Toxic Materials) 

E.xamples: Poisoning by lead, mercury, cadmIUm, arsenIc. Or 

other metals, pOisoning by carbon monOXide, hydrogen sulfide Of 

other gases; pOisoning by benzol, carbon tetrachloride, or other 

organic solvents; poiSOnIng by irrsectlclde sprays such a, parathion, 

lead arsenate; poisoning by other chemicals such as formaldehyde, 

plastics and resins; etc. 

(25) Disorders Due to Physical Agents (Other Than Toxic Materials) 

Examples; Heatstroke, sunstroke, heat exhaustIOn and other 

effects of environmental heat; freezing, frostbite and effects of 

exposure to low temperatures; caisson disease; effects of IOniZing 

radiation (isotopes, X-rays, radium); effects of nonionizing radia· 

tion (welding flash, ultraviolet rays, microwaves, sunburn); etc. 

(26) Disorders Associated With Repeated Trauma 

Examples: Noise-induced hearing loss; synovitis, tenosynovitis, 

and bursitis; Raynaud's phenomena; and other conditions due to 

repeated motion, vibration or pr~ssure. 

(29) All Other Occupational Illnesses 

Examples: Anthrax, brucellosis, mfectious hepatitis, malignant 

and benign tumors, food poisoning, histoplasmosis, coccldioido· 

mycosis, etc. 

MEDICAL TREATMENT includes treatment (other than first 

aid) administered by a physician or by registered professional personnel 

under the standing orders of a physician. Medical treatment does NOT 

include fust aid treatment (one-time treatment and subsequent observa· 

tion of minor scratches, cuts, burns. splinters, and so forth, which do not 

ordinarily require medical care) even though provided by a physician or 

registered professional personnel. 

ESTABLISHMENT: A single phYSical location where business is 

conducted Of where serVIces or industrial operatIOns are performed (for 

example: a factory, mill, store, hotel, restaurant, movie theater, farm, 

ranch, bank, sales offIce, warehouse, or central administrative offIce). 

Where distinctly separate activities are performed at· a single physical 

location (such as contract construction activities operated from the 

same phYSIcal location as a lumber yard), each activity shall be treated 

as a separate establishment. 

For fums engaged in actiVIties such as agnculture, construction, 

transportatIOn, communications, and electric, gas and sanitary services, 

which may be physically disperse,!, records may be maintained at a place 

to which employees report each day. 

Records for personnel who do not primarily report or work at a 

single establishment. such as traveling salesmen, technicians, engineers, 

etc., shall be maintained at the location from which they are paid or the 

base from whIch personnel operate to carry out their actIvities. 

WOR K ENVI ~ONMENT IS comprised of the physical location, 

eqUIpment, materials processed or used. and the kInds of operations 

performed by an employee in the performance of his work, whether on 

or off the erl'1:' Jyer's premises. 
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OSHA No. 102 Complete no later than one month after close of calendar year. See. back of this 
form for posting requirements and instructions. 

Form Approved 

OMB No. 44R 1453 

Establ ishment: 

NAME 
ADDRESS 

SUMMARY 
OF 

OCCUPATIONAL INJURIES AND ILLNESSES 
FOR CALENDAR YEAR 19 _ 

LOST WORKDAY CASES 

TOTAL 
CASES DEATHS Total Cases Days 

Lost Involving 
Away From INJURY AND Workday Days Away 

ILLNESS CATEGORY Casas From Work 
Work 

Number of Number of Number of Number of Sum of 
C entries In entries In check,ln entries in entries in 

0 Col. 7 of Col. 8 of Col. 9 of Col. 9A of Col. 9A of 
CATE90RY D the log. the log. the log. the log. the log. 

E (1) (2) (3) (4) (5) 

OCCUPATIONAL INJURIES 10 

Occupational Skin Diseases 
or Disorders oJ 21 

0 
C Dust Diseases of the Lungs 22 
C 
U Respiratory Conditions Due P 
A to Tax ic Agents 23 

T POisoning (Systemic Effects I 24 
0 of Toxic Materials) 

N 
A Disorders Due to 

L PhYSical Agents 25 

I Disorders ASSOCIated 

L 
With Repeated Trauma 26 

---- ----- --. 
L 
N All Other Occupational 

E Illnesses 29 

S 
S TOTAL-OCCUPATIONAL 
E ILLNESSES 30 
S ISum of codes 21 th.ough 

code 29) 

Use previous edition of this I 
form for summarizing your I 

1974 cases. This edition is for I 
summarizing your cases for I 

I 1975 and subsequent years. I 

NONFATAL 
TERMINA· 

CASES 
TlONS OR 

PERMA· 
Days of WITHOUT 

NENT 
Restricted LOST 

TRANS· 
Work ~ORKDAYS 

Activity 
FERS 

Sum of Number of Number of 
entries in checks In checks in 

Col. 98 of Col. 10 of Col. 11 of 
the log. the log. the log. 

(6) (7) (8) 

--

.-

--

f- -- -- -- ----- ------ ----- ----------

~- }[-~-=rI 
I I I TOTAL-OCCUPATIONAL 

INJURIES AND ILLNESSES 31 
(Sum ot code 10 and code 30) 

- -----

fhls IS NOT a report form. Keep It In the estab· 
lishment for 5 years. 

I certify that thiS Summary of Occupational Injuries and Illnesses 

is true and complete, to the best of my knowledge. 

Signature 

ritle 

Date 
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SUMMARY OF OCCUPATIONAL INJURIES AND ILLNESSES 

Ellery employer who is subject to the record keeping requirements of the Occupational Safety and Health Act of 1970 must use this form to pre­
pare an annual summary of the occupational injury and illness experience of the employees in each of his establishments within one month following 
the end of each year. 

POSTING REGUIR EMENTS: A copy or copies of the summary must be posted at each establishment in the place or places where notices to em· 
ployees are customarily posted. This summary must be posted no later than February 1 and must remain in place until March 1. 

INSTRUCTIONS for completing this form: All entries must be summarized from the log (OSHA No.1 (0) or its equivalent. Before preparing 
this summary, review the log to be sure that entries are correct and each case is included in only one of the follOWing classes: deaths (date In columrl 
8), lost workday casas (check in column 9), or nonfatal cases without lost workdays (check in column 10). If an employee's loss of workdays is can· 
tinuing at the time the summary is being made, estimate the number of future workdays he will lose and add that estimate to the workdays he has al­
ready lost and include this total in the summary. No further entries are to be made with respect to such casas in the next year's summary. 

Occupational injuries and the sellen categories of occupational illnesses are to be summarized separately. Identify each case by the code in column 
7 of the log of occupational injuries and illnesses. 

The summary from the log is made as follows: 

A. For occupational injuri~s (identifiud by a code 10 in column 7 of the log form) make entl ius on the line for code 10 of this form. 

Column 1-Total Cases. Count the number of entries which halle a code 10 in column 7 of the log. Enter this total In column 1 of thiS 
foom. This is the total of occupdtional injuries for the year. 

Column 2-Death&. Count the numbor of entries (date of death) for occupational injuries in column 8 of the log. 
Column 3-Total Lost Workday Cases. Count the numbor of checks for occupational injuries in column 9 of the !og. 
Column 4·-Cases Involving Days Away From Work. Count the number of entries for occupational Injuries in column 9A of the log. 
Column 5 -Days Away From Work. Add the entries (total days away) for occupational injuries in column 9A of the log. 
Column 6-Days of Restricted Work Activity. Add thA entries (total of such days' for occupational injuries in column 9B of the log. 
Column 7-/llonfatal Cases Without Lost Workdays. Count the numbor of chocks for occupational injuries in column 10 of the log. 
Column 8-Terminations or Permanent Transfers. Count the number of checks for occupational injuries in column 11 of the log. 
CH ECK: If the totals for code 10 have been entered correcliy, the sum of columns 2, 3, and 7 will equal the number enterad in column 1. 

(;I. Follow the same procedule for each illness code, entering the totals on the appropriate line of this form. 

C. Add the entries for codes 21 through 29 in each column for occupational illnesses and enter totals on the line for code 30. 

D. Add the entries for codes 10 and 30 in each column and enter totals on the line for code 31. 

CHECK: If the summary has been made correctly, the entry in column 1 of the total line (code 31) of thiS form will equal the total number 
of cases on the log. 

The person responsible for the preparation of the summary shall certify that it IS true and complete by signing the statement on the form. 

Use previous edition of this form for summarizing your t '174 cases. ThiS edition is for summarizing your cases for 1975 and sub· 
sequent years. Forms for the 1974 summary can be ohtained from the appropriate State statistical grant agency (if there is one in 
your State) or from the appropriate Regional Office of the Bureau of Labor Statistic~. Addresses are in the booklet entitled Record· 
keeping Requirements under the Occupational Safety and Health Act of 1970. 
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Region I: Connecticul, Maine.. MasaachuleUs. New Hamplhire, 
Rhode lsl.Rd, Vermont 
18 OUver Street 
Boston, Massachuaetts 01110 

Phone: 617-223-6712 

Atea Offices: 

450MeinStreel- Rm. 611 
Hartford, Connecticut 06103 

Phone: 203-144-1194 . 
Custum House BuUding, Stale Street 
Boston, M88IIftchuaetta 0'2109 

Phone: 617-213-4511 

55 Pleasant Street - Rm. 426 
Concord, New Hampshire 0330 I 

Phone: 603-224-1995 

43b DwiPlt Stred - Rm. 50 I 
Sprin(field. MaJlachusetts 01103 

Phone: 413-781·1420 

H.eglOn II: New York, New Jersey. Puer10 Rico. Viraln 111 .. ,,13. 
Canal Zone 
1515 Broadway 
New York, New York 10036 

Phone: 112·971-5911 

Area Office,: 

970 &oltd Street - Rm. 14 He 
Newark. New Jersey 07102 

Phone: 201,645-5930 

310 Old Country Ruad 
(Juden City, L.l., New York 11530 

Phone: 516-294-0400 

90 Church Street -' Rm. 1405 
New York, New York 10007 

Phone: 111-264-9340 

100 East Water Street - Rm. 203 
Syracuse. New York 13110 

Phone: 315·473-1100 

005 Condado .'venu~· Rm. 328 
Sanluree, Puerto ruco 00901 

Phone: 809-724·1059 

Hegl,"1 III. Oehwue, [)Utricl of COlumbia, Maryland. venn,yl 
vama, Vagitua, WeSl Virginba 
Gateway Cenler - Suite 15110 
3535 Market S1r~el 
Philadelphia, Pennsyl'Yllllia 191M 

Phone. 215-59'7·1201 

Area Offices: 

31 Hopkins Plaza - Rnl. 1110 
Baltimore. Marylan d 2 t 20 I 

Phone: 301·961-2&40 

lonnet 8uildin& - Rm. 802 
4099 WUllam Penn Hi""way 
Monroeville. Pennsylvania 1 5 141) 

Phone. 412-644-2905 

000 Arch Street Suite 4456 
PhOadelphia, P"nna.-ylvan,a 19100 

Phone: 21 S~59"1-495 5 

FI!Jeral BUildin. 
400 N. 8th Street - Rm. 8018 
P.O. Box 10186 
Richmond. Vifgima 2)240 

Phone. 804-782· 2864 

700 Virginia Slre~t - Suit~ 1726 
Charleston, West Virginia 25301 

Phone: j04-34J..6181 X420 

I{q:I'/1I IV. Alebama, l'lorH.h, GeorBtli. Kentucky, MlSSIJ.lIPPI, 

North Caroline, South Carolina. Tennessee 
1375 Peachtree Street, N.F_ 
~!tlte 587 
Atlanla, Georgia 30309 

Phone' 404·526-3573 

-\rcil U,',":l'S 

204'7 Canyon Ruad, ludd Mall 
li:Irmtngham. Al8bemJ 35216 

Phone. 205·822·7100 

118 North Royal SHeer - H.m. 600 
Mobile, Alabama 36601 

Phone: 20S-b9c}-2131 

3200 E. Oakland Park Blvd. - Rm. 104 
I'ort l.auderdale, Florida 33308 

Phone 305-735·6606 X3)1 

I a VI~la Perimeter Park Suite jJ 
BI111ding 10 
TUl.ker, (J.!o.gid 30384 

Phone: 404·93Q-8987 

OSHA REGIONAL AND AREA OFFICES 

2"110 lU'Yer1itie Drive 
Mecon. Georgia J 1204 

Phone: 912-7 .. 6-51403 

6605 Abercom Street - Suite 204 
Savannah, Georgia 31405 

Phone: 911·345-0733 

600 Federal Place Rm. S54-E 
LouLSVllle, Kentucky 40202 

Phone: 502·582.--6111 

2809 Art Museum Qri./e . SuU" 4 
lacksonville, Florida 3210'7 

Phone: 904-'791-2895 

310 New Bern A'Ye. - Rm. 378 
Raleigh, North Carolina 27601 

Phone; 919-755·41'0 

1"110 Ger.lais StTtet - Rm. 205 
Columbia, South Carolina 29201 

Phone: 80J.76S-5904 

5760 I-55 No. Frontage Rd.. East 
Jackson. Missb.ippi 39200 

Phone: 601·969-4606 

1600 H.yel Street - Suite )01 
Nuhville, Tennessee 37203 

Phone: 61S-149-5313 

K.eglan Y: Illinois, Indiana, M1chilaft. Minnesota. Ohio, Wbcon~ln 
130 So. Dearborn, 38th Aoor 
Chicago. lUinoil 60604 

Phone: 311·353-4716 

Area Offices: 

230 So. Dearborn, 10th floor 
Chicago, IHinois 60604 

Phone: 312·35).1390 

46 Eat Ohio Street - Rm.. 413 
Indlanapolil, Indiana 46104 

Phone: 31'·633-1384 

220 Bailey Avenue - Rm. b20 
Detroit. Mlt:hi&an 48210 

Phone: 31 ~216-6720 

110 South Fourth Streel - Rm.43'7 
Uinneapolil, Minnesota 55401 

Pttone: 611-725·2571 

S50 Main Street - Rm.4028 
CinCinnati, Ohio 45101 

Phone: 513-684-1355 

1240 wt Ninlh Street - Rm. 847 
Cleveland, OhlO 44199 

Phone: 216-511·3818 

360 So. Third Streel - Rm. 109 
Columbus. Ohio 43215 

Phone: 614-469·5582 

234 N. Summit Street - Rm. 134 
Toledo, Ohio 43604 

Phone: 419·159·7541 

633 W. W\&coMm Ave. - Rm. 400 
Mihnukee, Wtsconsin 53203 

Phone: 414-214·10)0 

H.eglon VI. Atkansal. Louisiana. New MeAI":o, Okllthom ... reAa:. 
555 Grimn Square Bldg., 6th floor 
Dallas. Tel.ja6 15201 

Phone: 214-149·2477 
Arca Officel: 

103 East 7th Street - H.m 510 
lillie Rock, ArkansAS 72201 

Phone: 501·)78·6191 

546 Carondelet Street - Rm. 202 
New 01leans, Louisiana 70130 

Phone: 504·511 245 I 

1015 Jacksun Kellt!r H.UII\J Rm 112 
San Anlonio. rel.1S 78213 

Phon!!. 512·225·5511 Ext, 4591 

·no South ~ouIJe, . Km.514 
luua,Okldhomh 74103 

Phone: 918·581·7616 

1412 MaIO Street - SUite 1820 
OaHu, TUAS 75202 

Phone: 114·149·1186 

2j~0 LaBranch 3heet . Km :!11K 
HotJ~ton, ·lex&!. 17004 

Phone. 713·226-5431 
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1205 Texas Avenue - Rm. ~ll 
t.ubb£)ck, TexlI! "19401 

Pl'HJne. 806·162·1681 

421 Gold Ave., S.W. - Rm. 302 
P.O. Bu .. 1428 
AJbuquerque. New Mel.ko 87103 

Ph0ne: 505·766·3411 

!(clPQn VII Iowa. Kansas, MISSOUri, Nebra~k.ll 
911 Walnut Street - Rm. 3000 
i<JImasClty. Missouri 64106 

Phone: 816-374·5861 

Mea OffiCe!: 

1627 M&'1n Street Rm. 1100 
KAnns City, Missouri 64101S 

Phune: 816--374·1756 

210 ~rlh 11th Boutevard l<m.554 
Sc LouIS, Minouri 63101 

Phone. 314-622·5461 

Iblh .nd H.mey Street 
CilY Sl.lil>nal Bank 8ui1din~ Rm.80J 
Omaha, Nebraska 68102 

Phone: 402·211·3276 

221 South 8roadwl)I SIred Suite 312 
Wichila. Klnw; 67202 

Phone: 316·261·6311 E",- 644 

Meg.!)" VIII Colorado Montftlla North Dekoh, Suuth Udk..,IiI, 
Utah, Wyoming , 
1961 Stout Stre~t Rm.15010 
Denver, Colorado &0202 

Phone: }O)·8)7·38R] 

8527 W Colfax Avenue 
Lak.~fX)d, Cololado IUlll5 

Phone 30]·234·4411 

2812 I~I Avenue Nnrth Sulle ~25 
B6l1lRft~, Montana 59101 

Phone: 406·245·6711 b.t 0049 

455 East 4th South - Sulle 309 
Salt Lake Cily, Utah 84111 

Phone: 801·524·5080 

Hegton IX Arizona, Californaa. Hawalt, Ne'Yad., lrtiam ,4,meru .. ah 
Samoll, Trun Territory of the PaCific Wand. 
450 ("..olden Clle Avenue - Rm. 9410 
P.O. 80x 36011 
San FtanclSoCo. Califomb 94102 

Phone: 415·556'()586 

Area Offices. 

2121 North Central Avenue - Suite 318 
Phoenu Arizona 85004 

Phc}ne: 602·261-4857 

1<,1 Pine "venue Rm. 40 I 
Long Bellch. C.h(omilt 90802 

Phone: 21 J..432·34034 

Io)f) .~lAJhster SIreet - Hm. 170b 
~8n Francisco, California 94102 

i-"hone: 415·556·0536 

33] (/Ut:en Slrt:el - SUite 50S 
H()nolulu, Hawaii 9681 J 

Phone 808·S46--3151 

1100 I:.asl Willillm Street Suite 222 
Caf1.(ln City, Ne'Yuda 89101 

Ph'Jne: 102883-1226 

Keglou X 4,laska Idaho. Oregon, WlIshmgton 
506 Secon,j AVenue - Rm. 1808 
~attle, WiUnmgton 98104 

Ptl<mC' ~06·442·59]O 

605 '''''e~t 41t! A'ie .. - Hom, 221 
Anch0rBKe. Alaska 99501 

f1oon~ 907·212·5561 bo.!. MSI 

921 ::, W Washlnglon Street Hm. S26 
PlJn!anLl, Oregon 91205 

Phonc. SO.lT:!I·2251 

III I01U! ",venue, N.l-. Rm. 11 II 
~cllcvue. \'.ashlngton 98004 

Phont: 206·442·7520 

1~1i JoJJt1o Blilldin~ 
B(j!~ IJ,dw 8,n02 

1"1",n..: 20lS- 342 2111 1,1 2tL22 



Alabama D~partment of Labor 
2041 Canyon Road 
Todd Mall 
Birmingham, Alabama 35216 

Phone: (205) 822·9352 

Alasio;.a Department of Labor 
P.O. Box 3-7000 
June<!u. Alaska 99MOI 

Phone: (907) 586·M30 

Amt!r1can S(lmoa Department of Manpower Resoun:es 
PiigO Pago, American Samoa 96799 

Phone: 6H·6485 

Industrial Commission of Arizona 
P.O. Box 19070 
Phoenix, Arizona 85005 

Phon": (602) 271·4411 

Arkansas Department of Labor 
Capitol Hill Building 
Little Rock, Arkansas 72201 

Phone: (501) 371·1431 

California Departmenl of Industrial Relations 
Division of Labor Statistics and Research 
455 Golden Gate Avenue 
San Francisco. California 94102 

Phone: (415) 557· 3317 

Colorado Department of Labor and Employment 
Division of Labor 
200 E. 9th Avenue 
Denver, Colorado 80203 

Phone: (303) 573-0593 

Connecticut Department of Labor 
200 Folly Brook Boulevard 
Wethersfield, Connecticut Of) 1 09 

Phone: (203) 566-4380 

District of Columbia Minimum Wagt: and 
lndu!)tnal Safety Board 

lndu~t rial Safety Division 
1900 Newton SI. N .E. 
Washington, D.C. 20018 

Phone: (201) 832·1572 

Delaware Department I)f Labor 
Division of lndll~trial Affairs 
618 No. Union Stre~t 
Wil rnington, Delawatl! 19805 

Phon.: (302) 571 2879 

f-lorida Department of Commeu:t: 
Ashley Building Kill. 202 
1321 Executive Center Drive. East 
Tallahassee, J10rida 32301 

Phon". (904) 488·5837 

l,uaOl Dcpartmcnl of Labor 
1).0. Box 2950 
·\~<lna. Guam 4blj I 0 

I'hone. 777-9823 

Ilav.all Department uf Labor 
.tnd Induseri.!! Kdalions 

825 Mililani Stret:( 
Honolulu, HawaJi 96K l3 

PhuHe: (80H) 5487638 

Idaho lntlll.!<>trlal l"ommissiun 
lnduslfldl '\drninlstralion Bull~hnr 
3 17 M Bin St n'c{ 
Boise, Idahu 83702 

Phone: (208) 3~4 2193 

l11ino~ Indllstri31 ('0 mrnlssion 
160 North LaSalle Stred 
Chicago, illinOIS 60601 

Phone. (312) 793·5655 

Indiana Olvisinn of Labor 
1013 Srate Offi~e Bllildlng 
100 No, Senate Avt:nUi! 
Indianapolis. Indl,lOa 46204 

Phone: (Jl7) 633-447) 

1,,\ .... <1 Hutt:dU 01 Lahnt 
State HnuSt: 
!-ast 71h and lOUr( 

rln Moines. IrHI,:a 50319 
Phon!;!. (515) .2 81· 3606 

l\.dnS.3S Departlnellt of Hcalth 
F'Ht't~S Air hlru: Hasc 
Uuil\.tin~ 740 
I dpeka, K,lI1StI!) bn6ln 

~'h,lnt': (Q I J) 2Q6·3S,23 

STATISTICAL GRANT AGENCIES 

Kentucky Department of Labor 
Research and Statistics Dtvision 
Capitol Plaza Tower 
Frankfort. Kentucky 40601 

Phone: (SOl) 564-6605 

Louisiana Department of Labor 
P.O. Box 44063 
100S National Resources Building 
Baton Rouge, Louisiana 70804 

Phone: (504) 389·5314 

Maine Department of Manpuwer Affalu 
Bureau of Labor and Industry 
Division of Research and Statistics 
Augusta, Maine 04330 

Phone: (207) 289·3331 

Milryland Department of licenSing 
Hod R~gulation 

Division of Labor and lndu!)try 
203 E. Baltimore Street 
Baltimore. Maryland 21202 

Phone: (301) )83-2264 

Massat.:husetts Department of Labor and Indusf"t:~ 
Division of Statistics 
Leverett Saltonstall State UfflCc tluildlOg 
100 Cambridge Strt::et 
Roston, Massachusetts 01:202 

Phone: (617) 727·3593 

Michigan Department of Labor 
300 E. Michigan Avenue 
Lansin~, MiL:higan 48926 

Phone: (5 17) J7 3- 3566 

Minnesot3 Department of Lahor and Industry 
444 I.afayette Road 
St. Paul, Mmneoota 55101 

Phone: (bI2) 296-489) 

Mississippi State Bo:ud tlf Health 
Division ot Occupational Safcty and Health 
2628 Southerland Street 
Jackson. MissiSSippi 39216 

Phon": (6tll) 982·6315 

Missouri DiviSIOn df Workmen's CompensatIOn 
P.O. Hox 449 
lefferson Cit \', -Missouri 65 101 

Phone: (314) 751·4231 

Montana l)~partment of Labor and Inllustry 
Workmen'" COlllpen~ati()n Oi\,l~i(}n 
B 1 S Front SI re!!t 
Hc!'lena, MlllHana 59001 

I'hone' (406) 449·3182 

Nehraska \\or"m(!n's ('ompeu!>,iII/'11 (·OUr! 

Capitol Ihllldln~ 13th Hoor 
Lincoln, N~hrask,j 6KsnQ 

Phone: (402) 471 2S6K 

Nt·\',' lIaOlf'!>hlre lJepartrnent of LatH'1 

I '>!lI\IIury Sired 

CqrH;t'rd. Nt!w HOimpshire 03301 
Ptwne: (bOJ) 2713176 

New J('f'\C~ 1)~parlf11t"nt (If Labor and Industry 
P.U. ilOK 2765 
T .. encon. New lcr",ey 066::S 

Phone: (bOq) 2'Jl kY97 

New 1\1t'>.h.:o He,dlh and Socwl ServH:t:s I Icp,lI I 1Ilt.:lli 
Envtronmenl<iJ Impfovement Ajlt:oL)' 
Occupauon;11 lIeaHll and Safdy SellllHl 
P.O, Boll. 1.\4:-1 

Sant.t rt', Nt'\'" Mexlo';o 1l750t 
Pj1~)ne. (50S) 827·527] 

Nt!w Yllr\... State Dt!'partmenl of L<thor 
l>ivlsl(lO of He!)'cdrch ;snd Stall .... tlcs 
2 World fr,lde ('enlcr 
Ne ..... )(ork. New York 10047 

Phone: (212) 488-4b61 

Ndrlh Carulula llep<..lflilleni of ldhpi 
DIVi<-.1011 (If ~t IllSlics 
I' O. Bux .!-;'-l07 
Katt'i~h, North ("I1OlIu:, 27hll 

Phllne: (419) B29A940 

Noflh I)"kotil \V{Jll-.lTlcn\ t lllnpclI,>.dHlIl 11111<:.111 

Stati"tlt:,lllkI'Jrllllt;nt 'lth HI"H 
State ('arltol 
Ui,\mark North Dakot.1 SKSO 1 

"hone (7tH) 124·2700 Ll(I ') 
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Ohio Department vf Industrial Re1!1l1on\ 
OSHA Survey Operations 
P.O. Box 1235S 
Cohlmbus, Ohio 43212 

Phone: (614) 466-7520 

Oklahoma Department of Helilth 
Divbion of Public Health and StaltStics 
10th and Stonewall 
P.O. Box 53551 
Okbhoma City, Oklahnma 73105 

I'hone: (405) 271·4542 

()rcl,(on Workmt::n's Compensation Hoard 
PlanOlng and Research 
2111 Front. N.E. 
Sal~m. Oregon 97JI0 

Phone: ts03) 378·8254 

rt!nn~ylvaOla Department of Labor and IIIJu~(ry 
7th and Forster Streets 
Harrisburg. Pennsyl .... ~nia I"') 120 

Phone: (717) 787·1918 

PlJerto Rieo Departm::nt of I dhor 
Burdau of Labor Statistic:s 
414 Barbosa Av~nue 
Hat,) R~y, Puerto Rico 00917 

Phone: (80Q) 763·3827 

Rhode IslanJ Department of Labor 
235 Promen~dt:: Street 
Providence, Rhode hlalld 02908 

Phone: (401) 277·2731 

Sourh Caroilna Department of Labor 
P.O. Box I I )2" 
Coillmbia, South Carolina 29211 

Phone: (803) 758·8507 

South Dakota Department of Health 
DiVision of Puhlic Health Statistic.'> 
I>i.t:rre. South Dak'lta 5750. 

Ph,·ne: (605) 224·3355 

fennessct: J)cpartmclIl of Labor 
Cordell HIlI! Building C 1·125 
NashVllle, Tenness!.:t: 37219 

Phone: (615) 741·1748 

fe .. as Department of HCillth 
DiVIsion of OL:cupational Safety 
It 00 \\'~ot;t 49th Street 
Austin. Te;l(as 78756 

Phone: (512) 454·3781 

Utah IndU~Irj,lll urnmlSSt(Jn 
158 Social Hall Avenue 
Salt Lake City, Utah 84111 

Phone. (801) 128·5688 

Vel m01l1 Ikpdrtment uf Lat!or anJ IcdlJ<;tr~ 
Stale Offic~ Building 
\1ofltpelier. Vermllnl 05h02 

Phone. {SOl) 81H-22Hn 

VrTletl.., Islands lJeparlment of Labur 
P.O. Box 148 
Sl. Thomas, Virgin Islands. 0080 I 

Phone: (809) 774·3650 

Virginia ilep,Htment {.f Lahor and Indu'ilry 
p. n, Bu l( III I 4 
Nmth Sfreel Offid! Building 
Ri{'hnhlnJ, Virglnlu 2.1114 

Phone: (B04) 770·:'UbS 

\Va:.htn~ton [)t::partnH'nt uf Labor and InJustrie'l. 
1'.0. Box 2589 
Oh mpia, Wdshlll~t<ln YtiS04 

Phone. (206) 75.1·4013 

W<:-..t Vlrglnlil nl'~l;lItll\t!nl of Labor 
(':.tpllol COf1lplc\ Hutldin~ 4(, - Rill. 4)7 
(,h;HII~ston. Wt!~l \'trg:ulla 2SJ05 

Phone (J04, J48·7b90 

WI~,:\)nsln lkpartment IIf Industry, l.dbllf 
.lllJ Human ReI:ltlC,n'" 

10 I F. W,lsh ington Avenue 
Madison, Wi.<iCOnSlIl 5]702 

Phcltlt: (60ti) 26b-7SS'J 

W'!llInlng L>cpaC1m~flt of 1 abor ant.! SI<ltl\IIL:-:. 
Stllte Offic~ Bldg. Eilst 3rd Floor 
n"')t!nnc, WYOOllllg S2002 

Phone: (307) 777 7261 



REGION I-Boston 

UNITED STATES DEPARTMENT OF LABOR 
BUREAU OF LABOR STATISTICS-REGIONAL OFFICES 

REGION 4-Atlanta 
1603-A Federal Office Buildin, 
Boston, Maaaachuletts 02203 
Phone: 617-223-4533 

REGION 2-New York 
1515 Broadway 
New York, New York 10036 
Phone: 212-971-5915 

REGION 3-Philadelphia 
P.O. Box 13309 
Philadelphia, Pa. 19101 
Phone: 215-597-1162 

1371 Peachtree St., N.E. 
Atlanta, Georgia 30309 
Phone: 404-526-3660 

Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Island 
Vermont 

REGION 5-Chicago 

New Jersey 
New York 
Puerto Rico 
Virgin Islands 

REGION 6-Dallas 

Delaware 
District of Columbia 
Maryland 
Pennsylvania 
Virginia 
West Virgin ia 

REGIONS 7 and 8-Kansas 

."labama Mississippi 
Florida North CarOlina 
Georgia South Carolina 
Kentucky Tennessee 

HEGIONS 9 and iO-San Fran-
230 So. Dearborn - 9th Floor 
Chicago, Dlinois 60604 
Phone: 312-353-7253 

555 Griffin Square Bull ding 
2nd Floor 
Dallas, Texas 75202 
Phone: 214-749-1781 

City and Denver 
Federal Office Building 
911 Walnu t Street 

cisco and Seattle 
450 Golden Gate Avenue 
Box 36017 

Illinois 
Indiana 
Michigan 
Minnesota 
Ohio 
W~consin 

Arkansas 
Louisiana 
New Mexico 
Oklahoma 
Texas 

Kansas City, Missouri 64106 
Phone: 816-374-3685 

Colorado Nebraska 
Iowa North Dakota 
Kansas South Dakota 
Missouri Utah 
Montana Wyoming 

RECORDKEEPlNG AIDS 

San frdncisco, California 94102 
Phone: 415-556-8980 

Alaska Idaho 
Arizona Nevada 
California Oregon 
HaWaIi Washington 

What Every Employer Needs to Know About OSHA Recordkeeping 

A booklet containing answers to more than 160 questions fr~4u~ntly asked about record­
keeping. The order blank below may be used to request copies. 

The Audio Aid to OSHA Recordkeeping 

A package containing a cassette tape, the recordkeeping requirements booklet, alld What Ev~ry 
Employer Needs to Know About OSHA Recordkeeping. Using the sample entries in the 
recordkeeping booklet as a guide, the tape gives a detailed explanation of how to corrcL"tly 
record work-related injuries and illnesses. Can be purchased at a cost of $ 5 from the National 
Audiovisual Center, Washington, D.C. 20409. Checks should be made payable to the National 
Archives Trust Fund. 

NEED MORE RECORDKEEPING BOOKLETS OR FORMS? 

Booklets and forms can be obtained by completing the order form below and mailing it to the 
appropriate State statistical grant agency (if there is one in your Stak) or to the nearest Hegional 
Office of the Bureau of Labor Statistics. 

From: 

Name 

ORDER FORM 

Name 

Firm __________ . _________ ~~~ _______________ ._ 

Street Address ____ . ________ _ 

City and State ___ --,-_ _ ______ ZIP _______ _ 
-Please send me the following items at no charge: 
__ Recordkeeping Booklets 
__ Log of Occupational Injuries and llInesses (Form OSHA 100) 
__ Supplementary Record of Occupational Injuries and lllnesses (Form OSH A 10 I) 
__ Summary of Occupational Injuries and Illnesses (Form OSHA 102) 
__ Poster: Job Safety and Health Protection 
__ Booklet: What Every Employer Needs to Know About OSHA Recordke~ping 

To assist you with prompt, accurate shipping, I have typed or printed the address label 
below. Please use it in sending my order. 

ADDRESS LABEL 

Firm _____________________ . ____ _ 

Street Address _______________ _ 

City and State __________________ . ____ . __ ZIP 
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PART III. WORKSHOP LESSONS 





METHODS 

PURPOSE 

OBJECTIVES 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

WORKSHOP ON SAFETY PROGRAM PLANNING NO. W-l 

Practical Exercises and Discussion LENGTH 50 minutes 

Provide opportunities to practice basic steps in 
program planning. 

Enable the trainee to .•. 

1) Identify needs and requirements for a safety program 
in his/her science courses. 

2) Formulate objectives and evaluative measures 
for a safety program. 

3) Describe activities and resources to implement 
a safety program. 

Enabling Objective 
Management by Objectives (MBO) 
Primary Goal 
Secondary Goal 
Terminal Objective 

Lesson Plan 
Appendicss Band C 
School Documents for Program Planning (if available) 
Local Telephone Directories (if available) 
Chalkboard, Chalk, Eraser 

Lesson Plan (complete) 
Appendices Band C (if possible) 



INTRODUCTION 

Directions 

EXERCISE 1 

EXERCISE 2 

EXERCISE 3 

EXHIBITS 

CONTENTS 

W-l-l. Responsibilities Under the OSH Act 

W-l-2. Occupational Safety and Health Regulations 

WORKSHEETS 

W-l-l. Hazard Analysis . . . . . . . . . . . . . 
W-l-2. Safety Program Objectives and Evaluation 

W-1-3. Safety Program Activities and Resources 

SUPPLEMENTS 

Appendix B. Library Resources ... 

Appendix C. Directory of Resources 

W-1-2 

W-l-3 

W-l-4 

W-l-6 

W-l-7 

W-l-9 

W-l-ll 

W-l-12 

W-l-13 

W-1-17 

W-l-21 

B-1 

C-l 



L E S SON Workshop on Safety Program Planning NO. W-l 

NOTES 

Important! 

Important! 

INSTRUCTION 

INTRODUCTION 

Laboratory safety requires a continuous, 

comprehensive, and coordinated effort to be 

effective. Piecemeal attempt on a voluntary 

basis just won't do the job. Everybody must 

"get into the act" as a regular routine for 

safety programs to work. 

This workshop focuses on the planning 

aspects of a complete safety program for school 

science departments. 

Administrative program planning may normally 

be done by the "higher ups" in many organizations 

including schools. However, safety program 

planning is at least one great exception to this 

rule. In industry, management and supervision do 

not have a safe workplace without employee 

participation. In schools, few if any 

administrators and department heads can have 

safe laboratories without teacher and student 

cooperation. 

Of course, in the classroom the teacher is 

the "manager" and the student is the "worker." 

Management education has been emphasizing 

objectives in recent years. This leadership 

W-1-3 



LESSON Workshop on Safety Program Planning NO. W-l 

NOTES 

~anagement by Objectives 
(HBO) 

Important! 

Appendix B 

Recommendations 

INSTRUCTION 

style is known as Management by Objectives or 

MBO. The process is very similar to modern 

curriculum planning, so educators should feel at 

ease with it. Some schools may already be using 

MBO at the administrative level. 

The essence of the process is simply to 

decide what an individual or work unit should 

accomplish (performance objectives) and then 

evaluate performance or achievement against 

stated goals. Of course, there is much more to 

program and curriculum planning than writing 

objectives. However, in MBO as in teacher-pupil 

planning, all levels are involved in the 

goal-setting. 

The principles applied in this workshop 

should be useful in any planning situation. 

Support for worker (teacher and student) parti-

cipation in safety program planning may be found 

throughout the literature on occupational safety 

and health. 

Directions 

This workshop should be tackled as the 

climax of the In-Service Training Program. 

It should be introduced to teacher trainees as 
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LESSON Workshop on Safety Program Planning NO W-l 

NOTES 

Final exam 

Important! 

Worksheets W-l-l, W-1-2 
and W-1-3 

Exhibits W-l-l and W-1-2 

State and local 
Regulations 

Appendices Band C 

INSTRUCTION 

such in the first lecture lesson (hence the 

label of Workshop W-l). It may be considered 

as the final exam for the course. 

The workshop consists of 3 exercises to 

complete, preferably at least in part on the 

premises of the school science laboratory. 

Trainees may work individually or in groups. 

The results may be mailed to training supervi-

sors, but group discussion is essential to the 

planning process as a whole. 

Worksheets 

Each exercise contains a 4-page planning 

document. The completed set of worksheets makes 

up the basic plan for a safety program. 

Exhibits 

The lesson plan contains 2 explanatory 

exhibits about the Federal Occupational Safety 

and Health Act. State and local planning 

documents and legal requirements should also be 

used, if available. 

Supplements 

Trainees should have copies of Appendices 

Band C, if possible. 

W-1-5 



LESSON Workshop on Safety Program Planning NO. \V-l 

NOTES 

Basic need 

INSTRUCTION 

EXERCISE 1 

Program planning usually begins with some 

expression of need. An actual problem requires 

a solution or a potential problem should be 

eliminated or controlled. 

Possibly nobody has been injured in your 

school science lab to date. However, the 

potential for serious injury-producing accidents 

exists in all laboratories, as the literature so 

amply illustrates. Therefore, the basic need is 

to prevent all injury-producing accidents in the 

school science laboratory. 

But what is the nature and extent of 

safety and health hazards in your work area? 

What is already being done about them? \,,"nat 

else should be done about them? What exactly 

are the needs and requirements for a safety 

program in your own laboratory? 

The purpose of Exercise 1 is to find some 

answers to these questions. 

The first 2 pages provide a chance to take 

stock of what is and the next 2 pages to record 

what should be. The latter also give examples. 



LESSON Workshop on Safety Program Planning NO. W-l 

NOTES 

Needs, goals, and 
objectives may mean the 
same or different things 
to you. 

Constraints 

INSTRUCTION 

EXERCISE 2 

Having surveyed the hazard situation in 

your own domain, the next step in planning a 

safety program is to translate the needs and 

requirements into goals or objectives. You must 

also think of ways and means to measure success 

in achieving them. 

Using familiar educational terminology, 

let's call meeting our basic need the ultimate 

objective. Other primary needs or goals can be 

the terminal objectives. Then, secondary goals 

are like enabling objectives. 

But before you start writing, it might 

save time and effort in the long run to take a 

quick look at the ways these goal-setting and 

evaluative activities are now being done in 

your school. If there are constraints, you 

might as well get them on the table. And you 

should try to avoid making somebody else's 

mistake again or "reinventing the wheel." 

The worksheet for Exercise 2 is designed 

to help accomplish all of the above and more. 

Again, examples are given to get you going. 
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LESSON Workshop on Safety Program Planning NO. W-l 

NOTES 

Safety diagnosis 

Alternatives 

INSTRUCTION 

Eventually, the program objectives and 

evaluative measures should be as specific as 

instructional objectives that include perfor­

mance criteria. To save time now, however, 

simple action statements and means of evaluation 

will be enough. 

You should also keep in mind that program 

evaluation should not only measure achievement, 

but also point out weaknesses and areas for 

further improvement. In other words, evaluation 

is a diagnostic tool and safety program ills 

cannot be treated if they are ignored or denied. 

The treatment of program problems will 

probably involve changes in the planning 

process sooner or later. The last part of 

Exercise 2 gives you a chance to practice 

making recommendations for this kind of change. 

If this is a sticky situation in your school, 

follow the procedures required in other kinds 

of administrative change. Or, if you prefer, 

recommend changes in the present modus operandi 

for completing this exercise. 
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L E S SON Workshop on Safety Program Planning NO W-l 

NOTES 

If you are a new teacher, 
use your experiences as a 
student. 

Appendices Band C 

Appendix C 

INSTRUCTION 

EXERCISE 3 

The last exercise in this workshop gets 

down to the specifics of what to do and where 

to get help in implementing a safety program. 

First, look at where you are or where you 

have been. Jot down both success and failure, 

particularly in cases where you feel certain 

of the cause, These notes should make good 

reminders of what activities have or have not 

worked in the past, and why. 

Next, plan major activities for yourself 

and your students. Try to utilize the resources 

suggested in Appendices Band C or others that 

you know of. The worksheet provides examples 

as clues. 

Last, start your own directory of local 

resources, beginning with a search of the white 

and yellow pages for local branches of the 

national organizations listed in Appendix C. 

When you reach this point, you should 

have assembled and documented the beginnings 

of a real safety program for your science 

courses. Now is the time to go over all the 
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LESSON Workshop on Safety Program Planning NO. W-l 

NOTES 

Important! 

INSTRUCTION 

exercises and worksheets to see if your planning 

documentation "hangs together." Try to fill in 

major gaps and supplement with explanatory notes 

that seem to be helpful. 

Next Step_~ 

Training supervisors will determine how 

your safety program plan is to be revie\-Jed for 

~ompleting the requirements of this program. 

Group meetings with open discussion are recom­

mended. The value of the workshop is in the 

planning process more than in the results. 

Whether or not there is a group session, 

you should try to get some feedback on your 

efforts from at least your colleagues and 

preferably your work supervisors, too. 

W-l-10 



EXHIBIT W-l-l. RESPONSIBILITIES UNDER THE OSH ACT 

PL91.-596 
the Occupational Safety and Health Act 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH ~~~~'1~::~%'/~~;'52 
"To Qu.ur~ sale ond healthful working condffionr for working m." and 
women, by author/ling enforcement 01 ,h. standard! d.n!-;;ped ;J(ldet 'he 

Act, by Quuting and encouraging ,h. State, In 'h"" .Ho-ts to Ofl:.!,,, Jar. 
and healthful working conditions; by provIding lor "Hearen, Information, 

education, o"d 'raining in the lie/d of occupational so/.'y and he-:Jlth. and 

Public Law 91·596 

The Occupational Safety and Health Act of 1970 seeks to 
provide American workers with protection against personal 
injury and illness resulting from hazardous working condi­
tions. Under its terms. the Federal Government IS au­
thorized to develop and set mandatory occupational safety 
and health standards applicable to any business affecting 
interstate commerce. The responsibility for promulgating 
and enforcing occupational safety and health standards 
rests with the Department of Labor. 

The Department of Health. Education, and Welfare is 
responsible for conducting research on which new stand­
ards can be based, and for implementing education and 

HIGHLIGHTS OF AUTHORITIES UNDER PL 91-596: 

Department of Labor 

• To promulgate, modify and improve mandatory occupa­
tional safety and health standards. 

• To enforce the Act, with authority to enter factories ana 
other workplace areas to conduct inspections and investi­
gations of working conditions, equipment and materials, 
and to issue citations and impose penalties. 

• To prescribe regulations requiring employers to main­
tain accurate records and reports concerning work-related 
injury. illness and death. employee exposure to potentially 
toxic substances or other such records as considered ap­
propriate, in cooperation with the Department of Health, 
Education. and Welfare. 

• To develop and maintain a system of collecting, com­
piling and analyzing occupational safety and health sta­
tistics, in consultation with HEW. 

• To establish and supervise programs for the education 
and training of employee and employer personnel in the 
recognition, avoidance and prevention of unsafe or un­
healthful working conditions covered by the Act. in con­
sultation with HEW. 

• To make grants to States to assist in identifying their 
needs, for developing plans and to enforce the administra­
tion of the Federal occupational safety and health standards 
or equiva lent State standards. 

training programs for producing an adequate supply of 
manpower to carry out the purposes of the Act. HEW's 
responsibilities are carried out by the National Institute 
for Occupational Safety and Health. 

A 12-member National Advisory Committee on Occupa­
tional Safety and Health was also created by PL 91-596 to 
advise. consult and make recommendations to both the 
Secretaries of Labor and Health, Education. and Welfare. 
This Committee is composed of representatives of manage­
ment. labor. occupational safety and health professions. 
and the public. 

There is also a Presidentially appointed Occupational 
Safety and Health Review Commission which settles dis­
putes arising from enforcement of the Act. 

A National Commission on State Workmen's Compensa­
tion Laws was established to make a comprehensive study 
and evaluation of all work laws and report its findings to 
the President and the Congress by July 31, 1972. 

Department of Health, Education, and Welfare 

• To develop criteria for the establishment of national 
occupational safety and health standards. 

• To collect and analyze records and statistics on occu­
pational safety and health necessary for promulgation of 
new or improved mandatory occupational safety and health 
standards. 

• To conduct (directly or by grants or contracts) research 
or demonstrations relevant to occupationai safety and health. 
including studies of behavioral and mo~ivational factors. 

• To develop criteria for dealing with toxic materials and 
harmful physical agents, indicating safe exposure levels 
for workers for various periods of time, in consultation with 
the Department of Labor. 

• To make toxicity determinations on request by employer 
or employee groups_ 

• To publish an annual listing of all known toxic substances 
and the concentrations at which such toxici ty IS known 
to occur. 

• To conduct directly or by grants and contracts educa­
tional and training programs aimed at providing an adequate 
supply of qualified personnel to carry out the purposes of 
the Act, and informational programs on the importance 
of and proper use of adequate safety and health equipment. 

U. S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 

Public Health Service 

Center for Disease Control 
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EXHIBIT W-1-2. OCCUPATIONAL SAFETY AND HEALTH REGULATIONS 

Regulations for implementing the Occupational Safety and Health Act 
of 1970 are contained in the Code of Federal Regulations, Title 29, 
Chapter XVII, Part 1910. The abbreviated citation is 29 CFR 1910. 

The Code of Federal Regulations (CFR) is an annual codification of 
general and permanent rules published in the Federal Register by the 
Executive Departments and Agencies of the Federal Government. 

The Federal Register is a daily supplement to the Code of Federal 
Regulations. Included are Presidential proclamations, executive orders, 
and reorganization plans, as well as regulations to implement public laws. 

The Code is divided into 50 titles which represent broad areas that 
are subject to Federal regulation. Each title is divided into chapters which 
usually bear the name of the issuing agency. Each chapter is further 
subdivided into parts covering specific regulatory areas. Each part is 
divided into subparts containing the specific standards that may be 
applicable. 

Subparts of 29 CFR 1910 are: 

A - General 
B - Adoption and Extension of Established Federal Standards 
C - Reserved 
D - Walking-Working Surfaces 
E - Means of Egress 
F - Powered Platforms, Manlifts and Vehicle-}10unted Work Platforms 
G - Occupational Health and Environmental Control 
H - Hazardous Materials 
I - Personal Protective Equipment 
J - General Environmental Controls 
K - Medical and First Aid 
L - Fire Protection 
M - Compressed Gas and Compressed Air Equipment 
N - Materials Handling and Storage 
o - Machinery and ~~chine Guarding 
P - Hand and Portable Powered Tools and Other Hand-Held Equipment 
Q - Welding, Cutting and Brazing 
R - Special Industries 
S - Electrical 

Federal regulations for occupational safety and health apply in states 
that do not have an approved plan that is equivalent to Federal standards. 

W-1-12 



WORKSHEET W-l-l. HAZARD AN.~YSIS 

Complete this page and the next 3 pages for your school or work area. 

NAME DATE 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY STATE 

1. Area of Concern (Use your own terminology for overall science safety.) 

2. What potential safety and health hazards exist? Yes No ? 

a. Biological 

b. Chemical 

c. Electrical 

d. Mechanical 

e. Psychological 

f. Radiological 

g. Other (specify) 

h. Most important of the above (letter) 

3. What means are available to measure and evaluate 
the above hazards and/or their effects? Yes No ? 

a. Conference or consultation with experts 

b. Laboratory Analysis 

c. Medical Records (staff and student) 

d. Other Records and Reports 

e. Research 

f. Sampling 

g. Site Surveys 

h. Other (specify) 

i. Most important of the above (letter) 

W-1-13 



Horksheet H-l-l (page 2 of 4) Name 

4. \fuat means are now used to control the hazards 
and prevent accidents, injuries, and illnesses? 

a. Administrative Directives 

b. Barriers, Guards, Shields 

c. Education, Training 

d. Housekeeping 

e. Labels, Signs 

f. Medical, First Aid 

g. Personal Protective Equipment 

h. Ventilation 

i. Work Practices 

j. 

k. 

Other (specify) 

Most important of the above (letter) 

Yes No ? 

5. Name or describe specific means of hazard control for which the "yes" 
column is checked in item 4 above. 

\<1-1-14 
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WORKSHEET W-1-2. SAFETY PROGRAM OBJECTIVES AND EVALUATION 

Complete this page and the next 3 pages for your school or work area. 

NAME DATE 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY STATE 

1. What is the present modus operandi for defining program goals or 
objectives for safety and health in your school? 

2. What is the present modus operandi for evaluating program success? 

W-l-17 
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Worksheet W-1-2 (page 4 of 4) Name 

5. vmat changes do you recommend in the present modus operandi for 
developing objectives and evaluative measures for science safety 
and health in your school? 

Include ways to involve students and parents. Also consider the use 
of safety and health professionals in the community as resources. 
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WORKSHEET W-1-3. SAFETY PROGRAM ACTIVITIES AND RESOURCES 

Complete this and the next 3 pages for your school or work area. 

NAME DATE 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY STATE 

1. List your present or past activities dealing with laboratory safety. 

Draw from personal experience at home, if you have no lab safety 
experience. 

2. What resources did you use for the above? 

W-l-21 
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~orksheet W-1-3 (page 4 of 4) 

5. Local Directory of Resources 

Check the telephone directory for associations, government agencies, and 
suppliers. Ask the Chamber of Commerce about businesses and industries 
that utilize safety and health professionals. Consult with local 
colleges and universities that offer programs in safety and health. 

The following numbers should be posted in a conspicuous place in every 
science classroom and laboratory and on the teacher's desk. 

Fire Department 

Hospital 

Poison Control 

Police 

Rescue Squad 

W-l-24 
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SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

WOFRSHOP ON EYE AND FACE PROTECTION NO. vl-5 

METHODS Practical Exercises and Discussion LENGTH 50 minutes 

PURPOSE Provide opportunities to practice identifying, evaluating, 
and controlling eye and face hazards in the laboratory. 

OBJECTIVES Enable the trainee to 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

1) Identify types of exposure and means of evaluation and 
control for eye and face hazards in one's own laboratory. 

2) Determine the teacher's responsibilities for eye and face 
protection in his/her laboratory. 

3) Analyze the student's responsibilities in assuring 
adequate eye and face protection in the laboratory. 

Hazard recognition 
Hazard evaluation 
Hazard control 
Job analysis 

Lesson Plan 

Key quality or production factor 
Key safety factor 
Task analysis 

State Health/Safety Laws and Regulations (if available) 
Chalkboard, Chalk, Eraser 

Lesson Plan (complete) 

W-5-l 
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LESSON Workshop on Eye and Face Protection NO. W-5 

NOTES 

Recommendations 

See Lesson 5. 

Duplicate trainee 
materials in advance. 

Allow about 15 minutes. 

Allow about 10 minutes 
for each exercise. 

Allow about 5 minutes. 
See Overview, p. W-5-l. 

INSTRUCTION 

INTRODUCTION 

This workshop is planned around 3 desk-type 

exercises that ~ive laboratory teachers a chance 

to practice real-world skills used in the field 

of occupational safety and health. 

Each exercise consists of a worksheet to 

complete and an exhibit to use as background or 

reference material. 

The worksheets are designed for group or 

individual completion and review. They may be 

completed before or during the actual workshop 

session, depending on the training schedule. 

Directions 

1. Schedule the workshop at least one day after 
the lecture on eye and face protection. 

2. Distribute trainee materials at least a day 
before the workshop, asking that worksheets 
be completed individually before the session. 

3. Divide trainees into 3 small groups for the 
workshop session. Each group should focus 
on the review of only one exercise. 

4. Ask an individual or panel for each group 
to lead the general discussion of results 
for each exercise. 

5. Summarize the entire session in terms of 
the workshop purpose and objectives. 

W-5-3 



LE S SON Workshop on Eye and Face Protection NO. w-s 

NOTES 

Worksheet W-S-l 

Exhibit W-S-l 

29 CFR 1910 

INSTRUCTION 

EXERCISE 1 

This is a preliminary "desk survey" of the 

work area, designed to take stock of potential 

hazards and what is being done about them. 

Worksheet 

The worksheet is a questionnaire that can 

be used for almost any area of concern. In this 

case, of course, it is eye and face protection. 

Items to be completed cover the 3 basic 

approaches to the study of hazards: 

(1) Recognition or identification 

(2) Evaluation or measurement 

(3) Control or prevention 

The choices given are commonly found in 

industrial situations. Some of these topics are 

treated in other lessons in this course. 

Exhibit 

An excerpt from Federal regulations on eye 

and face protection for workers is included as 

background material. 

Similar state regulations for workers or 

school personnel may be substituted or added. 

W-S-4 



LESSON Workshop on Eye and Face Protection NO. W-5 

NOTES 

Worksheet W-5-2 

Exhibit W-5-2 

ANSI Z87.l-l968 

INSTRUCTION 

EXERCISE 2 

This is a planning exercise to determine the 

responsibilities of the teacher for eye and face 

protection in the science laboratory. 

Worksheet 

Need is first established by providing 

guidelines for documenting the dimensions of 

problems and solutions. 

Teacher responsibilities are then elicited 

as tasks to be performed in specific phases of 

protective equipment management. 

Exhibit 

A selection chart from the American 

National Standard Practice for Occupational and 

Educational Eye and Face Protection is presented 

for reference. The entire standard should be 

included in the library of every school and 

science department. 

W-5-5 



LESSON Workshop on Eye and Face Protection NO. W-5 

NOTES 

Worksheet W-5-3 

Exhibit W-5-3 

INSTRUCTION 

EXERCISE 3 

This analytical exercise may serve many 

purposes in curriculum planning. Its primary 

role in this workshop is to help the teacher 

delineate student responsibilities for eye and 

face protection in the science laboratory. 

Worksheet 

The focal point of the exercise is the 

examination of student laboratory work as a job 

analysis. The form to be completed is adapted 

from one used in industrial situations. 

Exhibit 

Background information is provided by text 

and a sample job analysis from industry. 

A sample application of this technique to 

the school science laboratory is also included. 

The term "key quality or production 

factors" may be interpreted as "learning 

experiences" or "performance objectives" or 

"laboratory procedures" in a school setting. 

The same goes for "key safety factors". The 

latter may also be called "safety principles". 
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EXHIBIT W-S-l. REGULATIONS FOR EYE AND FACE PROTECTION UNDER THE OSH ACT 

SUBPART I - PERSONAL PROTECTIVE EQUIPMENT 

Section 1910.132 - General Requirements 

(a) Application. 

Protective equipment, including personal protective equipment for 
eyes, face, head, and extremities, protective clothing, respiratory devices, 
and protective shields and barriers, shall be provided, used, and maintained 
in a sanitary and reliable condition wherever it is necessary by reason of 
hazards of processes or environment, chemical hazards, radiological hazards, 
or mechanical irritants encountered in a manner capable of causing injury or 
impairment in the function of any part of the body through absorption, 
inhalation or physical contact. 

(b) Employee-owned equipment. 

Where employees provide their own protective equipment, the 
employer shall be responsible to assure its adequacy. including proper 
maintenance, and sanitation of such equipment. 

(c) Design. 

All personal protective equipment shall be of safe design and 
construction for the work to be performed. 

Section 1910.133 - Eye and Face Protection 

(a) General. 

(1) Protective eye and face equipment shall be required where 
there is a reasonable probability of injury that can be prevented by such 
equipment. In such cases, employers shall make conveniently available a 
type of protector suitable for the work to be performed, and employees shall 
use such protectors. No unprotected person shall knowingly be subjected to 
a hazardous environmental condition. Suitable eye protectors shall be 
provided where machines or operations present the hazard of flying objects, 
glare, liquids, injurious radiation, or a combination of these hazards. 

(2) Protectors shall meet the following minimum requirements: 

(i) They shall provide adequate protection against the 
particular hazards for which they are designed. 

(ii) They shall be reasonably comfortable when worn under 
the designated conditions. 

(iii) They shall fit snugly and shall not unduly interfere 
with the movements of the wearer. 

(continued on next page) 
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Exhibit W-5-1 (page 2 of 2) 

(iv) They shall -De durable. 

(v) They shall be capable of being disinfected. 

(vi) They shall be easily cleanable. 

(vii) Protectors should be kept clean and in good repair. 

(3) Persons whose VlSlon requires the use of corrective lenses in 
spectacles, and who are required by this standard to wear eye protection, 
shall wear goggles or spectacles of one of the following types: 

(i) Spectacles whose protective lenses provide 
optical correction. 

(ii) Goggles that can be worn over corrective spectacles 
without disturbing the adjustment of the spectacles. 

(iii) Goggles that incorporate corrective lenses mounted 
behind the protective lenses. 

(4) Every protector shall be distinctly marked to facilitate 
identification only of the manufacturer. 

(5) When limitations or precautions are indicated by the 
manufacturer, they shall be transmitted to the user and care taken to 
see that such limitations and precautions are strictly observed. 

(6) Design, construction, testing, and use of devices for eye and 
face protection shall be in accordance with American National Standard Practice 
for Occupational and Educational Eye and Face Protection, Z87.l-l968. 

Source: "Code of Federal Regulations, Title 29, Part 1910 - Occupational 
Safety and Health Standards," Federal Register, 39:23670-23671 
(June 27, 1974). 



EXHIBIT \-7-5-2. 

7 

RECOMHENDED EYE AND FACE PROTECTORS FOR USE 
IN INDUSTRY, SCHOOLS, AND COLLEGES 

4 !5 

8 

1. GOGGLES, Flexible Fitting, Regular Ventilation .* 7. WELDING GOGGLES, Eyecup Type, Tinted Lenses (Illustrated) 

6 

2. GOGGLES, Flexible Fitting, Hooded Ventilation 
3. GOGGLES, Cushioned Fitting, Rigid Body 

7A. CHIPPING GOGGLES, Eyecup Type, Clear Safety Lenses (Not Illustrated) 
8. WELDING GOGGLES, Coverspec Type Tinted Lenses (Illustrated) 

*4. SPECTACLES, Metal Frame. with Sideshields 
·5. SPECTACLES, Plastic Frame. with Sideshields 

SA. CHIPPING GOGGLES. Coverspec Type, Clear Safety Lenses (Not Illustrated) 

*6. SPECTACLES, Metal·Plastic Frame, with Sideshields 10. FACE SHIELD (Available with Plastic or Mesh Window) 
·*11. WELDING HELMETS 

*Non-sideshield spectacles are avaihible for limited hazard use requiring only front., protection. 
·*See appendix chart "Selection of Shade Numbers for Welding Filter .... 

APPLICATIONS 

OPERATION HAZARDS RECOMMENDED Bold Type Numbers Signify Preferred Protection PROTECTORS: 

ACETYLENE- BURNING SPARKS, HARMFUL RAYS, 
ACETYLENE-CUn:NG MOLTEN METAL, 7,8,9 
ACETYLEN E-WELD I NG FLYING PARTICLES 

CHEMICAL HANDLING SPLASH, ACID BURNS, FUMES 2, 10 (For severe exposure add 10 over 2) 

CHIPPING FLYING PARTICLES 1,3,4,5,6, 7A, SA 

ELECTRIC (ARC) WELDING SPARKS. INTENSE RAYS, 11 (11 in combination with 4, 5. 6, in tinted lenses. advisable) 
MOLTEN METAL 

FURNACE OPERATIONS GLARE, HEAT, MOLTEN METAL 7,8,9 (For severe exposure add 10) 

GRINDING-LIGHT FLYING PA.RTlCLES 1,3,4,5,6, 10 

GRINDING-HEAVY FLYING PARTICLES 1,3, 7A, SA (For severe exposure add 10) 

LABORATORY CHEMICAL SPLASH. 2 (10 when in combination with 4, 5, I) GLASS BREAKAGE 

MACHINING FLYING PARTICLES 1,3,4,5, 6, 10 

MOLTEN METALS HEA~GLARE,SPARKS.SPLASH 7,8 (10 in combination with., 5, •• in tinted lenses) 

SPOT WELDING FLYING PARTICLES, SPARKS 1,3,4, 5,6, 10 

This material is reproduced with permission from American National Standard 
Practice for Occupational and Educational Eye and Face Protection. ANSI Std. 
Z87.1-1968 by the American National Standards Institute, copies of which may 
be purchased from the American National Standards Institute at 1430 Broadway, 
New York, N.Y. 10018. W-5-9 





EXHIBIT W-5-3. JOB ANALYSIS 

Job analysis is a tool that enables the supervisor to teach and direct 
his employees systematically in order to obtain optimum job efficiency. 
Since efficiency demands maximum use and control of the men, equipment, 
machines and environment involved in any job, the potential sources of 
traumatic injury and environmental health exposures are evaluated along 
with all other factors associated with production and quality control. 
Once completed, a good job analysis provides the blueprint to teach any 
worker how to do a critical job the safe, productive way. The actual 
preparation of a job analysis provides another enormous opportunity to 
detect actual or potential sources of occupational injury or health 
problems at the pre-contact stage of accident control. 

Methodology. Jobs that are determined to be serious risks to safety, 
quality or production become the "critical few" first targets for analysis. 
Selection may be based on the frequency or severity of past loss history 
or the potential for loss. The regular maintenance and updating of the 
analysis is an important aspect of any job analysis program. A job analysis 
is best prepared by actual observations of a worker or workers doing the 
job. When infrequently performed jobs prevent the observation method of 
conducting a job analysis, the technique of group discussion can be employed 
as an alternative. 

The four basis steps in conducting a job analysis are: (a) determining 
the job to be analyzed, (b) breaking the job down into a sequence of steps, 
(c) determining key factors related to each job step, and (d) performing 
an "efficiency check". The final step involves determining that each step 
of the job is done in the best and most efficient way. This final step 
frequently involves a job procedure or methods change, a job environment 
change or a technique to reduce the number of times the job must be done. 
The savings alone that result from the accomplishment of this step have 
consistently proved to be justification for introduction of the program. 

There are two basic approaches in doing a job analysis. One that has 
been used extensively in the past is the "Job Safety Analysis" technique 
that produces an end product dealing purely with safety. While there are 
unquestionable merits for treating this important subject in this manner, 
the author personally favors the complete approach referred to as 
"Proper Job Analysis," "Total Job Analysis" or just plain "Job Analysis," 
as the individual plant designates. This latter approach seems to have 
more appeal to management people at all levels, since it is based on the 
new concept of safety as one of the many inseparable parts of the 
supervisor's job. Figure 47-1 is an example of this approach. 

Benefits. While there are many benefits that corne with a Job Analysis 
program, none is more important than the peace of mind that a concerned 
management group has in knowing that it has provided a tool to insure that 
the actual potential sources of traumatic injury and environmental health 
exposures have been carefully analyzed and evaluated for all critical jobs. 

W-5-11 



Exhibit W-S-3 (page 2 of 4) 

Where complete elimination of hazards detected is not economically 
feasible or practical at the time a job analysis is accomplished, the 
completed job analysis provides the guidelines to accomplish the job 
safely by following the clearly defined method of procedure. 

Source: Bird, F.E., Jr., "Safety," The Industrial Environment - Its 
Evaluation & Control. NIOSH. U.S. Government Printing Office, 
Washington, D. C. (1973). Chapter 47, pp. 681-691. Excerpted 
text and figure on pp. 684-686. 
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Exhibit W-5-3 (page 3 of 4) 

[JOB ANALYSIS 
.Imlructlon Standard 

&EQU£NC£ OF STeps 
CHOT TOO ." .... : Oil TOO ."OAO, 

I. Select work area. 

2. Bring tools and supplies to 
work area. 

3. Prepare work area. 

4. Remove old paint from chair 
with paint remover. 

S. Sand chair with sandpaper. 

6. Apply first coat of paint. 

7. Apply second coat of paint. 

8. Clean up area and tools. 

9. Store tools and supplies. 

DlVIS,DN 

DEPARTMENT 

OCCUPATION 

Engineering 

Maintenance 
Painter 

KEY QUALITY OR PRODUCTION FACTORS 
.CL.I:A"L.V TItLL WHA.T TO 00 AfoIQ WHYI 

1. Should be as dust-free as possible 
to prevent dust from sticking to 
painted surface while wet. This 
can da~~ge finish, requiring re­
work. 

2. Have all needed tools at hand before 
starting to avoid delay. 

3. Place chair on newspapers to.avoid 
delays caused by cleaning up spills. 

4. Be sure a11 paint is removed from 
cracks and crevices so final fin­
ish will be uniform. Otherwise, 
re-sanding may be necessary to 
smooth out rough surfaces. 

S. Sand all surfaces with 00 sand­
paper until smooth to the touch 
for best results. Wipe off dust. 
Oust left on surface will make 
finish rough, requiring re-sanding. 

6. Coat of paint should be light and 
applied with even strokes to mini­
mize brush marks for most attrac­
tive !"esults. 

7. Same as '6. 

8. Clean brushes thoroughly in paint 
thinner; then shake out thinner. 
Paint left in brush can ruin brush 
for further use if it is allowed 
to harden. 

9. Brushes should be hung up by the 
handle to keep weight off the 
bristles. The weight of the 
brush on the brist les can deform 
them and ruin the brush. 

JOB ANAL VIED 

DATE EFFECTIVE 

CODE NO. 

Painting a Chair 

Nov, I, 1970 

EH-7Z 

KEY SAFETY FACTORS 
(CLEARLY TI[LL WHAT 'TO DO AkO WHVt 

I. Area should be well ventilated so 
that toxic fumes do not accumulate, 
possibly causing serious illness. 

2. Be sure all cans of thinner, paint 
remover, and paint are tightly 
closed when not in use to minimize 
the dangers from fire or explosion. 

3. Use at least six layers of paper to 
absorb spilled paint remover and 
paint. Both of these can cause 
extensive damage to the floor. 

4. Follow directions on paint remover 
container and do not allow smoking 
or open flame in area to prevent 
fire or explos ion. 

S. Gloves should be "'orn while sanding 
to prevent abrasions and splinters. 

6. Follow directions on paint con­
tainer. Same as *4, NO S~!oKII'G OR 
OPEN FWIE. 

7. Same as *6. 

8. Dispose of all papers and wipe any 
spilled paint from floor or other 
surfaces. Papers left on floor can 
present fire or tripping hazards. 

9. All paint, thinner, and remover 
must be tightly sealed both to 
preserve them and to prevent escape 
of fumes which could cause fire or 
explosion. 

Figure 47-1. Job Analysis - Instruction Standard (Form) 
Copyrighted material used by courtesy of the International Safety Academy 
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WORKSHEET W-5-l. HAZARD ANALYSIS 

Complete this page and the next page for your school or work area. 

NAME __________________________________________ DATE 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY STATE 

1. Area of Concern (Example: Eye and Face Protection) 

2. What potential safety and health hazards exist? Yes No ? 

a. Biological 

b. Chemical 

c. Electrical 

d. Mechanical 

e. Psychological 

f. Radiological 

g. Other (specify) 

h. Most important of the above (letter) 

3. What means are available to measure and evaluate 
the above hazards and/or their effects? Yes No ? 

a. Conference or Consultation with Experts 

b. Laboratory Analysis 

c. Medical Records (Staff and Student) 

d. Other Records and Reports 

e. Research 

f. Sampling 

g. Site Surveys 

h. Other (specify) 

i. Most important of the above (letter) 

W-5-15 



Worksheet W-S-l (page 2 of 2) Name 

4. What means are now used to control the hazards 
and prevent accidents, injuries, and illnesses? 

a. Administrative Directives 

b. Barriers, Guards. Shields 

c. Education, Training 

d. Housekeeping 

e. Labels, Signs 

f. Medical, First Aid 

g. Personal Protective Equipment 

h. Ventilation 

i. Work Practices 

j. Other (specify) 

k. Most important of the above (letter) 

Yes No ? 

5. Name or describe specific means of hazard control for which the "yes" 
column is checked in item 4 above. 

Example: a. Eye Protection Policy 

W-5-l6 



WORKSHEET W-S-2. TEACHER RESPONSIBILITIES FOR EYE AND FACE PROTECTION 

Complete this page and the next page for your school or work area. 

NAME 

TITLE 

SCHOOL 

DATE 

DEPARTMENT ________________________________________________________ ___ 

LOCATION: CITY STATE 

1. Courses for which eye and face protection is needed. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

Title 

2. Special problems in the above. 

3. Protection required. 

~ 
a. Safety Glasses 

b. Safety Goggles 

c. Face Shields 

d. Eyewash Fountains 

e. Eyewash Stations 

f. First Aid Kits 

g. Other (specify) 

Description 

W-S-17 

No. Students 

No. 



Worksheet W-5-2 (page 2 of 2) Name 

4. Likelihood of the following: Percentage 

a. Teachers will furnish own personal protective equipment. 

b. Students will furnish own personal protective equipment. 

c. Schools will furnish equipment for laboratory visitors. 

5. Write below at least one task the laboratory teacher should perform for 
each aspect of protective equipment management. 

a. Planning 

b. Selection 

c. Distribution 

d. Fitting 

e. Usage 

f. Storage 

g. Maintenance 

h. Repair 

i. Evaluation 

j. Other 

W-5-lS 



WORKSHEET W-5-3. STUDENT JOB ANALYSIS 

Complete this page and the next 3 pages for your school or work area. 

N~E DATE 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY STATE 

1. Area of Concern (Example: Eye and Face Protection) 

2. Course (Example: Introduction to Chemistry) Grade Level 

3. Prerequisites (Example: General Science) 

4. Safety-oriented tasks each student should perform in laboratory work for 
the course named above. 

a. Review the text and samples in Exhibit W-5-3. 

b. Prepare a similar table of tasks for students, using the 
job analysis form on the next page. 

c. Comment below, if desired. 
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Worksheet W-5-3 (page 3 of 4) Name 

5. What do students need to know in order to perform the tasks previously 
described? 

This is only a preliminary analysis of education/training requirements. 
The results will serve as input for later steps in preparing subject 
matter structures and performance objectives. 
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Worksheet W-S-3 (page 4 of 4) Name 

6. How should students be evaluated on their ability to perform the lab 
tasks previously analyzed? 

7. What do you recommend for students who are unwilling or unable to 
perform the required lab tasks in the prescribed manner? 

W-5-22 



SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

WORKSHOP ON LABELING CHEMICALS NO. W-8 

METHODS Practical Exercises and Discussion LENGTH 50 minutes 

PURPOSE Provide opportunities to apply labeling knowledge 
and skills to laboratory situations. 

OBJECTIVES Enable the trainee to .•. 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

1) Conduct an inventory of laboratory materials. 

2) Set up a system for recording reference information 
and making labels. 

3) Determine teacher and student responsibilities in 
labeling activities. 

Fire/flammability signal 
Health hazard signal 
Label data file 

Lesson Plan 
Appendices Band C 
Chalkboard and Eraser 
Chalk (white, blue, red, yellow) 

Label statement 
Material Safety Data Sheet (MSDS) 
Reactivity signal 

MCA and NFPA References (if possible) 

Lesson Plan (complete) 
Appendices Band C (if possible) 

T.T 0 ., 



INTRODUCTION . . 

Directions 

EXERCISE 1 . 

EXERCISE 2 . 

EXERCISE 3 

CONTENTS 

EXHIBITS 

W-S-l. Sample Inspection Sheet for Controlled Chemicals. 

W-S-2. NFPA Recommendations for Labeling Chemicals 

W-S-3. Material Safety Data Sheet 

W-S-4. Hazard Ratings and Signal Words 

W-S-S. Selection of Label Statements • 

W-S-Sa. Health Related Statements . . 

W-S-Sb. Health Hazard Action Statements ••. 

W-S-Sc. Fire Amplifying Statements 

W-S-Sd. Fire Hazard Action Satements 

W-S-Se. Reactivity Amplifying Statements 

W-S-Sf. Reactivity Hazard Action Statements. 

W-S-Sg. First Aid Statements 

W-S-Sh. Statements Specifying Specific Disposal Instructions. 

W-S-Si. Sample Label 

WORKSHEETS 

W-S-l. Materials Inventory . 

Label System W-S-2. 

W-S-3. Teacher and Student Responsibilities for Labeling 

W-8-2 

W-S-3 

W-S-3 

W-S-4 

W-S-S 

W-8-6 

W-S-7 

W-8-9 

W-8-11 

W-S-IS 

W-8-l7 

W-8-lS 

W-8-l9 

W-8-20 

W-8-21 

W-8-22 

W-8-23 

W-8-2S 

W-8-26 

W-8-27 

W-8-29 

W-S-33 

W-8-39 



L E S SON Workshop on Labeling Chemicals NO. W-8 

NOTES INSTRUCTION 

INTRODUCTION 

Labeling and related activities should be 

one of the most "natural" aspects of a safety 

program for the U.s. school science laboratory. 

Much attention has been given to labels for home 

products in the past 20 years. The Federal 

Hazardous Substances Labeling Act for household 

chemicals was passed in 1960. 

We now take for granted the protective 

information on household labels, but tend to 

forget that chemicals in the science lab are 

at least as dangerous and usually more so. 

We know what to do when a child swallows 

a home cleaner because it says so on the label. 

But do we know what to do when a youngster 

swallows a solvent in class? Indeed, do we 

know everything we should about that chemical? 

An adequate label is a means of conveying warn­

ings and other information about appropriate 

handling to all who will read it. 

Directions 

Follow the general procedures for workshops 

or directions provided by the instructor. 

W-8-3 



LESSON Workshop on Labeling Chemicals NO. W-8 

NOTES INSTRUCTION 

Worksheet W-8-1 

Exhibit W-8-1 

EXERCISE I 

All of the workshops in this training 

course begin with an inventory or identification 

of material hazards in the school labs in which 

teachers are actually working. 

Worksheet 

The first exercise in this workshop begins 

with a description of what is presently done 

about inventories of lab materials. Additional 

items provide opportunities to suggest what 

might be done if current information and 

procedures are inadequate. 

Exhibit 

Your school system or the local fire 

department may use standard inventory and 

inspection forms. 

W-8-4 



L E S SON Workshop on Labeling Chemicals NO. W-8 

NOTES 

Worksheet W-8-2 

Exhibits W-8-2 to 5i 

NIOSH Reference 

INSTRUCTION 

EXERCISE 2 

This is a "do-it-yourself" project in 

collecting data and preparing labels for 

laboratory materials. 

Worksheet 

Experience is simulated by providing 

possible label information from which to 

choose, based on recommendations from several 

sources. 

Exhibits 

Exhibit W-8-2 gives the recommendations of 

NFPA for label signals. 

Exhibits W-8-3 through W-8-5i are taken 

from the following NIOSH publications: 

Criteria for a Recommended Standard: An Iden­
tification System for Occupationally Hazardous 
Materials. HEW Publication No. (NIOSH) 75-126. 
u.S. Government Printing Office, Washington, 
D. C. (1974). 
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LESSON Workshop on Labeling Chemicals NO. W-8 

NOTES INSTRUCTION 

EXERCISE 3 

Results from both previous exercises will 

probably generate many new ideas about what 

teachers and students should be doing with 

regard to labeling lab materials. 

This exercise is designed to get those 

ideas on paper for discussion and further 

consideration in the course and in the future. 

Worksheet W-8-3 Worksheet 

Exercises 1 and 2 give you a chance to get 

organized, documenting general needs and perhaps 

important constraints. 

Exercise 3 should result in a plan for 

A. Inventory 
B. Label Data File (reference info) 
C. Label Preparation 
D. Other Labeling Activities 

Exhibits W-8-1 to 5i Exhibits 

Use any or all in this lesson plan. 

W-8-6 



EXHIBIT W-8-1. SAMPLE INSPECTION SHEET FOR CONTROLLED CHEMICALS 

BUREAU OF FIRE PREVENTION 
558-2481 

(75% Reduction) 

ARLINGTON COUNTY. VIRGINIA 
FIRE DEPARTMENT 
1020 NORTH HUDSON STREET 

ARLINGTON VIRGIN'" 22201 

Inspected by ______________ _ 

CONTROllED CHEMICALS 

Name of School ________________________ Date ____________ _ 

CHEMICAL AMOUNT AMOUNT ABOVE COMMENTS 
ALLOWeD ALLOWANCE 

Sodium Nitrate 2lbs. 

Potassium Chlorate 5lbs. 

Phosphorus (red) i lib. 

Phosphorus (white) i Ii lb. 

Powdered Charcoal 5lbs. 

Nitric Acid-2 pt. cap. 2·1 pt. or 5 Ibs. 

Sulfuric Acid-5 pt. t 5 gaL 

Potassium Nitrate 
I 

Sibs. I 
Potassium Pennanganate 2lbs. 

Glycerine I I gal. 

Magnesium (powder) I I lb. 

I I 

MagneSIUm (ribbon) I I lb. I I 

Zinc dust 2lbs. 

Ammonium Nitrate I lb. 

Sulphur Sibs. 

Specific Controls YES NO COMMENTS 
._- --.-- -

L Are controlled chemicals locked up? ..................... 

2. Are they inventoried every 30 days? ..................... 
3. Is the chemical storage room secured? .................... 
4. a. Are any of them missing? .......................... 

b. If so, has security be~n notified? ..................... 
5. Is there any picric acid present? ........................ 

Prppare in triplicate: white eopY retained bv deputy fire marshal: {!reen oopy retained by .,choo/: pink copy fon,'ard. 
ed to School Safpty Officer by Fire PrPl'ention Bureau. 

Fm.1.2040.3.42 

Reproduced courtesy of Arlington County (Virginia) Fire Department. 

W-8-7 





EXHIBIT W-8-2. NFPA RECOMMENDATIONS FOR LABELING CHEMICALS 

BLUE 
IDENTIFICATION OF 

HEALTH HAZARD 

Type of Possible 
Injury 

Signal 

4 

3 

2 

1 

0 

Materials which on very 
short exposure could 
cause death or major 
residual injury even 
though prompt medical 
treatment were given. 

Materials which on short 
exposure could cause 
serious temporary or 
residual injury even 
though prompt medical 
treatment were given. 

Materials which on in-
tense or continued ex-
posure could cause tem-
porary incapacitation or 
possible residual injury 
unless prompt medical 
treatment is given. 

Materials which on ex-
posure would cause irri-
tation but only minor 
residual inlury even if 
no treatment is given. 

Materials which on ex-
posure under fire con-
ditions would offer no 
hazard beyond that of 
ordinary combustibles. 

RED 
IDENTIFICATION OF 

FLAMMABILITY 

Susceptibility 
to Burning 

Signal 

4 

3 

2 

1 

0 

Materials which will 
rapidly or completely 
vaporize at atmospheric 
pressure and normal 
ambient temperature. and 
which will burn. 

Liquids and solids that 
can be ignited under al· 
most all ambient ter,l-
perature conditions. 

Materials that must be 
moderately heated or 
exposed to relatively 
high ambient tempera-
tures before ignition can 
occur. 

Materials that must be 
preheated before igni-
tion can occur. 

Materials that will not 
burn. 

VflLO,\;V 
IDENTIFICATION OF 

REACTIVITY 

Susceptibility to 
Release of Energy 

Signal 

4 

3 

? 
"'-

1 

0 

Materials which are 
readdy capable of deto­
nation or of explosive 
decomposition or re<'lc­
tion at normal tempera­
tures and pressures. 

Materials that are capable 
of detonation or explo­
sive reaction but requi re a 
strong initiating source. 
or that must be heated 
under confinement be­
fore initiation. or react 
explosively with water. 

Materials that are nor­
mally unstable and readily 
undergo violent chemical 
changes but do not deto­
nate; also materials that 
may react with water 
violently. or that may 
form potentially explo­
sive mixtures with water. 

Materials that are nor­
mally stable. but that can 
become unstable at 
elevated t<emperatures 
and pressures. or that 
may react with water with 
some release of energy. 
but not violently. 

Materia!s that are nor­
mally stable even under 
fire explosive conditions. 
and that are not re3ctive 
with W'lter. 

Copyrighted material adopted from National Fire Protection Association 
used by courtesy of the National Safety Council. 
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Exhibit W-8-2 (page 2 of 2) 

Note: 

Fl~. 1. For Use Ylhere White Back­
ground is Not NeceRsary. 

WHITE AOrlESIVE-BACKED PLASTIC 
BACKGROJN::l PIECES- ONE 

NEEDED FOR EACH NUMERAL, 
THREE NEEDED fOR EACH 

Fig. 2. For t;ae Where White Back­
iJ'ound hi Used With Numerals 
Made From Adhf>lIive-Backed 
Plastic 

ARRA.l'IIGEMENT AND ORDER OF SIG:'\ALS 
- OPTIONAL FORM OF APPLICATIO:\' 

Distance at WhIch 
SJ~na18 

Must be Legible ---
50 feet 
75 feet 

100 feet 

I 
200 feet 
300 feet 

Size of 
SIgnals 

Required 

l-;~ 

2" 
3" 
4" 
6" I 

"OTE: 
This ahows the COrT~t iU'­

ran~emeD t and order of .I~nal. 
u.ed lor Identification of rna­
t("..riats by hazard 

WHITE PAINTED BACKGROUND,OR, 
WHITE PAPER OR CARD STOCK 

Fig. 3. For Use Where White Back ... 
ground is Used With Pafnted 
l\"umerals. or, For Uee When Siltnal 
is In the Form of Sign or Placard 

NFPA hazard signal arrangement for in-plant use only. 
See NFPA Standard No. 704M for dimensional and other details. 

Copyrighted material used by courtesy of the National Fire Protection 
Association. 
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EXHIBIT W-8-3. MATERIAL SAFETY DATA SHEET 

(75% Reduction) 

D 
D 
D 
MATERIAL SAFETY DATA SHEET 

r­
I 

MANUFACTURER'S NAME 

ADDRESS 

I TRADE NAME 

I SYNONYMS 

I 

I BOILING POINT, 760 MM HG 

I VAPOR OENSITY lAIR-II 

1_ % VOLATILES BY VOL. 

! APPEARANCE ANO ODOR 
I 

I PRODUCT IDENTIFICATION 
I REGULAR TELEPHONE NO. 

EMERGENCY TELEPHONE NO. 

II HAZARDOUS INGREDIENTS 

MATERIAL OR COMPONENT I HAZARD DATA 

III PHYSICAL DATA 

I MELTING POINT 

VAPOR PRESSURE 

SOLUBILITY IN H20, % BY WT 

I EVAPORATION RATE IBUTYL ACETATE"ll 

W-8-11 
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Exhibit W-8-3 (page 2 of 4) 

i 
! 
I 
I 
I 

I 

I 

I 
! 

IV FIRE AND EXPLOSION DATA 

FLASH POINT 
(TEST METHOD) 

FLAMMABLE LIMITS IN AIR, % BY VOL. 

EXTINGUISHING 
MEDIA 

SPECIAL FIRE 
FIGHTING 
PROCEDURES 

UNUSUAL FIRE 
AND ~XPLOSION 
HAZARD 

I LOWER 

AUTOIGNITION 
TEMPERATURE 

I UPPER 

V HEALTH HAZARD INFORMATION 

HEALTH HAZARO DATA 

ROUTES OF EXPOSURE 

INHALATION 

SKIN CONTACT 

SKIN ABSORPTION 

.YE CONTACT 

INGESTION 

EFFECTS OF OVEREXPOSURE 
ACUTE OVEREXPOSURE 

CHRONIC ovEREXPOSURE • 
EMERGENCY AND FIRST AIO PROCEDURES 

EYES 

SKIN: 

I 

I 
-j 

! 

i 
i 

--~ 

.- -----------------j 
INHALATION: 

INGESTION 

NOTES TO PHYSICIAN 
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Exhibit W-8-3 (page 3 of 4) 

VI REACTIVITY DATA 

CONOITIONS CONTRIBUTING TO INSTABILITY 

INCOMPATIBILITY 

HAZAROOUS OECOMPOSITION PROOUCTS 

CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION 

VII SPILL OR LEAK PROCEDURES 

STEPS TO BE TAKEN IF MATERIAL IS RELEASEO OR SPILLED 

NEUTRALIZING CHEMICALS 

WASTE DISPOSAL METHOD 

VIII SPECIAL PROTECTION INFORMATION 

VENTILATION REQUIREMENTS 

SPECIFIC PERSONAL PROTECTIVE EQUIPMENT 

RESPIRATORY (SPECIFY IN DETAILI 

EYE 

GLOVES 

OTHER CLOTHING AND EQUIPMENT 
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Exhibit W-8-3 (page 4 of 4) 

PRECAUTIONARY 
STATEMENTS 

OTHER HANDLING AND 
STORAGE REQUIREMENTS 

PREPARED BY: 

ADDRESS: 

DATE: 

IX SPECIAL PRECAUTIONS 
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EXHIBIT W-8-4. HAZARD RATINGS fu~ SIGNAL WORDS 

, 

I 
, 
, 

Health Hazards Flammability Reactivity Rat ing : 

I 
I 

.4 I EXTREME HEALTH HAZARD EXTREMELY FLAMMABLE EXTREMELY REACTIVE 
i , 
, 
I 

3 
! 

HIGH HEALTH HAZARD HIGHLY FLAMMABLE HIGHLY REACTIVE 

., MODERATE HEALTH HAZARD MODERATELY COMBUSTIBLE MODERATELY REACTIVE -

1 

J 
SLIGHT HEALTH HAZARD SLIGHTLY COMBUSTIBLE SLIGHTLY REACTIVE 

0 NO SIGNIFICANT NONCOMBUSTIBLE I NONREACTIVE 

: HEALTH HAZARD , 
; 
! 

W-8-lS 





EXHIBIT W-8-S. SELECTION OF LABEL STATEMENTS 

Label statements are intermediate in information content between the 
hazard symbol and the detailed Material Safety Data Sheets. It is stressed 
that the requirements detailed in this section are minimal because of the 
complexity and diversity of hazardous materials. Additional warnings and 
detailed medical and other information may be desirable on labels attached 
to containers of new or unusual materials. In addition, the manufacturer 
or user may supply additional cautions on ecological or other matters, as 
appropriate. 

Suggested label statements are supplied for guidance only. Label 
wording should be tailored specifically for each material or combination of 
materials. 

For health hazards, the major considerations are modes of entry, speed 
of attack, and whether the effects are acute or chronic. 

For fire hazards, considerations include vapor pressure and vapor 
density, autoignition temperature, explosive limits, viscosity, products of 
combustion, and extinguishing media. 

Reactivity hazards require knowledge of sensitivity to detonation by 
shock or heat, tendency to rapid polymerization, reactivity with common 
substances, ability to supply oxygen in a fire situation, and other special 
harmful properties. 

The number of statements used will depend on the hazard involved. 
Extremely dangerous materials may require extensive warnings and detailed 
instructions for safe use and disposal. Minimally hazardous substances may 
require little more than the hazard statement. Specific and more detailed 
first aid statements including notes to physicians may be necessary for 
extremely hazardous materials. These statements are best fo~ulated by 
physicians familiar with the hazards of the specific material and aware of 
the capabilities of industrial paramedical personnel and facilities. 
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EXHIBIT \.\1-8-5a. HEALTH RELATED STA-=-::=-::EX;:S 

1. Fatal if swallowed 
2. Fatal if inhaled 
3. Fatal if absorbed through the skin 
4. Harmful if swallowed 
5. Harmful if inhaled 
6. Harmful if absorbed through the skin 
7. Can cause allergic respiratory reaction 
8. Can cause allergic skin reaction 
9. Vapor (gas) may cause suffocation 
10. Causes eye burns 
11. Causes eye irritation 
12. Causes burns 
13. Causes irritation 
14. Can be fatal or cause blindness if swallowed 
15. Cannot be made nonpoisonous 
16. Repeated absorption can cause bladder tumors 
17. Rapidly absorbed through skin 
18. Inhalation can be fatal or cause delayed lung damage 
19. Harmful if inhaled and can cause delayed lung damage 
20. Can cause delayed effect 
21. Vapor extremely irritating 
22. Extremely irritating gas and liquid under pressure 
23. Gas extremely irritating 
24. Lung injury and burns may be delayed 
25. Contact with water or moist air liberates irritating gas 
26. Contact with acid liberates poisonous gas 
27. Contact with water or acid slowly liberates poisonous and 

flammable hydrogen sulfide gas 
28. Liberates gas which may cause suffocation 
29. Repeated inhalation or skin contact can, without symptoms, 

increase hazard 
30. Causes severe burns which may not be immediately painful or visible 
31. Can cause rash or external sores 
32. 
33. 
34. 
35. 
36. 
37. 
38. 

Can cause burns or external sores 
Liquid or vapor causes burns which may be delayed 
MEy cause eye injury-effects may be delayed 
Liquid penetrates shoes and leather causing delayed burns 
May cause sterility 
May affect unborn children 
Cancer suspect agent 
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EXHIBIT W-8-5b. HEALTH HAZARD ACTION STATEMENTS 

1. Do not breathe dust 
2. Do not breathe vapor 
3. Do not breathe mist 
4. Do not breathe gas 
5. Do not get in eyes, on skin, on clothing 
6. Prevent contact with food, chewing or smoking materials 
7. Wash thoroughly after handling 
8. Use only in well ventilated area 
9. Keep container closed 
10. Avoid prolonged or repeated contact with skin 
11. Do not enter storage areas unless well ventilated 
12. Avoid breathing dust or solution spray or vapor 
13. Avoid prolonged or repeated breathing of vapor 
14. Use special protective clothing and gloves 
15. Wear goggles; neoprene, butyl rubber, or vinyl gloves; 

neoprene shoes or boots; and clean protective outer clothing 
16. Wear goggles~ neoprene, butyl rubber, or vinyl gloves 
17. Always wear a self-contained breathing apparatus or full-face 

air-line respirator when using this product 
18. Have available emergency self-contained breathing apparatus 

or full-face air-line respirator when using this product 
19. Wear respirator approved by NIOSH or the US Bureau 

of Mines for organic vapor, dust, etc. 
20. Wear goggles or face shield, rubber gloves, and protective 

clothing when handling 
21. Do not wear ordinary rubber protective clothing, including 

gloves and boots 
22. Do not taste 
23. This gas deadens the sense of smell. Do not depend on odor 

to detect presence of gas 
24. Use fresh clothing daily. Take hot shower at end of work shift 

using plenty of soap 
25. POISON (with skull and crossbones symbol) 
26. Avoid exposing women of child-bearing age 
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EXHIBIT W-8-Sc. FIRE Al'1PLIFYING STATEMENTS 

1. Strong Oxidizer - contact with other materials may cause fire 

2. Catches fire if exposed to air 

3. Spillage may cause fire or liberate dangerous gas 

4. Highly volatile 

5. Contact with water or acid slowly liberates flammable gas 

6. Contact with water may cause flash fire 

7. May ignite if allowed to become damp 

8. Heat, shock, or contact with other materials may cause fire 
or explosive decomposition 

9. Contact with other materials may cause fire or explosion, 
especially if heated 
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EXHIBIT W-S-5d. FIRE HAZARD ACTION STATEMENTS 

1. Keep away from fire, sparks and open flame 
2. Keep from contact with clothing and other combustible 

materials to avoid fire 
3. Drying of this product on clothing or combustible materials 

may cause fire 
4. Spills on clothing or combustible materials may cause fire 
5. Contents packed under water will ignite if water is removed 
6. Avoid friction or rough handling because of fire hazard 
7. Keep wet in storage--dry powder may ignite by friction, 

static electricity or heat 
S. Wear goggles or face shield and fire-retardant clothing when handling 
9. Clothing and vegetation contaminated with chlorate or its 

solutions are DANGEROUSLY FLAMMABLE. Remove clothing and wash 
thoroughly in water. Keep persons and animals off treated areas 

10. Store in cool place 
11. Keep container tightly closed 
12. Loosen closure cautiously before opening 
13. Store in cool dry place 
14. Store in a cool place in original container and protect from 

direct sunlight 
15. In case of fire, stop flow of gas. Use dry chemical or carbon 

dioxide when necessary to gain access to valve 
16. Avoid spillage and contact with moisture or combustion 
17. In case of spillage, flush with plenty of water and remove 

contaminated articles 
IS. Flush area with water spray 
19. In case of fire, smother with dry sand, dry ground limestone or 

dry powder type materials specially designed for metal powder fires. 
20. Spillage may cause fire. Do not get on floor. Sweep up and 

remove immediately 
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EXHIBIT W-8-Se. REACTIVITY AMPLIFYING STATEMENTS 

1. Powerful Oxidizer 

2. Strong Oxidizer 

3. Strong Acid 

4. Strong Caustic (alkali) 

5. Causes severe burns which may not be immediately painful or visible 

6. Heat, shock, or contact with other materials may cause fire 
or explosion, especially if heated 

7. Contact with other material may cause fire or explosion, 
especially if heated 

8. Reacts violently with water, liberating and igniting hydrogen 

9. May form explosive peroxides 

10. Forms shock-sensitive mixt1lres with certain other materials 

11. May explode if water content is 10% or below 

12. Contamination may result in dangerous pressure 

13. Liquid and gas under pressure 

14. Extremely hazardous liquid and vapor under pressure 

15. Extremely cold (give degrees F or C below zero) 

16. High Explosive 

17. Explosive 

18. Inhibited monomer, subject to violent polymerization 

19. Liquid and gas under pressure 

20. Gas under pressure 
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EXHIBIT W~S-5f. REACTIVITY HAZARD ACTION STATEMENTS 

1. Keep from contact with oxidizing materials, highly oxygenated or 
halogenated solvents, organic compounds containing reducible 
function groups, or aqueous ammonia 

2. Keep from contact with oxidizing materials 
3. Keep from contamination from any source including metals, dust, and 

organic materials. Such contamination can cause rapid decomposition, 
generation of high pressures, or formation of explosive mixtures 

4. Solidifies at about F ( C) and may break container. Store in 
moderately warm place 

5. Keep from any contact with water 
6. Use only dry, clean utensils in handling 
7. While making solutions, add slowly to surface to avoid 

violent splattering 
S. Keep wet in storage--dry powder may ignite by friction, 

static electricity, or heat 
9. Do not add to hot materials; do not grind or subject to 

frictional heat or shock--explosive decomposition may result 
10. Prevent contamination with readily oxidizable materials and 

polymerization accelerators 
11. Do not allow to evaporate to near dryness. Addition of water or 

appropriate reducing materials will lessen peroxide formation 
12. Do not add water to contents while in a container because of 

violent reaction and possible flash fire 
13. Do not attempt to loosen or remove material from container with any tool 
14. Wear goggles and DRY gloves when handling 
15. Put nothing else in this container 
16. Keep dry and handle only in suitable equipment to prevent metallic 

contamination. Consult manufacturer 
17. Keep container tightlY closed and away from water or acids 
IS. Keep container tightly closed; flush container clean before discarding 
19. Do not put in stoppered or closed container 
20. Note: Suck-back into cylinder may cause explosion. Under no 

circumstances should the cylinder entry tube be inserted in a 
liquid or gas without a vacuum break or other protective apparatus 
in the line to prevent suck-back 

21. Store in original vented container 
22. Store in cool place 
23. Keep drum in upright position. Do not roll drum on side 
24. Handle under inert gas atmosphere in DRY equipment 
25. Keep from freezing 
26. Loosen closure cautiously before opening 
27. Store separately from, and avoid contact with, dehydrating 

materials and other materials 
28. Keep away from fire 
29. Open container carefully and only in dry oxygen-free or inert atmosphere 
30. Store in cool dry place 
31. Store in cool place in original container and protect from direct 

sunlight 

W-S-23 



Exhibit W-S-5f (page 2 of 2) 

32. Keep container closed to prevent drying out 
33. Do not heat cylinders 
34. Keep away from acids and heat 
35. Never return unused HYDROGEN PEROXIDE to container. Dilute 

with plenty of water 
36. Avoid spillage and contact with moisture or combustibles 
37. Fire or high temperatures may cause explosive decomposition if 

confined 
3S. In case of fire, smother with dry sand, dry ground limestone, or 

dry powder type materials specially designed for metal powder 
fires. Do not use carbon tetrachloride, carbon dioxide 
extinguishers, or water 

39. Do not use air pressure to transfer 
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EXHIBIT W-8-5g. FIRST AID STATEMENTS 

1. First Aid CALL A PHYSICIAN AS SOON AS POSSIBLE 

2. 

3. 

If swallowed, induce vomiting by sticking finger down throat or by 
giving soapy or strong salty water to drink. Repeat until vomit is 
clear. Never give anything by mouth to an unconscious person. 

First Aid 
In case 

water for at 
shoes. Wash 

First Aid 

CALL A PHYSICIAN AS SOON AS POSSIBLE 
of contact, immediately flush eyes or skin with plenty of 
least 15 minutes while removing contaminated clothing and 
clothing before reuse. (Discard contaminated shoes.) 

CALL A PHYSICIAN AS SOON AS POSSIBLE 
If inhaled, remove to fresh air. If not breathing give artificial 

respiration, preferably mouth-to-mouth. If breathing is difficult, give 
oxygen. 

4. First Aid CALL A PHYSICIAN AS SOON AS POSSIBLE 
In case of eye contact, immediately flush eyes with plenty of 

water for at least 15 minutes. Remove contact lenses if worn. 

5. First Aid CALL A PHYSICIAN AS SOON AS POSSIBLE 
In case of contact, immediately flush eyes with plenty of water 

for at least 15 minutes. Flush skin with water. (Wash clothing 
before reuse.) 

6. First Aid 
In case of contact, immediately wash skin with soap and plenty of 

water. 

7. First Aid 
Do NOT induce vomiting. Call a physician as soon as possible. 

8. Antidote: (indicate commonly available antidote.) 

9. Note to Physicians: (Give detailed specific treatment including 
drug dosage.) 

10. Call the Life Squad or local emergency unit. 
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EXHIBIT W-8-5h. STATEMENTS SPECIFYING SPECIFIC DISPOSAL INSTRUCTIONS 

1. Flush spill area with water spray. 

2. Soak up spill with sand or earth. Do not use water. 

3. Flush away spill by flooding with water applied quickly 
to entire spill. 

4. Keep upwind of leak: Evacuate enclosed places 
until gas has dispersed. 

5. Dike spill and decontaminate by .•• 

6. Do not flush into sewers. 

7. Dispose of sodium by burning carefully in an open fire. 

s. Sweep up spillage with strong calcium hypochlorite solution. 

9. Treat spillage with strong calcium hypochlorite solution 
and flush to sewer. 

10. In case of spillage, keep wet and remove carefully. 

11. Soak up with rags and dispose in covered metal containers. 

12. Consult local solid waste regulations for safe disposal. 

13. Do not sweep. Use vacuum cleaning equipment only. 
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EXHIBIT W-8-Si. SAMPLE LABEL 

I Extreme Health Hazard I 

Extremely Flammable 

Moderately Reactive 

Fatal if swallowed, inhaled, or absorbed through the skin. 

Causes severe eye burns. 

Protect from all sources of ignition. 

Subject to violent polymerization. 

Do not breathe vapor or get in eyes, on skin, on clothing. 

When possibility of contact exists: 
Wear full neoprene suit, rubber boots, rubber gloves, 
and self-contained breathing apparatus. 

Avoid contact with acid, organic compounds, or water. 

FIRST AID CALL A PHYSICIAN AS SOON AS POSSIBLE 

Immediately upon exposure, flush skin and eyes with water 
for 15 minutes while removing contaminated clothing and shoes. 
Wash clothing before reuse. Discard contaminated shoes. 

Refer to Data Sheet on file. 
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WORKSHEET W-8-l. MATERIALS INVENTORY 

Complete this page and the next 3 pages for your school or work area. 

NAME _____________________________________________ DATE ________ _ 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY ________________________________________ STATE ______ __ 

l. Describe your present inventory system. 

a. 

b. 

c. 

d. 

e. 

What materials do you inventory? 

How 

Who 

What 

What 

(1) 

(2) 

(3 ) 

(4) 

(5) 

often 

takes 

kind 

data 

do you inventory? 

the inventory? 

of form do you use? 

do you record? 

2. What do you do with the inventory data? 

Example: File it in a folder. 
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Worksheet W-8-1 (page 2 of 4) Name -------------------

3. If you were asked to desi~n a new inventory form, what kind of data 
would you elicit? List below in order of importance and explain why. 

a. Name of Material 

b. Amount 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

4. What disposition would you recommend for your new inventory form? 

5. Apply your answers above to pages 3 and 4 of this worksheet. 

a. Use the top part of page 3 to design a page header. 

b. Add appropriate column headers and draw vertical lines accordingly. 

c. Take or simulate an inventory of at least 10 typical materials 
found in your laboratory or stockroom. 

\01-8-30 



Worksheet W-8-1 (page 3 of 4) Name ________________________ __ 
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HORKSHEET W-8-2. LABEL SYSTEM 

Complete the following pages for your school or work area. 

NAME DATE 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY STATE 

1. The information below is given in reference charts prepared by the 
Manufacturing Chemists' Association for the Guide to Safety in the 
Chemical Laboratory (1972, pp. 323-498). 

a. Substance/Formula 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j . 

k. 

1. 

Waste Disposal Procedure (Code) 

TLV (ACGIH) PPM (mg/M3) 

NFPA Hazard Signals 

Specific Gravity 

Vapor Density 

Flash Point 

Ignition Temperature 

Flammable or Explosive Limits in Air 

Boiling Point 

Melting Point 

Solubility in H20 g/lOOg 

(A) (B) 

In column (A) to the right, check the information you would record 
for reference in your own laboratory. 

In column (B) to the right, check the information you would put on 
labels for substances in your laboratory. 
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Worksheet W-8-2 (page 2 of 6) Name 

2. What additional information is desirable? 
List below in order of importance. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

Reference 
(A) 

Label 
(B) 

3. Page 3 of this Worksheet shows a sample form for recording information 
in a reference manual for your laboratory. 

Complete this form for sulphuric acid. 

4. Page 4 of this Worksheet uses a labeling system proposed by NIOSH. 

Complete the blanks for sulphuric acid. 

5. Page 5 of this Worksheet provides opportunities to design labels for 
two given situations and a third of your choice. 

Use page 6 for notes. 
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Worksheet W-S-2 

CHEt~ I CAL NAME 

FORMULA 

KINDS OF 
HAzARDS 

SEVERITY OF 
HAzARDs 

EMERGENCY 
TREATMENT 

SUPPLIER 

DATE 

USAGE 

OTHER 
INFORMATION 

(page 3 of 6) Name 

FLASH POINT 

CoRROSIVE TO SKIN AND EYES F~LE 
TOXIC BY INGESTION REACTIVE WITH WATER 
TOXIC BY INHALATION UNSTABLE 
TOXIC BY SKIN CONTACT RAn I OACTI VE 

HEALTH 0 1 2 3 4 
FIRE 0 1 2 3 4 
REACTIVITY 0 1 2 3 4 
SPECIFIC 

PREPARED __ PURCHASED __ RECEIVED __ 
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Worksheet W-8-2 (page 4. of 6) Name 

SAMPLE LABEL FOR SULPHURIC ACID 

D 
D 
D 

a. Health Related Statements (Exhibit W-8-Sa) 

b. Health Hazard Action Statements (Exhibit W-8-Sb) 

c. Fire Amplifying Statements (Exhibit W-8-Sc) 

d. Fire Hazard Action Statements (Exhibit W-8-Sd) 

e. Reactivity Amplifying Statements (Exhibit W-8-Se) 

f. Reactivity Hazard Action Statements (Exhibit W-8-Sf) 

g. First Aid Statements (Exhibit W-8-Sg) 

h. Statements Specifying Specific Disposal Instructions (Exhibit W-8-Sh) 
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Worksheet W-8-2 (page 5 of 6) 

A. Teacher transfers some 
methyl alcohol from a 
stock bottle to a 
reagent bottle. 

Hazard Signals 

1 Health 

3 Flammability 

o Reactivity 

B. Student prepares 200 ml 
of a 20% solution of 
potassium hydroxide 
for tomorrow's lab. 

Hazard Signals 

3 Health 

0 Flammability 

1 Reactivity 

c. Describe a labeling 
problem in a course 
other than chemistry. 
Then prepare a label. 

Name 

SAMPLE LABELS 
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Worksheet W-8-2 (page 6 of 6) Name 

NOTES 
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WORKSHEET W-8-3. TEACHER AND STUDENT RESPONSIBILITIES FOR LABELING 

Complete this page and the next page for your school or work area. 

NAME 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY 

DATE 

STATE 

1. List courses involving materials that require labels. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

Title 

2. Special problems in the above. 

W-8-39 
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SAFETY IN THE SCHOOL SCIENCE LABORATORY (250) 

WORKSHOP ON SAFETY EQUIPMENT NO. W-13 

METHODS Explanation, Practice, and Testing LENGTH 2 hours 

PURPOSE Provide opportunities for hands-on or first hand experience 
with safety equipment. 

OBJECTIVES Enable the trainee to ... 

SPECIAL 
TERMS 

INSTRUCTOR 
MATERIALS 

TRAINEE 
MATERIALS 

1) Demonstrate a knowledge of the purpose and operation of 
10 common pieces of safety equipment. 

2) Demonstrate the technique of properly using 10 common 
pieces of safety equipment. 

3) Perceive further needs and requirements for using the 
equipment in the laboratory. 

Hazard Control 
Hazard Evaluation 
Hazard Recognition 
Instrumentation 
Safety Equipment Checklist 

Lesson Plan 
Sample ~quiprnent and Related Supplies 

Lesson Plan (complete) 
Sample Equipment and Related Supplies 
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INTRODUCTION . . . . . . . . . • 

Safety Equipment Checklist 

CONTENTS 

Hazard Recognition or Identification 

Hazard Evaluation or Measurement 

Hazard Control or Prevention 

Directions 

EXHIBITS 

W-13-l. Suggested Items for Safety Equipment Checklist 

W-13-2. Hazard Recognition "Equipment" 

W-13-3. Hazard Evaluation Equipment 

W-13-4. Hazard Control Equipment .•• 

WORKSHEETS 

W-13-3 

. W-13-3 

W-13-3 

W-13-4 

W-13-S 

W-13-6 

•. W-13-7 

.. W-13-8 

W-13-9 

. W-13-l0 

W-13-1. Safety Equipment Practice . . . . . . . . . . . . . . W-13-11 
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LESSON Workshop on Safety Equipment NO. W-13 

NOTES 

Exhibit W-13-l 

Exhibit W-13-2 

INSTRUCTION 

INTRODUCTION 

Instruments and tools are an integral part 

of a safety program. Throughout this training 

course, reference is made to equipment and 

devices used to evaluate (measure) and control 

(prevent) safety and health hazards in the work 

or school environments. 

In this lesson, laboratory teachers have 

a chance to become more familiar with safety 

equipment and gain experience in actually using 

10 common items. 

Safety Equipment Checklist 

Each science teacher should conduct a 

regular safety inspection of the laboratory on a 

daily basis. More thorough inspections should 

be made at other frequent intervals. 

If the school does not provide checklists, 

each teacher should prepare suitable forms. 

Hazard Recognition or Identification 

Safety and health professionals learn to 

rely on judgment and sensory perception for the 

initial assessment of hazards. 

In the school science laboratory, the most 

W-13-3 



LESSON Workshop on Safety Equipment NO. W-13 

NOTES 

Alert Prepared Teacher 
(APT) 

Exhibit W-13-3 

INSTRUCTION 

effective "equipment" for the recognition of 

safety and health hazards is the Alert Prepared 

Teacher. We might call him or her the APT. 

The APT learns to use eyes, ears, and nose 

to identify potential safety and health hazards, 

applying knowledge, skills, and attitudes about 

people, the environment, and the products or 

processes in use. 

Hazard Evaluation or Measurement 

Chemicals and physical agents constantly 

pose a threat to safety and health where they 

are made, used, and stored. 

These risks to safety and health can be 

greatly reduced by proper management, engineer-

ing controls, and personal protective equipment. 

Quantities can be limited, personnel can be 

informed in detail about the hazards, and very 

hazardous materials can be prohibited. However, 

the work air should also be monitored. 

Measuring devices must be properly main-

tained and calibrated. Calibration should be 

continuous, but it is especially important when 

the devices are received, repaired, and in 
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LESSON Workshop on Safety Equipment NO. W-13 

NOTES INSTRUCTION 

Exhibit W-13-4 

hard use. Other procedures to follow are: 

1. Always store in a cool, dry, dust-free, 
non-corrosive atmosphere. 

2. Check battery-operated instruments for 
full charge before use. 

3. Keep records of battery changes, 
calibration, and maintenance, plus any 
changes made in the equipment. 

4. Study and follow the manufacturers' 
directions. File in a convenient 
place. Duplicate for lab use. 

Instrumentation in this important aspect of 

occupational safety and health is mushrooming in 

quantity and sophistication. Unfortunately, all 

the equipment on the market does not serve the 

intended purpose or function well. 

In this workshop, teachers will examine the 

purpose and function of various measuring 

devices. Such examination and practice with 

relatively simple items lay the foundations for 

assessing the cost-effective benefits of future 

purchases for the school science laboratory. 

Hazard Control or Prevention 

Equipment for preventing injurious accidents 

or work-related disease and illness is also 

increasing in availability, due to the impetus of 
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LESSON Workshop on Safety Equipment NO. W-13 

NOTES 

OSH Act of 1970/29 CFR 
1910 

See Appendix Band 
NIOSH Publications List 

INSTRUCTION 

Federal and State laws and regulations for 

occupational safety and health. 

Again, however, availability and price do 

not insure quality. Teachers must learn to look 

beyond promotional features and gimmicks into 

real purpose and function. There is help in 

the technical literature for those who are 

interested in further study in this area. 

Directions 

Specific directions for this lesson will be 

provided by training supervisors and instructors 

However, the general guidelines are: 

1. Review the Worksheet to find out what is 
required. Then study the exhibits. 

2. Examine the equipment and complete a 
separate Worksheet for each piece. 

3. Practice using each piece of equipment until 
you feel confident with the techniques. 

4. Arrange with the instructor to be "tested" 
on the proper use of the equipment. 

5. Give your Worksheets to the instructor for 
signing and recording. 
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EXHIBIT W-13-l. SUGGESTED ITE}fS FOR SAFETY EQUIPMENT CHECKLIST 

Item 

Door(s) 
Window(s) 
Floor 
Cabinet(s) 
Shelving 
Ventilation 
Lighting 
Heat (Above 2SoC) 
Water 
Waste Drain 
Fire Extinguisher 
Safety Shower 
Fire Blanket 
Eye Wash 
First Aid Kit 
Fume Hood 
Student Lab Station 
Instructor Preparation 

Station 
Instructor Demonstration 

Desk 
Master Water Cut-Off Valve 
Master Electric Cut-Off 

Switch 
Master Gas Cut-Off Valve 
Chemical Reagents 
Disposition of Hazardous 

Materials 
Disposition of Unlabeled 

Materials 
Disposition of Unusable 

Equipment 
Glassware 
Other 

COMMENTS: 

Classroom Laboratory Storeroom 

Source: Science Safety. Division of Secondary Education, Department of 
Education, Commonwealth of Virginia, Richmond, Virginia (July 1976). 
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EXHIBIT W-13-2. HAZARD RECOGNITION "EQUIPMENT" 

Eyes Knowledge 

Ears Skills 

Nose Attitudes 

Alert Prepared Teacher (APT) 
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EXHIBIT W-l3-3. HAZARD EVALUATION EQUIPMENT 

Item Purpose 

Combustible Gas Meter 

Detector Tube System 

Electric Hazard Tester 

Geiger-Mueller Counter 

Light Meter 

Noise Meter 

Radiation Detector 

Velometer 

Ventilation Smoke Tube 

Wind Chimes or Mobiles 

Take air measurements. 

Indicate presence of hazardous gases and vapors. 

Evaluate static charge, current leaks, and 
electrical outlets. 

Measure radioactivity. 

Measure levels of illumination. 

Measure sound levels. 

Measure radiation. 

Measure air flow. 

Measure air flow direction and r~te. 

Indicate air flow. 
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EXHIBIT W-13-4. HAZARD CONTROL EQUIPMENT 

Item 

Eyewash Facilities 

Fire Blankets 

Fire Extinguishers 

First Aid Kits 

Lab Aprons 

Lab Gloves 

Respirators 

Safety Goggles 

and 

Face Shields 

Safety Showers 

Sand Buckets 

Tongs 

Waste Containers 

---

Purpose 

Prevent or reduce injuries from chemicals. 

Smother flaming clothes or hair. 

Put out fires. 

Give emergency treatment for burns, cuts, etc. 

Protect body and clothing from biological and 
chemical hazards. 

Protect hands from laboratory hazards. 

Prevent inhalation of toxic substances. 

Protect eyes from chemical and particle injuries. 

Protect head, face, and neck from chemical and 
particle injuries. 

Prevent or reduce injuries from chemicals. 

Smother small fires. 

Protect hands from burns and chemical injuries. 

Prevent fires, explosions, and pollution. 
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WORKSHEET W-13-l. SAFETY EQUIPMENT PRACTICE 

Complete this page and the next page for each piece of equipment tried. 

YOUR NAME DATE 

YOUR TITLE ________________________________________________________ __ 

SCHOOL 

DEPARTImNT ______________________________________________________ __ 

LOCATION: CITY STATE 

1. Description (Complete as many of the blanks below as possible.) 

a. Name (Generic) 

b. Name (Brand) 

c. Model, Serial, or other ID Number 

d. Maker or Supplier 

e. Cost per Unit 

2. What is the equipment supposed to do? (Purpose) 

3. How is the equipment supposed to work? (Operation) 

4. 

5. 

Does it seem to fulfill its purpose? 

Explain. 

Does it seem to operate properly? 

Explain. 

W-13-11 
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Worksheet W-13-1 (page 2 of 2) Name 

6. Courses in which the equipment might be used. 

Title No. Students 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

7. Special problems with the above. 

8. Further education/training necessary for classroom use. 

a. Teachers 

b. Students 

c. Other (Administrators, Parents, etc.) 

8. Time estimate for you to use the equipment properly with confidence. 

a. Explanation ____ _ b. Practice ----- c. Test:i,ng ____ _ 

10. (For Instructors Only) The trainee has satisfactorily demonstrated 

a. Knowledge of purpose and operation of equipment. 
b.· Technique of proper usage of equipment. 
c. Perception of further needs and requirements. 

Name Date 
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APPENDIX A - Audio-Visuals 

The In-Service Training Program on Safety in the Laboratory for 

School Science Teachers is based on lectures, workshops, laboratories, and 

audio-visual sessions. A total of 16 contact hours (50 minutes each) of 

formal instruction is necessary for teachers to obtain the CS 3 - NIOSH 

course certificate and 1.6 Continuing Education Units (CEU's). 

There is a large universe of safety and health aids directed toward 

employers and employees. To date, however, only a few seem to have been 

made especially for school audiences. 

Selected audio-visuals are listed in this Appendix. Suggestions for 

further additions are welcomed and encouraged. Please make suggestions by 

providing full descriptions to NIOSH via State Science Supervisors and the 

Council of State Science Supervisors. 

SLIDES 

A set of slides (35mm) is furnished by NIOSH to each State Science 

Supervisor, who will reproduce and distribute copies for all local training 

groups. (Some local rotation of slide sets may be necessary.) 

Each slide is numbered in sequence by lesson (1-1, 1-2, etc.) and a 

slide script is provided at the end of the corresponding lesson material. 

This script includes small photographic reproductions of the slides, as well 

as numbers, content descriptions, and titles in some cases. 

The NIOSH slides should be used as part of the basic lessons and not 

as separate audio-visual sessions. 
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FILMS, FILMSTRIPS, VIDEO CASSETTES, AND SLIDE-TAPE SETS 

These training tools may be used as Instructional Aids (those which 

supplement other course materials, literature, etc.) or as Instructional 

~ledia (those which are complete enough to comprise lessons in themselves, 

and teach without the necessary inclusion of additional information.) 

Part 1. of this appendix lists those films, filmstrips, slide-tape sets, 

and video cassettes which fall into the category of Instructional Media. It 

is suggested that they be used as independent lessons, or companion lessons, 

generating discussion from which specific learning objectives should be 

achieved. It is important, therefore, that the moderator/instructor struc­

ture group discussion activities so as to produce results consistent with 

objectives. More specifically, there should be definite results in the form 

of lists, suggestions, affirmative action plans, etc. from each A-V session. 

Part 2. of the appendix lists films, filmstrips, slide-tape sets, and 

video cassettes which may be classified as Instructional Aids, indicating 

that, for our purposes in this course, they should be used to supplement 

other materials. Although in many instances these aids present principles 

rather than specific guidelines to safe behavior, they also can be used to 

generate group discussion from which specific information leading to affirma­

tive action will result. 

WORKSHEET A-I, AUDIO-VISUAL CRITIQUE, is designed to help maximize the use 

of both primary and secondary audio-visual materials. An Audio-Visual 

Critique should be prepared by each participant or discussion group for 

each A-V viewed. 
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The local training supervisors should reproduce sufficient copies of 

the critique form in advance. These worksheets should be distributed and 

completed at the showings. They may then be used as a basis for the dis­

cussions. The teacher trainees may elect to keep the sheets as a record of 

intended positive action. 

Results of the A-V sessions should be reported to the Council of State 

Science Supervisors via State Supervisors. The Optional Instructor Work­

sheet A-2 may be used for this purpose if desired. 

The following pages provide an annotated list of loan-free and rental 

audio-visuals and a list of some of the organizations which offer films, 

filmstrips, and slide sets for rent or sale. 
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PART 1 

THE ABC'S AND D"S OF PORTABLE FIRE EXTINGUISHERS 

Motion Picture, 16 mm, Color, 26 minutes 

A step by step description on how to operate and use portable 
extinguishers, includes how they work and the differences in the 
various types. 

IN CASE OF FIRE 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

Motion Picture, 16 mm, Color, 17 minutes 

Features the elements of fire, classes of fire and a variety of 
portable extinguishers. 

CHEMICAL BOOBY TRAPS 

National Safety Council 
Los Angeles Chapter 
3388 W. 8th Street 
Los Angeles, California 90005 

Motion Picture, 16 mm, Color, 13 1/2 minutes 

An excellent film which demonstrates the need for personal 
protection, hoods and other safety devices. 

National Safety Council 
425 N. Michigan Avenue 
Chicago, Illinois 60611 only 
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Part 1 (conld) 

COMPRESSED GASES ... UNDER YOUR CONTROL 

Motion Picture, 16 mID, Color, 19 1/2 minutes 

Many safety points in the handling of compressed gases are covered 
in this film. It is a good "discussion starter" into the safety 
policies of your particular industry or institution. 

Matheson Gas Products 
P. O. Box 85 
E. Rutherford, New Jersey 07073 

EYE AND FACE PROTECTION IN CHEMICAL LABORATORIES 

Motion Picture, 16 mID, Color, 22 minutes or 13 1/2 minutes 

A film which illustrates the violence of chemical explosions and 
their danger to person and property. Ways are suggested for making 
the laboratory safer. 

National Society for the 
Prevention of Blindness 

- State Chapters 
or 

79 Madison Avenue 
New York, N. Y. 10016 

LABORATORY SAFETY - Part I 

Motion Picture, 16 mID, Sound, 20 minutes 

This excellent film was produced by the Virginia State Department of 
Education. It is one of the very few films which directly addresses 
the school laboratory safety issue. 

NIOSH will supply one copy to each State 

Contact your State Science Supervisor or other 
designated responsible State Officer. 
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Part 1 (conld) 

LAB SAFETY 

16 mm, Color, 12 minutes 

Shows methods of avoiding accidents in chemical laboratories and 
outlines procedures to follow when accidents occur. 

LASER SAFETY 

University of California 
Extension Media Center 
2223 Fulton Street 
Berkeley, California 94720 

Motion Picture, 16 mm, Color, 18 minutes 

Vividly illustrates hazards involved in using lasers and shows what 
can be done to prevent injuries to eyes and skin. The film explains 
the four properties that make lasers a useful tool but can also com­
bine to destroy biological tissue. An excellent film. 

LASER SAFETY 

National Audio Visual Center 
Washington, D.C. 

or 
University of California 
Extension Media Center 
2223 Fulton Street 
Berkeley, California 94720 

Filmstrip/tape, Color, 13 minutes 

Describes eye damage and skin burns as well as secondary hazards 
such as electrical shock and chemical exposure. 

NIOSH 
Office of Technical Publications 
Robert A. Taft Labs 
4676 Columbia Parkway 
Cincinnati, Ohio 45226 
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Part 1 (conld) 

RESEARCH LABORATORY SAFETY 

Slide/tape, 10 minutes 

A well designed cartoon type illustrated package on general 
procedures for safe laboratory operation. 

NIOSH will furnish 1 copy to each State 

Contact your State Science Supervisor or 
other designated responsible State Officer. 

Or available for rental: 

National Safety Council 
425 N. Michigan Avenue 
Chicago, Illinois 60611 

SAFE HANDLING OF LABORATORY ANIMALS 

Motion Picture, 16 rom, Sound, 15 minutes 

Demonstrates the techniques of handling and emphasizes methods 
of avoiding injury and infections. 

National Medical Audio Visual Center 
National Library of Medicine 

refer to M-455 Atlanta, Georgia 30324 

SAFETY ATTITUDES 

Motion Picture, 16 rom, Color, 10 minutes 

Describes the causes and effects of unsafe attitudes. Illustrates 
that attitudes are learned, not inherited. 

National Safety Council 
425 N. Michigan Avenue 
Chicago, Illinois 60611 

or 
Los Angeles Chapter nf NSC 
3388 W. 8th Street 
Los Angeles, California 90005 
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Part 1 (con'd) 

SAFETY IN THE CHEMICAL LABORATORY 

Motion Picture, 16 mm, Color, 20 minutes 

Safe practices when using chemicals in the laboratory are explained 
with special emphasis on the handling of flammables . 
••... Accompanied by a teacher's guide. 

National Safety Council 
425 N. Michigan Avenue 
Chicago, Illinois 60611 

or 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

SAFETY IN THE SCIENCE LAB - A Series 

Video cassette 3/4" U-matic, 15 minutes each 

1. Introduction 
2. Handling Glassware Properly 
3. Proper Eye Protection 
4. Electrical Hazards 
5. Legal Liability 
6. Fire Protection and Prevention 
7. Elementary First Aid 

This series was developed and produced under the sponsorship of the 
N.E. Tennessee Section of the American Chemical Society in 
Cooperation with WSJK-TV, Knoxville, especially for the in-service 
training of junior and senior high school teachers of Upper East 
Tennessee. 

Available on loan only from 
Dr. George J. O'Neill 
Research Labs 
Tennessee Eastman Company 
Kingsport, Tennessee 37662 

or contact: 
Glenda White 
Div. of Training & Manpower Development 
National Institute for Occupational 

Safety and Health 
Robert A. Taft Labs 
4676 Columbia Parkway 
Cincinnati, Ohio 45226 
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Part 1 (con'd) 

TAKE YOUR CHOICE 

Motion Picture, 16 mm, Color, 13 minutes 

A good film to generate discussion. Set in a high school chemistry 
laboratory, a student believes that accidents happen only to other 
people. 

28 GRAMS OF PREVENTION 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

Motion Picture, 16 mm, Color, 25 minutes 

An excellent film on lab safety which covers the various aspects 
of safety such as labels, safety devices, storage, fire extinguishers, 
classes of fire, sprinkler or alarm systems, first aid, personal 
protective devices, disposal and electric shock. 

Fisher Scientific Company 
711 Forbes Avenue 
Pittsburgh, Pa. 15219 

or contact: 
Glenda White 
Div. of Training & Manpower Development 
National Institute for Occupational 

Safety and Health 
Robert A. Taft Labs 
4676 Columbia Parkway 
Cincinnati. Ohio 45226 

WORKING WITH COMPRESSED GASES 

Motion Picture, 16 mm, Color, 20 minutes 

Demonstrates safe handling of compressed gases in industry and 
research. 

Matheson Gas Products 
P. O. Box 85 
E. Rutherford, New Jersey 07073 
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PART 2 

THE ACCIDENT BUG 

Motion Picture, 16 mm, Color, 25 minutes 

A crash course in the Occupational Safety and Health Act. Directed 
at employers, this film stresses the importance of proper record­
keeping as required under the Occupational Safety and Health Act. 

BARE MINIMUM 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

Motion Picture, 16 rnrn, Color, 10 minutes 

Demonstrates the value of personal protective equipment. This film 
is one of a Safety Management Film Series intended to provide fore­
men and supervisors with training in the basic areas of accident 
prevention. 

BE A PRO 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

Motion Picture, 16 rnm, Color, 15 minutes 

Stresses that just as professional athletes protect themselves 
with good equipment and attitudes, workers too should develop a 
professional attitude toward safety. 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 
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Part 2 (conld) 

EXPEDITE - SCHOOL EYE SAFETY 

Motion Picture, 16 mm, Color, 12 minutes 

Illustrates eye hazards in school chemistry labs, industrial art 
classes and shops, with specific eye safety equipment recommended. 

FIRST AID SERIES: 

National Society for Prevention 
of Blindness 

State Chapter 
or 

79 Madison Avenue 
New York, New York 10016 

Motion Picture, 7 films, 16 mm, Color, 7-10 minutes each 

1. Artificial Respiration 
2. Control of Bleeding 
3. Physical Shock 
4. Open and Closed Wounds 
5. Burns and Scalds 
6. Fractures and Dislocations 
7. Transportation 

These films are an introduction to effective first aid procedures. 
The titles are self-explanatory. 

Also available in Spanish 

National Safety Council 
425 N. Michigan Avenue 
Chicago, Illinois 60611 

or 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 
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Part 2 (conld) 

NO SECOND CPJmCE 

Motion Picture, 16 mID, Color, 23 minutes 

A good film for general safety information and more specifically 
covering peroxide safety relevant t·o the polyester industry. 

PULSE OF LIFE 

Sellstrom Manufacturing Company 
Sellstrom Industrial Park 
P. O. Box 355 
Palatine, Illinois 60067 

Motion Picture, 16 rom, 28 minutes 

A good demonstration of Artificial Respiration and Artificial 
Recirculation. 

National Safety Council 
425 N. Michigan Avenue 
Chicago, Illinois 60611 only 

or contact: 
Glenda White 
Div. of Training and Manpower Development 
National Institute of Occupational Safety 

and Health 
Robert A. Taft Labs 
4676 Columbia Parkway 
Cincinnati, Ohio 45226 

READ THE LABEL AND LIVE 

Motion Picture, 16 rom, Color, 9 minutes 

Explains why warning labels should be read; how to distinguish between 
more and less hazardous substances. Examples are directed at the 
general audience and emphasizes substances found around the home. 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 
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Part 2 (con' d) 

A SAFE BET 

Motion Picture, 16 mm, Color, 20 minutes 

A serious yet entertaining safety training film demonstrates that 
carelessness and unsafe practices are gambles as much as 
dice, cards and even Russian roulette. 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

SAFETY - A WAY OF LIFE 

Motion Picture, 16 mm, Color, 21 minutes 

Safety is dependent on safe attitudes at work and on the highway. 
This film is a discussion generator. 

U.S. Department of Labor 
MESA 
4800 Forbes Avenue 
Pittsburgh, Pennsylvania 15213 

SCHOOL INSPECTION SAFETY 

35 mm Slide-tape 

This slide series gives general and basic information relating 
to school safety. Content is good. 

Workmen's Compensation Board 
APD, Film Library 
Labor & Industries Bldg. 
Salem, Oregon 97310 

STRAIGHT TALK ON EYE SAFETY 

Motion Picture, 16 mm, Color, 12 1/2 minutes 

A filmed interview emphasizes "prevention." It is a plea to 
schools and industry on the need for eye and face protection. 
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Part 2 (con'd) 
Straight Talk on Eye Safety (con'd) 

TALK IT UP 

National Society for Prevention 
of Blindness 

- State Chapters 
or 

79 Madison Avenue 
New York, New York 10016 

Motion Picture, 16 rom, Color, 10 minutes 

One of a 3-film communicating safety series, this film stresses the 
fact that successful supervisors are committed to safety. It depicts 
various methods of motivating others to join that commitment. 

National Safety Council 
Los Angeles Chapter of NSC 
3388 W. 8th Street 
Los Angeles, California 90005 

TOXIC CHEMICAL AGENTS .•. Physiological Effects 

Video Cassette 3/4" U-Matic 

An excerpt from the film, "Toxic Chemical Agents," produced by the 
U.S. Air Force. 

Glenda White 
Div. of Training and Manpower Development 
National Institute for Occupational 

Safety and Health 
Robert A. Taft Labs 
4676 Columbia Parkway 
Cincinnati, Ohio 45226 

WINDOWS OF YOUR SOUL 

Motion Picture, 16 mm, Color, 28 minutes 

"Windows" is an older but stirring fil::! which features the late 
Senator Everett M. Dirksen pointing up the importance of wearing face 
and eye protection in school shops, labs and industry. 

Sellstrom Manufacturing Company 
Sellstrom Industrial Park 
P. O. Box 355 
Palatine, Illinois 60067 
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ORGANIZATIONS PROVIDING RENTAL OR SALE FILMS AND FI~1STRIPS DEALING 
WITH OCCUPATIONAL SAFETY AND HEALTH 

Abbott Laboratories 
Professional Relations Department 
Abbott Park 
North Chicago, IL 60064 

Aetna Life & Casualty 
151 Farmington Avenue 
Hartford, CT 06115 

American Gas Association 
1515 Wilson Boulevard 
Arlington, VA 22209 

American Heart Association 
Distribution Dept. 
44 E. 23rd St. 
New York, NY 10010 

American Hospital Association 
840 North Lake Shore Drive 
Chicago, IL 60611 

American Optical 
Box 1 
Southbridge, MA 01550 

Area l6jCinesound 
915 N. Highland 
Hollywood, CA 90038 

Association-Sterling Films 
866 Third Avenue 
New York, NY 10022 
(Free Catalogs Available Upon Request) 

The Atchison, Topeka & Santa Fe 
Railway Co. 

80 E. Jackson Blvd. 
Chicago, IL 60604 

Better Vision Institute 
230 Park Avenue 
New York, NY 10017 

Bray Studios 
630 Ninth Avenue 
New York, NY 10036 

The Bureau of Business Practice 
24 Rope Ferry Rd. 
Waterford, CT 06385 

Close Productions, Inc. 
2020 San Carlos Boulevard 
Fort Myers Beach, FL 33931 

Creative Communications, Inc. 
13900 Panay Way 
Marina del Rey, CA 90291 

John V. Dunigan Studios 
208-5th Avenue 
New York, NY 10010 
(Catalogue available) 
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Fisher Scientific Company 
711 Forbes Avenue 
Pittsburgh, PA 15219 

Factory Mutual 
1151 Boston-Providence Turnpike 
Norwood, MA 02062 
(Fire films only) 

Federal Aviation Administration 
P. O. Box 25082 
Oklahoma City, OK 73125 

Edward Feil Productions 
1514 Prospect Avenue 
Cleveland, Ohio 44115 

The Fertilizer Institute 
1015 - 18th St., NW 
Washington, DC 20036 



General Electric Educational Films 
Corporations Park 
Bldg. 705 
Scotia, NY 12302 

The Greater Chicago Safety Council 
10 North Clark St. 
Chicago, IL 60602 

Greater Los Angeles Chapter 
National Safety Council 
3388 West 8th St. 
Los Angeles, CA 90005 

Harvest Films 
309 Fifth Avenue 
New York, NY 10016 

Hyster Co. 
P.O. Box 2902 
Portland, OR 97208 

Indiana University 
Audio-Visual Center 
Bloomington, IN 47401 

International Film Bureau, Inc. 
332 S. Michigan Avenue 
Chicago, IL 6060lf 

International Medifilms 
3491 Cahuenga Boulevard 
Los Angeles, CA 90068 

Iowa State University 
Fire Service Extension 
Ames, IA 50010 

Library Filmstrip Center 
3033 Aloma 
Wichita, Kansas 67211 

J.F. Lincoln Arc Welding Foundation 
P.O. Box 3035 
Cleveland, Ohio 44117 

Lineman's Supply Division 
P.O. Box 1690 
Binghamton, NY 13902 
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MacMillan Films 
34 MacQuesten Parkway, South 
Mount Vernon, N.Y. 10550 

Manufacturing Chemist Assn. 
1825 Connecticut Avenue, NW 
Washington, DC 20009 

Marshall Maintenance 
529 South Clinton Avenue 
Trenton, NJ 08611 

Middle West Service Co. 
69 Washington St. 
Chicago, IL 60602 

Mogull's 
235 W. 46th St. 
New York, NY 10010 

National Educational Media, Inc. 
15250 Ventura Blvd. 
Sherman Oaks, CA 91403 

The National Film Board of Canada 
1251 Avenue of the Americas 
New York, NY 10020 
(Address for catalogue only) 

National Restaurant Association 
One IBM Plaza 
Suite 2600 
Chicago, IL 60611 

National Rural Electric Cooperative 
2000 Florida Avenue, NW 
Retirement Safety & Insurance Dept. 
Washington, DC 20009 

National Society for Prevention 
of Blindness 

79 Madison Avenue 
New York, NY 10016 

National Safety Council 
425 N. Michigan Avenue 
Chicago, IL 60611 



New England Health Resource Center 
Dept. of Media Services 
University of New Hampshire 
Durham, NH 03824 

New York State College of 
Agriculture & Life Science 

Cornell University 
Roberts Hall - Film Library 
Ithaca, NY 14850 

The Ohio State University 
Film Library 
Dept. of Photography & Cinema 
156 W. 19th Avenue 
Columbus, OH 43210 

The Pennsylvania State University 
Audio-Visual Service 
176 Willard Building 
University Park, PA 16802 

Scott Education 
Customer Service 
104 Lower Westfield Rd. 
Holyoke, MA 01040 

Southern Pacific Transportation 
Company 

Audio-Visual Center 
475 Brannan St. 
San Francisco, CA 94107 
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U.S. Dept. of Agriculture 
Office of Communication 
Washington, DC 20250 

Universal Education & Visual Arts 
100 Universal City Plaza 
Universal City, CA 91608 

University of Kansas 
Audio-Visual Center 
746 Massachusetts St. 
Lawrence, KN 66044 

University of Michigan 
Audio-Visual Education Center 
416 Fourth St. 
Ann Arbor, MI 48103 

Visual Education, Inc. 
1425 H. St., NW 
Suite 424 - Southern Bldg. 
Washington, DC 20005 

Wilson Products Division 
P.O. Box 622 
Reading, PA 19603 

Xerox Films 
245 Long Hill Rd. 
Middletown, CT 06457 





WORKSHEET A-l. TRAINEE AUDIO-VISUAL CRITIQUE 

Complete this page and the next page for each audio-visual reviewed. 

Your Name ______________________________________________ Date ______________ _ 

Your Title 

School 

Department 

Location: City ______________________________________ ___ State -------------

DESCRIPTION 

Title: 

l'1edium: Film ___ , Filmstrip __ , Video Cassette __ , Slide-Tape Set 

1. Most important messages conveyed, from your point of view. 
please be specific. 

2. List the most important things you should be able to do as a result 
of reviewing this A-V. 
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Worksheet A-I (page 2 of 2) Name 

3. Were these ideas new to you? Yes ---- No __ _ 

4. Will you make any changes toward safe practices in your lab as a 
result of reviewing this A-V? Yes No ___ _ 

Explain. 

5. Comments 
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WORKSHEET A-2. INSTRUCTOR AUDIO-VISUAL CRITIQUE (OPTIONAL) 

Complete both pages and return to NIOSH via CS3 . 

Your Name Date 

Your Title 

School or Organization 

Address 

DESCRIPTION 

Title 

Medium: Film~ ___ , Filmstrip _____ , Video Cassette. _____ , Slide-Tape Set ______ __ 

Length (minutes or frames) ______________ __ Date prepared (if known) __________ _ 

Color? ________ __ Sound? ---------- Graphics? ________ __ 

Producer or Distributor 

1. Most important messages conveyed, from your point of view. Please be 
specific. 

2. In your oplnlon, what kind of group would benefit from the use of this 
A-V? (General Science, Specific Disciplines, etc.) 
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Worksheet A-2 (page 2 of 2) Name 

3. Did the use of this A-V generate an active discussion resulting in 
the dissemination of useful information? Please explain. 

4. Circle the letters of applicable elements below 
and rate each of these as shown. 

a. Length 

b. Color 

c. Sound 

d. Legibility of Graphics 

e. Treatment of Subject Matter 

f. Suitability for Students 

g. Suitability for Teachers 

h. Suitability for Parents 

i. Overall Quality 

j. Other (specify) 

5. Comments 
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APPENDIX B - LIBRARY RESOURCES 

Subject matter for the In-Service Training Program for High School Science 

Teachers is drawn from a vast and growing body of literature in the field of 

occupational safety and health. There are countless books, periodicals, and 

publications of many kinds in all aspects of related disciplines. 

So far, there appears to be very little published material that addresses 

the special problems of schools and classrooms. This is sure to come in the 

near future. Meanwhile, much of the industrially-oriented literature can be 

used for reference, with some adaptation and interpretation. 

The problem is to choose the most appropriate sources from a very large 

universe of possibilities. Selection criteria should include availability, 

reliability, and cost. 

A few basic references are suggested on the next pages, followed by several 

others of a more specialized nature. At least the basic items should be in 

the library of every school science department. The following article pro-

vides a more comprehensive list by major topics and includes journals and 

other sources of information: 

Carnow, B.W., et al. "A Bookshelf on Occupational Health and 
Safety," American Journal of Public Health. 65:503-520 (May 1975). 

Reprints of the above are available only in quantity from the American 

Public Health Association. 1015 - 18th Street. NW Washington. D.C. 20036. 

The minimum order is 100 copies for about $90 (as of June 1977). A Copy 

of this reprint will be provided by NIOSH to each State Supervisor. 

Good "starter" periodicals are: 

College & University Newsletter 412.01 5 issues per subscription. 
$2.15 
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Chemical Newsletter. 112.01, 12 issues per subscription which 
includes a volume of the National Safety Congress Transactions. 
$3.40 

Both of the above are available from the National Safety Council, 425 North 

Michigan Ave., Chicago, Ill. 60611. 

Another periodical for your consideration is Job Safety & Health, the 

official magazine of the U. S. occupational Safety and Health Administration 

(OSHA). It is available from the Superintendent of Documents, U. S. Government 

Printing Office, Washington, D. C. 20402. The annual subscription price is 

$13.6- in the U. S. 

B-2 



BASIC REFERENCES 

Accident Prevention Manual for Industrial Operations. Seventh Edition. 
National Safety Council, Chicago, Illinois (1974). $30.00 

Aldrich Chemical Co. Catalogue. Aldrich Chemical Co., 940 W. St. Paul Ave., 
Milwaukee, Wisconsin 53233 No Charge. 

CRC Handbook of Laboratory Safety. Second Edition., Norman V. Steere, Ed. 
Chemical Rubber Co., Cleveland, Ohio $33.95 

Chemical and Biological Safety Guide. U. S. Department of Health, Edu­
cation and Welfare, National Institutes of Health. Superintendent of 
Documents, U. S. Government Printing Office, Washington, D.C. Stock No. 
174000383 $3.85 

Fisher Safety Manual. Fisher Scientific Coo, 711 Forbes Ave., Pittsburgh, 
PA. 15219 No Charge. 

Industrial Safety Data Sheets & Chemical Safety Guides. National Safety 
Council, Chicago, Illinois Charges vary according to quantity ordered. 

Laboratory Waste Disposal Manual. new edition available after January 1978. 
Manufacturing Chemists Association, 1825 Connecticut Ave., Washington, D.C. 
20009 $5.50 

MCB Chemical Reference Manual, Volume II. MCB Chemical Co., 2909 Highland 
Ave., Norwood, Ohio 45212 No Charge. 

Merck Index. Merck & Co., Inc., Rahway, N.J. $18.00 

Registry of Toxic Effects of Chemical Substances. HEW Publication No. 
(NIOSH) 76-191. Superintendent of Documents, U. S. Government Printing 
Office, Washington, D. C. 20402 $13.00 

Safety in the Academic Chemistry Laboratory. American Chemical Society, 
1155 16th St., N.W., Washington, D. C. 18042. 5 or less free 

Safety in the Chemical Laboratory. Norman V. Steere, Ed., reprints in 3 
volumes. Division of Chemical Education, American Chemical Society, 
Easton, PA. 18042 $5.50 - $6.50 ea. 

Prices listed are as of June 30, 1977 
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OTHER USEFUL REFERENCES 

American National Safety Standard Practice for Occupational and Educational 
Eye and Face Protection. ANSI Z87.l-l968. American National Standards 
Institute, New York, N.Y. (1968) 

Code of Federal Regulations, Title 29, Part 1910. "Occupational Safety and 
Health Standards". U.S. Occupational Safety and Health Administration. 
Superintendent of Documents, U.S. Government Printing Office, Washington, 
D.C. 20402 

Communications for the Safety Professional. R.B. Konikow and F.E. McElroy: 
National Safety Council, Chicago, Illinois (1975) 

Dictionary of Terms Used in the Safety Profes~ion. 
Society of Safety Engineers, Park Ridge, Illinois 

W.E. Tarrants: 
(1972) 

American 

Essentials of Toxicology. Second Edition. T.A. Loomis: Lea & Febiger, 
Philadelphia, Pennsylvania (1974) 

Fundamentals of Industrial Hygiene. J.B. Olishifski and F.E. McElroy, Eds: 
National Safety Council, Chicago, Illinois (1971) 

Guide for Safety in the Chemical Laboratory. Second Edition. Manufacturing 
Chemists' Association: Van Nostrand Reinhold Company, New York, N.Y. (1972) 
(a portion of this i~; reproduced in the Laboratory Waste Disposal Manual 
listed under Basic References) 

Hazardous Materials Handbook. Beverly Hills, California: Glencoe Press (1972) 

The Industrial Environment - Its Evaluation and Control. National Institute for 
Occupational Safety and Health (NIOSH): U.S. Government Printing Office, 
Washington, D.C. (1973) 

Industrial Ventilation: A Manual of Recommended Practice. Fourteenth Edition. 
American Conference of Governmental Industrial Hygienists: Committee on 
Industrial Ventilation, P.O. ~ox 16153, Lansing, Michigan 48901 (l976) 

Lab Data. Quarterly. 
Chicago, Illinois 

Underwriters Laboratories, Inc. 
60611 

207 E. Ohio St., 

Manual of Hazardous Chemical Reactions. NFPA No. 491M. National Fire Protection 
Association, Boston, Massachusetts (1975) 

TLVs: Threshold Limit Values for Chemical Substances and Physical Agents in 
the Workroom Environrr:ent with Intended Changes. Anlerican Conference of 
Governmental Industrial Hygienists.: ACGIH, P.O.'·: 1937, Cincinnati, Ohio 
45201 (latest annual edition) 

B-4 



Other Useful References continued 

U.S. Occupational Safety and Health Act of 1970. Public Law 91-596, 9lst 
Congress, S. 2193 (December 29, 1970). No Charge 
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APPENDIX C - DIRECTORY OF RESOURCES 

Additional resources abound for interested participants in the In-Service 

Training Program on Safety in the School Science Laboratory. As with the 

literature, the problem is to select the most useful resources from a 

multitude of individuals and organizations in business, government at all 

levels, and education. 

Business 

Large manufacturers and major industries usually employ full-time or 

part-time safety and health professionals. For leads, consult local telephone 

directories and the Chamber of Commerce. 

Government 

All States and most Counties and Municipalities offer some services in 

safety and health. Start with the local telephone directory, looking for 

such agency names as labor, occupational safety and health, and public health. 

The U.S. National Institute for Occupational Safety and Health (NIOSH) 

and the Occupational Safety and Health Administration (OSHA) have regional 

offices in 10 cities: Atlanta, Boston, Chicago, Dallas, Denver, Kansas City, 

New York, Philadelphia, San Francisco, and Seattle. OSHA also has area offices 

in other large cities. 

NIOSH headquarters are in the Department of Health, Education, and Welfare 

in Rockville, Maryland (administrative offices) and Cincinnati, Ohio (research 

and training laboratories). OSHA headquarters are in the Department of Labor 

in Washington, D.C. 

Education 

Many major universities and some community colleges offer academic and 

continuing education programs in occupational safety and health or related 

disciplines. Faculty members may be available as resource persons. 
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Other Resources 

Professional societies, service agencies, and trade associations are also 

active in many facets of occupational safety and health. 

Insurance companies and associations may be overlooked by newcomers in 

the field, but they have been heavily involved for many years. 

The pages that follow contain a beginning list of national organizations 

that provide a variety of safety and health services. Many of these have 

local chapters or offices. 

A more thorough list, annotated and organized by type of organization, 

is presented in the following: 

"Sources of Help," Accident Prevention Manual for Industrial 
Operations. Seventh Edition. National Safety Council, Chicago, 
Illinois (1974), Chapter 23, pp. 591-630. 

A guide to finding the right help is included in the above. 

Reminder 

In contacting potential sources of help, be sure to explain needs and 

interests. In making a general inquiry about available materials and services, 

avoid asking for "everything you have on safety and health". 
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Name and Address Abbreviation 

AMERICAl~ ASSOCIATION OF INDUSTRIAL NURSES 
79 }1adison Avenue 
New York, N. Y. 10016 

AMERICAN CHEMICAL SOCIETY 
1155 - 16th Street, NW 
Washington, D. C. 20036 

AMERICAN CONFERENCE OF GOVERNMENTAL 
INDUSTRIAL HYGIENISTS 
P. O. Box 1937 
Cincinnati, Ohio ~5201 

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 
66 South Miller Road 
Akron, Ohio 44313 

AMERICAN INSURANCE ASSOCIATION 
Engineering and Safety Services 
85 John Street 
New York, N. Y. 10038 

AMERICAl~ LUNG ASSOCIATION 
1740 Broadway 
New York, N. Y. 10019 

AMERICAl~ MUTUAL INSURANCE ALLIANCE 
20 North Wacker Drive 
Chicago, Illinois 60606 

AMERICAN NATIONAL RED CROSS 
Safety Services 
17th and D Streets, NW 
Washington, D. C. 20006 

AMERICAN NATIONAL STANDARDS INSTITUTE 
1430 Broadway 
New York, N. Y. 10018 

AMERICAN PUBLIC HEALTH ASSOCIATION 
1015 - 18th Street, NW 
Washington, D. C. 20036 

AMERICAN SOCIETY FOR TESTING 
AND MATERIALS 
1916 Race Street 
Philadelphia, Pennsylvania 19103 
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AAIN 

ACS 

ACGIH 

AlHA 

AlA 

ALA 

A,MIA 

ANRC 

ANSI 

APHA 

ASTM 

Type of Organization 

Professional Society 

Professional Society 

Professional Society 

Professional Society 

Insurance 

Service 

Insurance 

Service 

Standards and 
Specifications 

Professional Society 

Standards and 
Specifications 



Name and Address Abbreviation 

AMERICAN SOCIETY OF SAFETY ENGINEERS ASSE 
850 Busse Highway 
Park Ridge, Illinois 60068 

INDUSTRIAL SAFETY EQUIP11ENT ASSOCIATION 
2425 Wilson Boulevard 
Arlington, Virginia 22201 

MANUFACTURING CHEMISTS' ASSOCIATION 
1825 Connecticut Avenue, NW 
Washington, D. C. 20009 

NATIONAL FIRE PROTECTION ASSOCIATION 
470 Atlantic Avenue 
Boston, Massachusetts 02210 

NATIONAL SAFETY COUNCIL 
425 North Michigan Avenue 
Chicago, Illinois 60611 

NATIONAL SOCIETY FOR THE PREVENTION 
OF BLINDNESS 
79 Madison Avenue 
New York, N. Y. 10016 

UNDERWRITERS LABORATORIES, INC. 
207 East Ohio Street 
Chicago, Illinois 60611 
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ISEA 

MCA 

NFPA 

NSC 

NSPB 

UL 

Type of Organization 

Professional Society 

Trade Association 

Trade Association 

Fire Protection 

Service 

Service 

Fire Protection 



APPENDIX D - PROGRAH EVALUATION 

The success of the In-Service Training Program on school laboratory safety 

depends on many factors, but State and Local Science Supervisors clearly have 

the heaviest responsibility for effective implementation. 

Teacher trainers need great flexibility in planning, conducting, and 

evaluating the proposed programs in their districts. However, in order to 

assess the effort as a whole, some basic measurements should be taken and 

reported to NIOSH via the Council of State Science Supervisors. 

Trainee Critiques 

Many supervisors will have their own "standard" evaluation instruments 

and procedures for teacher training. Others may prefer to develop their own 

on an ad hoc basis. In any case, some kind of written critique is strongly 

recommended for all participants who complete the program. Teacher comments 

are also needed to improve and expand future training. It is well to remember 

that anonymity generally results in more frank opinions from respondents. 

Summary Reports 

The Council of State Science Supervisors should be kept informed on the 

progress of the training program and on any special problems that arise. A 

quarterly report is recommended for the school year 1977-1978. Afterwards, an 

annual report at the end of the school year should suffice. 

Information to be included in the summary reports is listed on the next 

page. Also listed are possible items to be evaluated by means of formal or 

informal critiques. 

A sample certificate for satisfactory completion of the course is shown 

in Exhibit D-l. Certificates will be issued by CS
3 

and NIOSH after summary 

reports are received from training supervisors. 
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Recommended Topics for Summarv Reports 

Numbers and Dates of Enrollments (by Location) 

Numbers and Dates of Completions (by Location) 

Overall Evaluation of Instructional Materials and Methods 

Most Frequent or Important Comments of Participants (including errata) 

Future Needs 

Suggested Topics for Further Evaluation 

Achievement of Participant Objectives 

Achievement of Stated Objectives 

Administrative Arrangements 

Audio-Visual Aids 

Best-liked or Most Valuable Features (Strengths) 

Format and Style 

Instructors and Resource People 

Least-liked or Least Valuable Features (Weaknesses) 

Lecture Lessons 

Length 

Less Coverage or Emphasis (Topics) 

Manuals and Handouts (including Lesson Plans) 

More Coverage or Emphasis (Topics) 

Objectives 

Quizzes and Tests (if used) 

References and Resources 

Safety Equipment Selection 

Supplementary Material (if used) 

Topical Organization 

Workshop Lessons 
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EXHIBIT D-l. SAMPLE TRAINING CERTIFICATE 

(50% Reduction) 

{8ouncil 01 8.fafe 8.cience 8.upervisors 
and 

c7tafional Jnsfifufe lor ®ccupafional 
8.al efe c; JeealfR 

Thi~ i~ In ""I'lih Ihal 

I" l'al'li"il'alinll ill II ... '""""" 

~afd' III Ihc' ~dwol ~C'iC'IH'C' Lahol'lilon 

-r..JJ-1 ~,Y:: ;;j]J 
\In''l1 

Pro:,!ra III t ""rdiuallir 
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APPENDIX E - WALK-THRU SURVEY 

The following is a Laboratory Safety Check List which may be used by 
teachers to: 

a. determine whether or not a safe environment exists 

b. indicate possible areas of concern and danger 

c. serve as a guide for the design of safe facilities 

d. act as a monitoring device for periodic safety checks 

e. act as a permanent record of an ongoing safety program. 
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WALK-THRU SURVEY OF THE SCHOOL SCIENCE LABORATORY 

Complete the following pages for your school. If desired, send copies to your 
principal, superintendent, and state science supervisor. Be sure to keep one 
copy on file for yourself. Repeat at least annually. 

NAHE ____________________________________ ~DATE __________________ ___ 

TITLE 

SCHOOL 

DEPARTMENT 

LOCATION: CITY ______________________________ ~STATE. __________________ _ 

1. Number of Science Teachers in the Department 

2. Number of Science Teachers with Safety Training 

3. Number of Science Laboratories 

4. a. Recommended Student Capacity 

b. Actual Student Capacity 

5. Number of Science Classrooms 

6. Number of Combined Science Classroom/Laboratories 

7. a. Number of Exits per Laboratory 

b. Locate Exits by Layout Diagram (Attach) 

c. Are Exits properly marked? Yes __ __ No --------

d. Are Storage Rooms properly marked? No -----Yes 

8. Number of Fire Extinguishers 

~ Location 

a. CO 2 

b. Soda Acid 

c. BC 

d. ABC 

e. Water 
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Walk-Thru Survey (page 2 of 5) 

9. Number of backup units in storage 

10. Last Inspection Date for Fire Extinguishers 

11. Number of Sand Buckets w/Sand 

12. Number of Approved Fire Blankets 

13. Number of First Aid or Emergency Charts 

14. Number of First Aid Kits w/Supplies 

15. Number of Safety Showers _____ Are they operable? 

a. Industrial Type 

b. Hand or Portable Type 

16. Number of eyewash stations 

a. Installed w/plumbing and aerifier 

b. Squeeze-bottle type 

c. Other 

17. Are they checked regularly to determine oper­
ability? 

18. Eye, Face and Body Protection 

a. Number of approved safety glasses w/full 
side shields 

b. Number of approved safety chemical goggles 

c. Number of approved plastic face shields 

d. Number of demonstration safety shields 

19. a. Does each student have his/her own personal 
eye protection device? 

b. If answer is No, is there a maintenance 
and cleaning program? 

20. Number of rubber gloves 

21. Number of rubber/plastic/cloth aprons 

22. Number of asbestos gloves (pairs) 
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Name -------------------

Yes No ------

Yes No 

Yes No ----- -----



\.;'alk-Thru Survey (page 3 of 5) Name -------------------

23. Number of lab coats 

24. Number of electric outlets (110-120 volt w/ground) 

25. Number of electric outlets (110-120 volt without 
ground) 

26. Is provision made for proper grounding of all 
electrical devices? Yes No ---
If no, please describe ____________________________________ __ 

27. a. Number of compressed gas cylinders 

b. Are they properly secured to prevent 
tipping? 

28. Number of sinks 

29. Number of waste receptacles for glass 

30. Number of waste receptacles for dry chemicals/ 
reagents 

31. Number of waste receptacles for liquid chemicals/ 
reagents 

32. Number of containers designed to transport 
dangerous reagents or chemicals. 

33. Are all waste receptacles properly marked? 

34. Are all waste receptacles easily located? 

35. Number of securable storage spaces for chemicals 
w/forced ventilation 

36. Number of securable storage spaces for chemicals 
without forced ventilation 

37. Number of electric refrigerators 
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Halk-Thru Survey (page 4 of 5) 

38. Briefly describe what type of materials are stored 
in these units, such as reagents, food, etc. 

39. a. Number of fume hoods 

b. Rated exhaust velocity - cfm if knowll 

40. a. Number of exhaust fans 

b. Rated exhaust velocity 

4l. Is fume hood rated explosion proof? 

42. Number of drinking fountains in science rooms 

43. Number of drinking fountains in science labs 

44. Is there a master cutoff for water? 

45. Is there a master cutoff for gas? 

46. Is there a master cutoff for electricity? 

47. Are they accessible? Do you know where 
they are? 

48. Are the floors non-skid? 

49. Is there sharp-edged furniture in the lab? 

50. Number of special cabinets to store hazardous 
or flammable chemicals 

51. a. Number of gas burners 

b. Number of alcohol burners 

c. Number of candles if used 

52. Do you use animals in the lab? If so, are 
there proper facilities to handle them? 

53. Are you aware of the biohazards involved in aniQal 
handling? 

54. a. Are experiments conducted using biologic fluids? 

b. What is the source? 
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Walk-Thru Survey (page 5 of 5) 

55. a. Does blood-letting experimentation take place? 

b. If so, are disposable lancets and alcohol 
swabs used? 

56. Do you permet handling of pathogens by students? 

Name -----------------

If yes, explain~ ____________________________________________________________ _ 

57. Do you have pipette bulbs for proper pipetting 
procedures? 

58. Is food preparation/consumption/storage permitted 
in laboratory? 

59. Do you have proper facilities to accommodate the 
handicapped student? 

Explain Below ________________________________________________________________ _ 

60. Do you have field manuals or explanatory sessions 
describing possible dangers involved with field trips? 

61. Do you feel properly trained to conduct safe and 
healthful science laboratory experimentation in 
your school? 

If no, contact your state science supervisor 
concerning available training. 

OTHER COMMENTS 
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APPENDIX F - TRAINEE EVALUATION 

Reserved for supplemental instruments, test items, and the like to be 

added later by CS 3 , NIOSH, and training personnel. 

F-l U S. GOVERNMENT PRINTING OFFICE: 1977 - 759 - 32.0 
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