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ABSTRACT

The primary objective of this instructional module is the development of an awareness in the faculty and students
of the many facets of occupational safety and health (OS&H) as applied to laboratory work and pilot-plant opera-
tions. The students should become convinced, through exposure to OS&H principles in this course, that safety and
health must be part of everything they do in the laboratory environment. The secondary objective of this instruc-
tional module is to ensure a safe laboratory environment for the conduct of routine chemical analyses and operation
of bench- or pilot-scale unit operations equipment.

Unit I provides the background for the module in terms of industry needs for safety and health awareness on the
part of all new engineering graduates. Unit II, an introduction to the module, describes the responsibility of the

Unit Operations Laboratory Director to incorporate safety and health training throughout the course(s). Unit INI presents _

the departmental safety and health program and its various functions: training, inspections, and development of sup-
plemental safety and health regulations for the Unit Operations Laboratory.

Unit IV presents and explains general safety rules. The special safety precautions (preparation for workplace emergen-
cies, use of personal protective equipment, and emergency shutdown procedures) required for the Unit Operations
Laboratory are covered in Unit V. The sources and utilization of codified regulations and voluntary health and safety
standards are discussed in Unit VI. Development of student awareness, rather than acquisition of detailed specific
knowledge is the objective of this Unit. Special emphasis is given in this Unit to the Hazard Communication Stan-
dard and to the content and use of material safety data sheets. This Unit also serves to link safety and health instruc-
tion in Unit Operations Laboratory courses to the corresponding portions of Process/Plant Design courses.

Unit VII discusses the safety and health principles required for Unit Operations Laboratory courses in general. This
Unit provides special emphasis on electrical safety, fire safety, handling and use of flammable and explosive liquids,
machine safeguarding, and laboratory ventilation.

Unit VIIT is a general introduction to industrial hygiene. Although the applications discussed will be directed toward
Unit Operations Laboratory procedures and experiments, the knowledge gained by the students should be directly
applicable to any industrial position after graduation. Again, this part of the module should form a link to the stu-
dent’s design course(s).

Unit IX is directed towards the students’ responsibilities during the planning and execution phases of Unit Opera-
tions Laboratory experimentation. It is assumed that the supervising faculty will assign an experimental objective
and will then teach the students how to plan and evaluate a proposed experiment using 2 hazard review approach.
Although repeated checks with the instructor or teaching assistant are built into the planning/review and conduct
phases of the experiment, it is not envisioned that this section will be used as a checklist for proper procedure under
all circumstances.

Unit X is devoted to the methods by which chemical and physical hazards may be prevented or minimized in the
Unit Operations Laboratory. Students will become familiar with hazard identification and the most common control
options, The assumption has been made that the Laboratory is operated as a small, highly diverse, pilot plant. The
recommendations presented in this section should have immediate impact not only on the students’ design courses,
but also on their behavior at their first job after graduation. :
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BACKGROUND

PURPOSE: i To present an overview of the industrial concept of occupational safety and health and
it of the need for new graduates with bachelor of science in chemical engineering
Hiir (B.S.Ch.E.) degrees to be able to function within such a system.

OBJECTIVE 1 To familiarize the laboratory director/instructor of required Unit Operations Laboratory
) course(s) with:

sl 1. The industrial approach to safety and health

i 2. The level of training in and awareness of safety and health topics that the B.S.Ch.E.
Tl graduate should have

i 3. The specific safety and health topics the B.S.Ch.E. graduate should be aware of
i 4. The need for improving the communications skills of these students




INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

INTRODUCTION

Necessity for including
safety and health topics
in engineering curricula

INDUSTRIAL APPROACH
TO SAFETY AND HEALTH

Commitment to safety is
the industrial norm

Safety is an integral part
of design

Safety is an essential
performance measure-
ment criterion

Safety and health ap-
plies to all employees

Extent of work-related
injuries and illness in
1988

Including occupational safety and health topics as required components in all undergraduate
engineering curricula results from the emphasis placed on this topic by various profes-
sional engineering societies including the American Academy of Environmental Engineers.
These organizations have, in turn, been persuaded that safety and health is an essential
design element by the efforts of the National Institute for Occupational Safety and Health
(NTOSH), the National Safety Council (NSC), and various trade unions. The Academy’s
definition of environmental engineering includes both safety and health and environmental
protection and is stated as ** .. . the application of engineering principles to the manage-
ment of the environment for the protection of human health, for the protection
of ... ecosystems, and for the environment-related enbancement of the quality of human
life.””!

Several years ago, while teaching a process design course, one of my colleagues com-
mented that, ““A degree in chemical engineering is almost a license to kill.”” At that
time, his perception of academia was uncomfortably near the truth, as safety and health
topics received little attention in chemical engineering curricula except in process/plant
design courses. Fortunately, his pessimistic view was not shared by industry for, at the
same time, industrial leaders were setting good examples of safe performance for a healthy
workforce.

E.G. Jefferson, when he was chairman and chief executive officer (CEQO) of E.I. duPont
de Nemours & Co., expressed his company’s philosophy as follows: ‘‘An operation that
has demonstrated good, sustained safety performance usually [has] the added benefits
of good housekeeping, good product quality, and high morale.’*? He continued, point-
ing out that *“ ... the analysis and training that are essential to good safety bring also
the benefits of superior operational control.”” He summed up the duPont commitment
to safety in this way, ““ ... no process is designed, no product manufactured, and no
job performed without safety engineered into it. Safety is considered at the inception
of everything we set out to do, And it is one of the chief factors in determining whether
or not we continue doing it.”’

In duPont’s approach to safety and health, the implication is clear: safety is an integral
part of design. A system approach is required to ensure that all designs include safety
and health as integral components. It should be obvious that proper attention to safety
and health is fundamental to the continued existence of any business. DuPont’s experience
in international operations has shown that the commitment to safety and health is a valuable
corporate asset and one that is fully transferable across cultural boundaries.

The commitment of the Dow Chemical Company and its overseas subsidiaries fully
parallels the duPont philosophy and experience. P.F. Oreffice, president and CEO,3
stated Dow’s basic policy: ‘‘Employees . .. must perform in such a manner as to pre-
vent accidents which can cause personal injury [or] illness . . . and Dow facilities must
be designed and operated to prevent property loss and interruption to our business. Safe-
ty performance and attitude shall be considered major and an essential employee perform-
ance measurement criteria. Every supervisor has the responsibility to provide a safe work
environment with proper equipment and adequate training,’’

These statements by the CEOs of major chemical firms apply to all engineers and other
employees, not just to chemists and chemical engineers. Occupational safety and health
needs and the specific problem of worker protection must be addressed by all professions.

Many companies have now become fully committed to safety and industrial hygiene as
integral parts of their operating philosophy. Some have made the decision to participate
in the Occupational Safety and Health Administration’s (OSHA) Voluntary Protection
Program. One company reduced work-related injuries and illness 11% and workers’ com-
pensation costs 48%.4 If every company, regardless of size, would do likewise, they
would significantly decrease the 3270 job-related fatalities and 6.44 million injuries and
illnesses that were reported in 1988.5
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Unit I—Background

Genesis of Project
SHAPE by NIOSH

Status of safety and
heaith training in ChE
departments in 1988

WHAT INDUSTRY
WANTS AND NEEDS

Industrial needs (1988)
for safety and health
awareness

Person-oriented and
system-oriented heaith
and safety awareness

As a typical professor, I have been exposed to industrial safety and occupational health
programs: during summer industrial employment, through the safety program in the Col-
lege of Engineering at Jowa State University, and while on a 2-yr assignment to Na-
tional Aeronautics and Space Administration (NASA). Even with this exposure, no aspects
of safety and health or of loss prevention trickled down into the classroom; engineering
education in general was simply not safety oriented. To change that situation, Project
SHAPE (Safety and Health Awareness through Preventive Engineering) was developed
by the National Institute for Occupational Safety and Health (NIOSH).

When undergraduate chemical engineering departments were surveyed in 1988 about
the extent of safety and health topics in their programs, 74% indicated that safety and
health had little or no part of the training in unit operations laboratories other than re-
quiring that hard hats and safety goggles be worn. Fortunately, engineering departments
can no longer take this attitude. The Accreditation Board for Engineering and Technology
has decided that a significant safety and health content should be included in the design
of all engineering curricula starting with accreditation visits beginning in September 1988,

To incorporate safety and heaith into the engineering curricula on our campus, over 70
engineering managers who hire new engineering graduates to work in the chemical, con-
struction, electronics, aircrafi; petroleum, and manufacturing industries were asked,
“Regardless of curriculum, what safety and health background do you want each new
engineering graduate to bring to his/her first job with your company?’” The respondents
wanted the new hirees to have an awareness of the personal responsibility of the engineer
to ensure safe designs and of the consequences of failing to do so. In addition, these
respondents uniformly wanted the new B.S. engineers to be aware of the different types
of codes with which they will deal, such as the National Electric Code and American
Society of Mechanical Engineers (ASME) pressure vessel codes. Note the emphasis:
the students should be aware of the codes, not fully conversant with their contents. In
addition, these experienced engineering managers wanted the new graduate to be
knowledgeable of the general provisions of consumer product-safety standards, the prin-
ciples of the Occupational Safety and Health Act (OSHACct), and the need to consider
a wide range of environmental laws.

In addition, some engineering managers wanted the new graduate to be familiar with
all EPA regulations. The extreme response could be paraphrased as follows, ‘“The new
hiree should be a Certified Safety Professional, a Registered Professional Engineer, a
Certified Industrial Hygienist, and, oh yes, only 22 years old.”

As a group, the respondents also said that it would be highly desirable if the new B.S.
engineer had not only an awareness, but also some familiarity with person-oriented safety
and health precautions common to that industry, such as: '

* awareness of employer requirements

e economic impact of occupational safety and health
e community interdependence

* psychology of influencing human behavior

¢ human factors

* general safe work practices

* necessity for isolation

and safety topics related to physical facilities and design, such as:

® common sense approach

e need for continual systems reevaluation
o design of fail-safe systems

* process interlock logic and design

# hazards identification and evaluation

e fire protection systems

» clectrical classification and codes

» pressure-vessel codes

I-3




INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

Communications skills
are essential

Students must learn o
analyze problems

Laboratory projects re-
quire continual evalua-
tion for safety

Desirable health topics:

regulatory structure,
heaith effects, monitor-
ing and control

® safety and health inspection techniques
¢ accident investigation methodology

Especially notable in the first list is the inclusion of community interdependence, Com-
munity Awareness and Emergency Response (CAER). The new graduate must realize
that the systems he/she designs or works with do not exist in a vacuum—there is a respon-
sibility to protect the surrounding community. It is thus reasonable to expect help from
that community in times of catastrophe. The destruction of a large portion of the Hoechst-
Celanese plant in Pampa, Texas, on November 14, 1987, probably caused by an uncon-
fined vapor-cloud explosion, destroyed all on-site emergency vehicles. Fire trucks and
ambulances were sent from nearby communities within minutes of the explosion. Im-
plementation of the CAER program at the Pampa facility was a deliberate management
decision and one that repaid the company’s investment in time and money many times over.

Some persons have the inate ability to influence human behavior. For others, it can be
a skill unconsciously learned by those new graduates who have been involved in ex-
tracurricular college activities. Others will have to develop that capability. But all new
graduates must learn the knack of listening discerningly to peers and especially to sub-
ordinates, technicians, operators, and assembly-line workers. The new graduate must
also be an efficient and effective communicator in the medium of written reports and
memoranda, operating procedures, etc. The ability to promote and improve safe condi-
tions is severely compromised if these communications skills are poorly developed.

Many respondents from industry expressed the feeling that, ‘“Universities are supposed
to be teaching these young people to think. Well, teach them to think rationally, to apply
common sense and safety and health principles in the design and conduct of all laboratory
procedures and experiments. Teach them that they must always question their own work
and that of others.”” Students must be taught to analyze all problems from many points
of view including theory, application, economics, and safety and health in order to win-
now out those relevant facts and criteria that will lead to a safe and productive experi-
ment. Because these approaches must be followed in industry, the students must begin
to learn these techniques in the laboratory.

Young engineers have almost invariably had scientific principles explained to them in
terms of a *‘sanitized”” universe where all processes operate at steady state and there
are no unplanned outages. Transient conditions, whether due to scheduled turnparound,
power outage, weather, fire, or even sabotage, are often the most dangerous of all. For
this reason, all experiments must be continually evaluated for safety and health, and all
Iaboratory practices and operating procedures must incorporate fail-safe principles. Junior
and senior chemical engineering students cannot hope to have all the necessary skills
to cope with these situations. They can, however, be taught to analyze all aspects of
their experiments. They must learn to examine every experiment critically and to will-
ingly and thankfully correct errors.

The engineering managers indicated that it would be desirable for all new engineering
graduates to have some knowledge of such health topics as:

¢ overview of regulatory structure

® potentiai adverse health effects from chemicals
® exposure monitoring techniques

* evaluation of long-term health effects

* exposure reduction techniques

* safe work practices

The need for an overview of the regulatory structure was the most frequently identified
topic. An overview is just that: an awareness that regulations exist, what they generally
control, and where zll the details can be found in an understandable form. The effects
on human health from chemical exposure are common to all industry; only the chemicals
and the populations potentially exposed change. Although exposure monitoring is nor-

14



Unit I--Background

mally done by the local industrial hygiene technician, plant nurse, consuliant, or insurance
company employee, the engineer should be aware of the need for these procedures in
the workplace. Only monitoring can indicate whether the original system design will
minimize long-term human-health effects and whether the equipment and all parts of
the process are still functioning as intended. The newly hired engineer should have a
general knowledge of the techniques for reducing worker exposure through engineering
controls (design changes), administrative controls including evaluation and modification
of work practices, and as a last resort, use of personal protective equipment.

REFERENCES
1. American Academy of Environmental Engineers: Bylaws, Article II, section 2.1, Annapolis, MD (1987).
2. Jefferson, E.G.: Safety is Good Business, Chem & Eng. News, 64(20):3 (1986).
3. Dow Chemical Company: Minimum Requirements for Safety, Loss Prevention, and Security, Midiand,
MI (1984). .
4. Pendergrass, J.A.: Safety: An Investment that Pays, Labor Law J., 37(11):747-751 (1986).

5. U.S. Department of Labor: Occupational Injuries and Ilnesses in the United States by Industry, 1988,
Bulletin 2366, Bureau of Labor Statistics, Washington, DC (1990).
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PURPOSE:

OBJECTIVE:

SPECIAL TERMS:

it

Unit 1l
INTRODUCTION TO THE MODULE

To introduce the module and to describe its purpose.

To define the responsibilities of the laboratory director, teaching assistants, and other
laboratory personnel and associated faculty when teaching and implementing safety and
health educational and protective programs in the Un/* “perations Laboratory including:

1.

1.
2.
-3.
4,
5.

Responsibility for safety and health education

2. Common safety problems
3.
4. Purposes and functions of the Unit Operations Laboratory

Safe work practices and chemical handling procedures for experiments

Hazard recognition

Code of Federal Regulations (CFR)
Portals of entry

Exposure limits

Material safety data sheet (MSDS)




INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

AIM OF THE MODULE

SCOPE OF UNIVERSITY
COMMITMENT TO
SAFETY AND HEALTH

RESPONSIBILITY FOR
SAFETY AND HEALTH
EDUCATION

Faculty and staff: four
responsibilities

Teaching and research
assistants: three
responsibilities

Student responsibilities

COMMON SAFETY
PROBLEMS

Student awareness of
chemical toxicity

The aim of this module is to present a two-fold concept: teaching safety and health in
the undergraduate curriculum and practicing safety and health in the laboratory. Practic-
ing and teaching safety and health in the college/university chemical engineering depart-
ment’s Unit Operations Laboratory wilt instill in students the habits and practices that
will eventually lead to safety and health in the workplace.

Laboratory safety requires a total commitment by the central administration of the in-
stitution. This administration commitment must be evident in two ways: by financing
and by encouraging and promoting the development of safety and health programs.

Specific safety and health education for all engineering is carried out at three levels:
professors and staff, teaching and research assistants, and students, This training should
be coordinated with the college or university safety and health staffs. The faculty and
departmental technicians have the primary responsibility

1. to identify and evaluate actual and potential hazards,
2. to estimate the relative severity of each hazard and the probability of its occurrence,

3. to upgrade the teaching and research facilities so the frequency and severity of ac-
cidents will be reduced, with the ultimate goal being accident prevention, and

4. to train all the students they supervise in the principles of hazard recognition and
prevention.

The faculty and staff must also estimate the relative severity of each hazard and the prob-
ability of occurrence. In all laboratory activities, it is essential that *‘hazard communica-
tion’” be interpreted not only as the “‘right to know’’ about any potential hazards and
their consequences that may be encountered in laboratory or field work, but also as the
right of students to report noncompliance with the established safety and health policies
without fear that the student’s grade might be compromised.

Teaching and research assistants have the responsibility to assist with all safety and health
training, as requested. It is also their responsibility to continually evaluate the condi-
tions within the laboratory, the behavior of the students, and their approach to each ex-
periment. Above all, teaching assistants should listen to the comments of the students
in their charge, for students will talk with and comment to the teaching assistants more
freely than to the supervising professors. In this way, the assistants will be able to monitor
the experiments for needed improvements in theory, demonstration, and safety. The
teaching assistants also have the responsibility of enforcing the departmental safety regula-
tions in the laboratories they supervise, They must be given adequate, though closely
monitered, authority to do so.

The students in the laboratories are responsible for their own personal safety and for
that of others by observing all safety and health rules. If the departmental safety system
works properly, students will not hesitate to report unsafe acts or conditions, as they
know that failure to insist on safety may place their own well-being in jeopardy.

Among the most common laboratory safety problems are housekeeping; storage of solvents
(in excessive quantities [see 29 CFR* 1910, 106], in improper containers, in unapproved
storage facilities, or too close to oxiders); electrical hazards (underpowered electrical
circuits, disintegrating electrical connections, and ungrounded apparatus); inadequate
ventilation (inoperative fume hoods or those without face guards or inadequate face air
velocity); and insufficient machine guards. Perhaps the two most common deficiencies
in iaboratories are the lack of safety equipment and insufficient emergency preparation
on the part of the instructor.

Students should be informed of the toxicity and fire and explosion hazards of the various
chemicals used in each experiment to implement safety and health awareness in introduc-
tory and organic chemistry laboratories. The toxicologic effects can be described in terms

*Code of Federal Regulations.
II-2
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Unit II—Introduction to the Module

Need for safe laboratory
work practices, handling
of spills

UNIT OPERATIONS
LABORATORY
Purposes:

1. Reinforce theory

2. Model validation

3. Learn to work safely
and cooperatively in
groups

Essential elements of
hazard reduction and
safe operation

Motivation for instruc-
tion in safety and loss
prevention

of portals of entry, organs affected, and standard exposure limits. Students should have
access to and be required to read the material safety data sheet (MSDS) for every chemical
they use. In addition, the students should be made aware of common references describ-
ing safe laboratory procedures.'~ The assistance of local university safety officers and
the college of engineering safety and health committee should be sought by each laboratory
director/instructor in developing specific safety procedures for each laboratory course
and in designating primary and alternate evacuation routes.

Safe work practices and chemical handling procedures including the need for any per-
sonal protective equipment {PPE) should be included in the description of each experi-
ment. The disposal of chemicals should also be covered in terms of the need for neutraliza-
tion of acids or bases, the separation of possibly reactive species, and the types of disposal
containers for different materials.

The Unit Operations Laboratory courses in chemical engineering have many purposes.
The first purpose is to reinforce theoretical coursework through the medium of experimen-
tation with pilot-size or laboratory-size apparatus. To achieve this purpose, the students
must learn to define problems; to plan and design experiments that will generate laboratory
data on various aspects (finid mechanics, heat and mass transfer operations, ther-
modynamics, kinetics, etc.) of chemical engineering theory; to collect, analyze, and in-
terpret the data; and to report the results in professional form through written and oral
reports. Pilot plant and laboratory experiments of all types, regardless of scale, can be
hazardous if the requisite emphasis, care, and attention are not devoted to safety. It is
of paramount importance that the students learn to work safely in the laboratory, whether
as individuals or as part of a team.

. The second purpose of Unit Operations Laboratory courses is to provide students with

examples of the agreement or lack thereof between mathematical models of chemical
engineering operations and the results of the operations themselves. The students must
also learn to use basic statistical techniques to facilitate data interpretation.

Unit Operations Laboratory experiments are usually carried out by groups of two to four
students. The third purpose of these courses is, therefore, to teach groups of students
to work together safely and cooperatively. To accomplish this goal, students must learn
to define and assign responsibility for various tasks associated with the group effort.
The safety principles learned in the laboratory are applicable throughout the chemical
and processing industries, in manufacturing environments, for the development of new
materials, etc. The motivation for the students to Jearn these principles and techniques
is survival: in industry, an error in safety can have catastrophic consequences, €.g., Texas
City, Seveso, Flixborough, Bhopal, ete.4”

Students must become indoctrinated with an understanding of the essential elements of
hazard reduction and safe operations: accident anticipation, prevention, and control. The
first of these elements involves developing safe procedures for equipment operation, know-
ing when personal protective equipment is required, and developing laboratory housekeep-
ing procedures to meet industrial standards. The second element involves knowing
emergency procedures including first aid, cardiopulmonary resuscitation (CPR), and the
use of safety equipment. Medical treatment and damage control are the principal parts
of the third element, but these are not responsibilities of the students.

Engineering faculty in general and chemical engineering faculty in particular must motivate
their students to be concerned with the safety and health aspects of their professions.
Safety and loss prevention are based on application of many of the same principles found
in thermodynamics, fluid mechanics, heat transfer, etc. The faculty have the respon-
sibility to aid the student in developing the ““industrial attitude’’: worker and user safe-
ty, first; environmental protection, second; process control, even in unusual circumstances,
third; and profit, last. The students must be taught to plan their experiments as if disaster
is going to happen and to conduct the experiments safely for the benefit of all concerned.

-3
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USE OF MODULE

The students must be knowledgeable about the potential safety and health hazards
associated with their equipment and the chemicals they will use before starting
experimentation,

This module outlines the safety and health principles that should be included in Unit
Operations Laboratory courses. The module is arranged in discrete sections so that faculty
members may select those portions of the instruction they wish to add to their courses.
Questions that may be used for quizzes on safety and health topics are included at the
end of each subsequent unit.

Because some topics in this Module must necessarily be approached from several points
of view, they will appear in different Units throughout the Module. The Index, the last
Unit, should be relied on to seek additional and “‘see also’’ information,

REFERENCES

L. American Chemical Society: Safety in Academic Chemistry Laboratories, Am. Chem. Soc., Washington,
DC (1985). .

2. National Research Council: Prudent Practices for Handling Hazardous Chemicals in Laboratories, Na-
tional Academy Press, Washington, DC (1981).

3. Scornavacca, F., and A. Mossman: Safe Handling of Compressed Gases in Laboratory and Plant, American
Laboratory, 10(9):65-75 (1978).

4. Kharbanda, Q.P., and E.A. Stallworthy: Safety in the Chemical Process Industry (Lessons from Major
Disasters), GP Publishing, Inc., Columbia, MD (1988).

5. Kletz, T.: Learning from Accidents in Industry, Butterworth and Co., Ltd., London (1988).
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Unit 1l

SAFETY PROCEDURES AND PROGRAMS FOR THE UNIVERSITY/COLLEGE

PURPOSE:

OBJECTIVE:

SPECIAL TERMS:

AND ITS UNIT OPERATIONS LABORATORIES

To describe the objectives of the university/college safety programs and the functions
of the departmental safety committee.

To review the responsibilities and functions of appropriate campus or departmental safety
programs that can provide assistance with safety instruction and training in the Unit Opera-
tions Laboratory:

. Safety officer

. Industrial hygiene staff

. Fire marshal

. Radiation safety officer

. Departmental safety program

. Functions of departmental safety committee

. Audits and inspections

. Responsibilities of faculty and staff for safety training

oo ~1 N W

. Hazardous waste chemicals

. Respiratory protection

. Hearing conservation

. Hazard communication

Biological monitoring

. Ionizing and nonionizing radiation
. Audits and inspections

. Material safety data sheet (MSDS)
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INCORPORATION OF OS8&H INTO UNIT OPERATIONS LABORATORY COURSES

INTRODUCTION
Objective of safety and
health program

COLLEGE/UNIVERSITY
SAFETY PROGRAM
Basis for campus safety
and health program

Gomponents of typical
campus safety and
health program

Safety and health staff

Fire marshal

The objective of any college or university health and safety program must be to provide
a safe and healthful atmosphere for all members of the college/university community.
All administrators, faculty and staff, and students must take an active part in minimizing
risks and in initiating (and completing, as appropriate) preventive measures to control
any hazards associated with the activities under their direction or control. Safety must
be an integral part of all aspects of each program at the college/university.

The administration must ensure that the college/university complies with the intent of
all applicable federal and state legislation and subsequent amendments including the
following:

® Clean Air Act of 1963 and the Amendments of 1970;

* The Occupational Safety and Health Act of 1970 and any corresponding state statutes
(e.g., the Texas Occupational Health Act of 1967 and the Texas Hazard Communica-
tion Act of 1985);

® The Water Pollution Control Act of 1970;

* The Energy Reorganization Act of 1974 and corresponding state statutes (e.g., Texas
Radiation Control Act of 1961);

® The Resource Conservation and Recovery Act of 1976;
¢ The Toxic Substances Control Act of 1976;

¢ The workers compensation act for their state;

* National Fire Protection Association (NFPA) codes; and

* Al future federal and state laws, acts, and regulations that relate to the college/univer-
sity safety program.

The laws and regulations and such rules and procedures developed and promulgated by
the campus safety committees or governmental agencies logically form the basis for the
minimum requirements of a college/university safety program.

The responsibilities of the campus safety and health program are logically divided into
four segments: safety office, health office, fire marshal, and radiation safety office. The
safety office staff is usually responsible for developing and maintaining the accident report
system for the campus; pursuing accident investigations; and conducting general, special
(chemical, types of heating, electrical, compressed gases, ventilation), and critical (ex-
plosive anesthetics, grounding, etc.) surveys. This group is responsible for ensuring that
the university is in compliance with the Occupational Safety and Health Act and other
laws specified by the college/university administration and for providing the necessary
consultative services to the facuity. The safety office staff is also responsible for the
collection and disposal of hazardous waste chemicals.

The industrial hygiene/health staff is usually responsible for monitoring and specifying
the control measures for the hazards associated with exposure to noise, temperature ex-
tremes, and chemicals. This duty inciudes: assisting the several departments to develop
and maintain written programs concerning such topics as respiratory protection, hearing
conservation, hazard communication; monitoring the levels of noise and air contaminants;
supervising biological monitoring; designing and inspecting control measures (e.g., ven-
tilation systems, emergency-use respirators, etc.); and training for noise and chemical
hazards. The health staff works with the safety staff to enforce applicable laws and regula-
tions. They may also be involved in sanitarian functions, i.e., maintenance, quality con-
trol, and training staff for food service, waste disposal, housekeeping, vector control,
and animal rooms.

The fire marshal is responsible for developing and implementing programs for compliance
with established fire prevention and protective standards. This staff is usually responsi-
ble for checking and servicing all portable fire extinguishers and other fire-fighting equip-
ment as required by NFPA recommended standards and for inspecting and testing all
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Fire safety training
assistance

Radiation/laser safely
committee

Radiation/laser safety
officer

DEPARTMENTAL SAFETY
AND HEALTH PROGRAM

Aspects of departmental
safety programs

fire alarm and sprinkler systems in accordance with established procedures. The staff
investigates and maintains records of all fire and other emergency OCCurrences. The staff
also evaluates and documents the effectiveness of the campus fire prevention program.

On request, the fire marshal and his/her staff also instruct university personnel and pro-
vide classes in fire prevention procedures; building evacuation; fire reporting; and use
of fire-protection equipment such as fire extinghishers, fire-alarm systems, and fire hoses.
The staff assists in interpreting NFPA, state, and local code requirements and assists
in selecting all fire-protection equipment and systems.

The radiation/laser safety committee is organized according to requirements of the Nuclear
Regulatory Commission (NRC) or the responsible state agency. The committee is respon-
sible for establishing and reviewing policies and regulations governing the use of ioniz-
ing and nonionizing radiation. The committee provides administrative advice to the radia-
tion/laser safety officer; receives, reviews, and acts on all applications for use of radioac-
tive sources and lasers; receives and reviews reports of radiation monitoring, contamina-
tion, and personnel exposure; reviews all reposts of radiation and laser safety incidents;
and carries out other related duties as assigned by law or campus policy.

The radiation/laser safety officer provides surveillance of general health physics activities;
serves as a consultant to the college/university, its faculty, staff, and students on all aspects
of radiation and laser safety and production; inventories and tracks all radiation sources
and lasers on campus; supervises/performs all sealed source leak tests; supervises all
decontamination procedures; coordinates the radioactive waste disposal program; super-
vises, distributes, and processes personal monitoring devices; and keeps track of per-
sonnel exposure.

The ovetall responsibility for safety and health (including housekeeping) rests with the
department chairperson. Each member of a department, whether facuity, staff, or stu-
dent, is responsible for knowing and observing the departmental safety regulations.
(Typical regulations are presented in UnitIV.) Faculty members are responsible for safety
and housekeeping in their research areas and teaching laboratories. Where two faculty
members share a facility, the chairperson designates areas of responsibility. Each facul-
ty member is responsible for developing, posting, and enforcing any special safety precau-
tions or regulations particular to his/her area arising from the nature of the research or
laboratory course. The faculty member and teaching/research assistant is responsible
for explaining and enforcing the departmental safety regulations in his/her
classes/laboratories and reporting all infractions to the chairperson or appropriate facul-
ty member. Each student in a laboratory class is responsible for knowing and following
all departmental safety regulations applicable to that class as they are explained to him/her.
All affected persons have the added responsibility of being alert at all times for unsafe
situations that could affect them, their co-workers, fellow students, or visitors.

The safety program in any department has many aspects, including:

e recognizing actual and potential hazards in research and teaching laboratories and
in the general academic environment;

e evaluating the magnitude of such hazards;

 controlling the bazards by elimination, modification of procedures, isolation of per-
sonnel, institution of effective engineering controls, or utilization of appropriate per-
sonal protective equipment;

e planning for accident/injury prevention;

" e educating the faculty, staff, and students regarding proper safety techniques in the
environment peculiar to the department; and

e establishing emergency action plans appropriate 1o any hazards present.
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FUNCTIONS OF
DEPARTMENTAL
SAFETY COMMITTEE

Audits, resources,
documentation

Membership of depan-
mental satety committee

Right of access;
reporting

AUDITS AND
INSPECTIONS
Safety and health
audit defined

Criteria for safety and
health audit

No departmental safety program can be effective without the support of and close coopera-
tion with its counterparts at the college/university. Such interdependence is not secured
without effective communication and deliberate effort on the part of the engineering
faculty.

The first of the departmental safety committee’s many functions is developing and im-
plementing all necessary procedures for maintaining a safe and healthful academic en-
vironment, whether related to undergraduate laboratory courses or graduate research
laboratories. As part of this responsibility, the committee should prepare safety and health
rules consistent with university policy and the degree of hazards potentially encountered.
A departmental or even an individual laboratory safety manual should then be developed
to outline safe work practices consistent with the rules. Other responsibilities are to con-
duct inspections/audits of all teaching, service, and research laboratory facilities, shops,
storage areas, general facilities, computer rooms, offices, etc., and to assist the faculty
to plan and conduct safety training.

Other duties of the departmental safety committee involve arranging for an outside audit
at least once a year and providing safety and health information in accordance with the
Hazard Communication Standard (29 CFR 1910.1200) and its various state counterparts.
An additional function of the departmental safety committee is to document all safety
and health training and to maintain all required records.

To be effective, the committee must have diverse membership, most of whom should
rotate. Committee membership could be composed of two. faculty members (one designated
as chairperson by the department chairperson), four graduate students, four to six
undergraduates, and a departmental technician. Faculty members should serve on the
committee in 2-year, overlapping intervals to ensure continuity of activities and uniform-
ity of procedures. Student appointments should generally be limited to 1-vear terms, The
departmental technician will, almost of necessity, be a permanent member. This approach
not only prevents an appointment from becoming onerous, but also exposes more of the
faculty and students in the department to the functions of the safety committee.

The committee must have right of access to any and all departmental areas and facilities
at any time and specifically for annual, semi-annual, or quarterly inspections/audits. Such
access should be coordinated with the faculty or staff member responsible for each facility
or area. After each inspection/audit, the committee must discuss its findings with the
responsible faculty or staff member and file a report with the department chairperson.
It is the committee’s responsibility to maintain a file of all inspection/audit reports,
resulting correspondence, etc., in the departmental office.

A safety and health audit is the process whereby faculty, staff, and students evaluate
the presence or absence of elements of the departmental safety and health program with
regard to the requirements of applicable federal and state law and the campus-wide pro-
gram.! An audit is not a program evaluation because it does not focus on the success
of a departmental safety and health program; rather, the audit focuses on the existence

of the necessary features of the program. Obviously, audits are conducted only when

a program is supposedly in place and for the purpose of verifying the extent and com-
pleteness of the program.

The basic criteria for a safety and health audit are: a written description of the program;
adequate communication between the departmental and college/university safety com-
mitiees and with appropriate medical support staff within facilities; chemical, biological,
and radiation/laser control procedures; environmental surveillance; faculty, staff, and
student training; and preparations for emergencies.? The audit should be conducted by
a qualified group composed primarily of persons not directly associated with the depart-
ment. Audits of departmental safety and health programs should be performed every
3 to 5 years,
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Safety and health
inspection described

Frequency of safety and
- health inspections and
reports

TRAINING

Faculty and staff: iden-
tify and evaluate actual
and polential hazards

Additional faculty
responsibilities for safe
laboratory operation

An inspection or survey involves evaluating all elements of the departmental safety and
health program. The inspection logically begins with a physical evaluation of the laboratory
facilities. Typical topics include facilities layout and escape routes, location of alarms,
access to an emergency telephone, location and adequacy of safety equipment, provi-
sion for personal protective equipment, proper storage and segregation of chemicals by
type, verification that limitations on chemicals and especially flammable solvents in
laboratory storage are observed, transport and securing of compressed gas cylinders,
type and number of portable fire extinguishers, etc. The presence of MSDSs for all
chemicals used or produced in the laboratories should be verified. The degree of safety
and health training of the faculty and staff associated with the laboratory must be deter-
mined, as must the extent of their training programs for the students taking laboratory
COUrses.

A detailed inspection of all departmental areas and facilities should be made at least an-
nually by the departmental safety committee with a written report to the chairperson and
to the campus safety officer. The chairperson should bring those jtems requiring im-
mediate corrective action to the attention of the responsible faculty or staff member with
an allowed time for compliance. The chairperson should personally verify correction
of these action items. If the appropriate corrective action has not been effected by the
responsible party, the chairperson must implement all changes necessary to ensure a safe
working or learning environment. Appendix A contains a set of example forms appropriate
for developing a self-inspection program by the departmental safety committee. For max-
jmum effectiveness, the self-inspection should be revised to accommodate the specific
situations in each department. Quarterly safety reinspections should be made of all ac-
tion items identified on the annual or prior quarterly inspections and of all departmental
facilities added or modified since the previous inspection. The report of these inspec-

tions by the departmental safety committee should be forwarded to the chairperson for

initiation of corrective action with a copy to the university safety officer.

The purpose of training in occupational safety and health is twofold: to develop the con-
cept of safe bebavior, hazard awareness, and emergency response in all members of the
department, whether freshman, secretary, or professor, and to develop the concept of
safety as an integral part of team work on the part of the students, staff, and faculty.
To achieve these goals, each member of the department has specific responsibilities, many
of which are carried out with the assistance of the departmental safety committee.

Each faculty and staff member has the responsibility to identify and evaluate, with the
assistance of the university safety and health officers and/or fire marshal as needed, the
actual and potential hazards in his/her research and teaching areas. He/she is also respon-
sible for planning for accident prevention and for training his/her graduate students, the
supervised employees, and the students in the proper use of all equipment and chemicals .
they are expected to use. Each faculty and staff member must identify the proper protec-
tive measures required for personal safety and must demonstrate the use of the available
safety equipment to those employees or students using laboratory or research facilitics
or chemicals under his/her supervision.

In addition to explaining the safety regulations applicable to his/her teaching or research
areas, each faculty member should, with the assistance of the departmental safety com-
mittee, arrange for any necessary, additional, specialized (first aid, cardiopulmonary
resuscitation, fire suppression) training. The faculty member is responsible for obtain-
ing copies of the MSDS for every chemical in the laboratory, whether used by the students .
or not, and for maintaining those copies in each laboratory for ready access by the students.
The Hazard Communication Standard (29 CFR 1910.1200) stipulates that the seller of
any chemical or chemical mixture must provide a copy of the MSDS to the purchaser.
The campus purchasing department or safety officer should be able to obtain any needed
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Sources of current safety
and health reference
malerials

Summary of student

responsibilities

Documentation
requirements

MSDS. As the cost is minimal, the optimum approach is to include a copy of all the
necessary MSDSs in the assignment/descriptive package for each laboratory experiment.
In that way, each student will have a copy for personal use.

In addition to the laboratory MSDS file, the laboratory director should provide a current
list of safety and health references. A typical list is included as Appendix B. References
to safety and health articles from current professional journals and trade magazines should
be included for each laboratory experiment. This way, the students should recognize
that consideration of the safety and health aspects of each experiment is fundamental
to their success in the course and in their future professional activities.

Each teaching assistant and part-time instructor or research assistant is responsible for
assisting his/her supervisor with the safety and health training program and with con-
tinually enforcing adherence to the departmental safety regulations and special area safety
regulations as appropriate. Every student in the department must observe the depart-
mental safety regulations, serve on the safety committee when so assigned, and assume
the responsibility of bringing any unsafe acts to the attention of the supervising graduate
assistant or faculty or staff member or to the attention of the chairperson, as necessary.
In this way, students can assist in the training program while increasing their own safe-
ty, especially in laboratory and/or shop situations.

Documentation of all student/staff/faculty training should be maintained. A convenient
record of instruction on the use of a MSDS is shown as Exhibit IIT. 1. For the protection
of the faculty responsible for the Unit Operations Laboratory, a typical release form is
shown as Exhibit IIT.2. This form should not be used without modification for kinetics
experiments as no mention is made of any reaction products. In any event, before its
use, the college/university legal staff should approve that the release form conforms to
the requirements of the Hazard Communication Standard and to any corresponding ap-
plicable state standards.

REFERENCES
1. Haas, B.H.: Industrial Hygiene Audits. Am. Ind. Hyg. Assoc. J. 43:867-873 (1982).

2. Corn, M., and P.S.J. Lees: The Industrial Hygiene Audit: Purposes and Implementation. Am. Ind. Hyg.
Assoc. J. 44:135-141 (1983).
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: 1 How do students f t mto the departmental safety program"

- 2. Whatisa safety and bealth andit? =

3. What_ are the components of a safety and health aud;t‘7

4 What- actions ‘could f'_cur as a result of a safety and health aud1t‘?
_ 5 What is a safety and health mspectlon‘? :




Unit IIT—Safety Procedures and ‘Programs
Exhibit 111.1. MSDS Training Record

Department of Chemical Engineering

FROM:  Safety Officer

10: Departmental Safety Committee

SUBJECT MATERIAL SAFETY DATA SHEET TRAINING IN THE DEPARTMENT OF
. CHEMICAL ENGINEERING

The following undergraduate students have been instructed on how to use Material Safety Data Sheets, The MSDS
sheet on methanol was used.

Date Presented by Instructor Student Name Printed Student Signature
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Exhibit I11.2. Typical Release Form

Unit Operations Laboratory

Department of Chemical Engineering

I, certify by my signature below that I have been given

a copy of the Safety Regulations of the Department of Chemical Engineering, that I have
had them explained to me in class, that I understand them, and thaf I will abide by them. I
also certify as indicated by my signature bélow that I have received copies of the material
safety data sheets (MSDS) for all of the chemicals that I will use in the Unit Operations
Laboratory courses, that I have had their use explained to me in class, and that I am
familiar with their use. Further, by my initials beside the name or abbreviation of each ex-
periment below, I certify that I have had any specific safety hazards explained to me, that I
understand the preventive and pefsonal protective rheasures to be used in that experiment,
that I have been instructed to read the specific chemical hazards associated with the experi-
ment in the corresponding MSDS, and that iny questions about the safety/industrial hygiene

aspects of each experiment have been answered to my satisfaction.

Signature Date
- Absorption - Cooling Tower
_ Distillation - Fluid Flow
R Extraction _ Membrane Separator
—_ Evaporation : —_— Heat Exchanger

¢



PURPOSE:

OBJECTIVE:

Unit IV
GENERAL LABORATORY SAFETY RULES

To list general safety rules recommended for use in chemical engineering laboratories.
Note that the list may not encompass all such laboratories because of the differing nature
of the experiments conducted therein.

To define the need and authority for all laboratory safety rules and to provide a list of
such rules for Unit Operations Laboratories and any supporting laboratory areas. The
material in this unit covers:

1. The purpose and rationale for safety rules

2. Authority for safety rules and their enforcement

3. Student rights and responsibilities in the safety program
4. Recommended list of safety rules
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INTRODUCTION
Purposes

Support

Authority

Safety rules enhance
laboratery safety

Student rights

Recommended safety
rules

Safety rules and standards are developed and instituted for two purposes: primarily, to
protect the occupants of the laboratory and others nearby, and secondarily, to protect
laboratory equipment and facilities. The following rules may not suffice for ail chemical
engineering departments because of the differing nature of the facilities available and
of the experiments conducted.

For a safety program to have a sound foundation, the faculty and staff must provide
unwavering support. They must display their convictions that safety and health are im-
portant aspects of the student’s education by consistently adhering to the safety rules
of the department and the institution. These rules are meant to help the student realize
that he/she is responsible not only for his/her own safety, but for that of other members
in the group, and for that of neighboring groups, the teaching assistant, the professor,
and the casual visitor. Each of those persons has a reciprocal responsibility for the safe-
ty of every other person in the laboratory.

The authority for development, promulgation, and enforcement of all safety rules is vested
in departmental and campus safety committees. Authority for such actions nltimately
rests in federal and state law. Even if these requirements were not in place, the faculty
would have the responsibility under the Code of Ethics of the American Institute of
Chemical Engineers for providing a safe and healthy educational environment, It is
therefore  incumbent upon the faculty to expose the students in chemical engineering
laboratories to the basic principles of safety, health, and loss prevention. There is neither
the intent nor the time in the Unit Operations Laboratory to make Certified Industrial
Hygienists or Certified Safety Professionals of the students. It is even too much to ex-
pect that they become fully conversant with all the safety, health, and loss prevention
topics they will need on the job after graduation. Although students cannot be expected
to become fully familiar with even one such topic, all students can be exposed to many
such topics in the course of their experimental work and be made to realize that the prin-
ciples of safety, health, and loss prevention must become integral parts of every experi-
ment and every design. Units V, VII, and IX of this module specifically address the
inclusion of safety and health topics in Unit Operations Laboratory experiments.

The easiest way to help students begin to understand the hazards associated with laboratory
work, equipment, and chemicals is to provide them with a set of safety rules—rules de-
signed to enhance laboratory safety by identifying and proscribing unsafe actions. The
penalty for infractions should be severe, ranging from no credit for an experiment to
dismissal from the laboratory with a failing grade in the case of repeated infractions of
any type. Teaching associates, faculty directly involved in the laboratories, and the
laboratory director should all assess safety penalties whenever warranted.

The students’ acceptance of safety and health as part of every project will be enhanced
if an atmosphere is created wherein students feel free not only to correct each other but
to point out faculty and staff deficiencies directly to them. It must be absolutely clear
that each student has not only the right but also the responsibility to identify unsafe ac-
tions or procedures without jeopardizing his/her grade in the Unit Operations Laboratory
or any other course,

The following safety rules are recommended for Unit Operations Laboratories. Although
these rules are recommended for general use, this list should be modified by the laboratory
director for his/her own requirements.
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b B Wb
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10.
11.

12.
13.
14.
15:
16.

17.
18.

19.
20.
21.

22.
23.

24,

25.
26.
27.
28.
29.

30.
3L
32,

33.
34,

Exhibit IV.1. Recommended Unit Operations Laboratory Safely Rules

. ““Horseplay”’ is hazardous and will not be tolerated.

. Do not work alone in the laboratory at any time except to prepare flow diagrams and operating procedures for equipment.
. Use required personal protective equipment (PPE) whenever specified by the laboratory director.

. Do not wear contact lenses when vapors or fumes are present.

. Wear safety glasses with sideshields and plastic lenses (must meet ANSI Standard 787.1) at all times. Wear splash

goggles or face shields as prescribed by the laboratory director.

. Do not wear sandals, open-toed shoes, high-heeled shoes, shoes (or boots) with holes in the soles, or shoes with can-

vas uppers; do not wear shorts or skirts. Wear shirts or blouses.

. Secure long hair and loose items of jewelry or clothing when working with rotating machinery. ,
 Know the use and location of all first aid and emergency equipment in the laboratories, shops, and storage areas.
. Know the emergency telephone numbers to summon the fire fighters, police, or emergency medical service. These

numbers must be posted at every phone throughout the building.

Be familiar with all the elements of fire safety: alarm, evacuation and assembly, fire containment and suppression,
rescue, and facilities evaluation.

Do not use ungrounded wiring and two-wire extension cords. Do not use worn or frayed extension cords or those
with broken connections or exposed wiring. Check that electrical devices are grounded before they are turned on.
Be familiar with an approved emergency shutdown procedure before initiating any experiment.

Do not deviate from approved equipment operating procedures. :

Keep all laboratory aisles and exits clear and unblocked.

Do not sniff, breathe, or inhale any gas or vapor unless directed to do so by the laboratory director.

Label all containers as to content and composition with an appropriate hazard warning. Label the container with the
student’s name and the date the container was filled.

Read and obey the instructions on all warning signs.

Segregate all liquid and solid wastes for disposal according to the instructions of the laboratory director. Neutralize
all acidic and basic wastes before disposal. Place organic waste material in the designated waste disposal cans; do
not pour into any sink or floor drain.

Practice good housekeeping in the laboratories, shops, and storage areas.

Do not eat, drink, use tobacco products, chew gum, or apply makeup in the laboratories, shops, and storage areas.
Place only chemicals in the ‘‘Chemicals Only”™’ refrigerator; place only food items in a ““Food Only”’ refrigerator.
Do not use ice from the ice machine for human consumption or to cool any food or drink.

Report any glassware breakage or malfunctioning instruments or equipment to the teaching assistant.

Report all injuries, accidents, and ““near misses”’ to the laboratory director. Complete the accident report as soon
as possible.

Report spills of any chemicals to the teaching assistant. Follow his/her directions for containment and cleanup. Report
all mercury spills to the laboratory director. Follow the prescribed instructions for cleanup and decontamination of
all spill areas.

Wash hands before leaving the laboratories or shops—all students and supervising faculty and staff.

Do not toss tools, supplies, or any other items from one person to another.

Do not pipette or siphon any material, even water, by mouth.

Secure compressed gas cylinders at all times. Follow proper safety procedures when moving compressed gas cylinders.
Use only gauges that are marked ‘“Use no oil’”’ for oxygen cylinders. Do not use an oiled gauge for any oxidizing
or reactive gas or any gas that has not been “‘water pumped.”

Never play with compressed gas hoses or lines or point their discharges at any person.

Do not use open flames or heating elements when volatile chemicals are exposed to air.

Only expose toxic chemicals to the air under a hood. Only expose flammable chemicals to the air under a hood or
in an adequately ventilated area.

Limit personal items brought into the laboratory to those things necessary for the experiment.

Discourage casual visitors to the laboratory; obtain permission from the teaching assistant or laboratory director for
visitors to enter. All visitors and invited guests must adhere to all laboratory safety rules, with adherence being the
responsibility of the person visited.
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SAMPLE QUIZ QUEST IONS

. Why are safety rules developed‘? _ :

ik~Trace the delegatlon of authonty for the formulatxon .of safety rules.

. Why are IadJOS tape players “Walk—man® ’_’, etc. not aflowed in the 1aboratory"
What dre the options for eyewear’in the Unit Operations Laboratory? Why are
_contact lenses not penmtted when workmg with chemicals?

. What types of footwear are perrmtted in the Umt Operatzons Laboratory‘7 What
- types’ are spec1ﬁcally exciuded and why” e

‘ .'~'Why are wastes to be segregated before dlsposal‘? Why should all acidic and basxc
‘wastes be neutrahzed before dzsposal" RSP

. Why is plpettmg by month not allowed" How should exact small quantmes of
f\"hqulds be dlspensed" ', = ~

8. What' types of gauges may be used w1th compressed oxygen and air cylinders?
, Why does. this ‘also apply to cylmders contammg NOZ, chlonne SOZ, or:
o (anhydrous HCl‘? i . S _ '
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PURPOSE:

OBJECTIVE:

SPECIAL TERMS:

Unit V

SAFETY PROCEDURES FOR UNIT OPERATIONS LABORATORIES

To present the specialized safety procedures applicable to Unit Operations Laboratories

To review the safety and health provisions for Unit Operations Laboratories in terms of:

1.
2.
3.
4.
5.

B W o=

Preparation for workplace emergencies

Special procedures including evacuation, fire safety, and electrical safety
Formal permission to start experimentation

Description and use of personal protective equipment

Emergency shutdown procedures

. Warning properties

. Personal protective equipment
. Respirator

. Hazard and operability analysis
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PREPARATION FOR
WORKPLACGE
EMERGENCIES

Student awareness

Use of warning signs

Warning signs must be
oheyed

Escape routes

Students cannot be adequately prepared for workplace emergencies untess they have a
clear understanding of what emergencies might occur. This topic considers the materials,
equipment, and procedures to be used and any intrinsic hazards associated with those
materials or others that may be generated as a result of chemical reactions. Students must
also be aware of any physical hazards associated with the equipment they plan to use
and any special hazards such as biohazards and radiation hazards. Their preparations
must include adequate safety instruction and training, proper supervision, and both in-
forming and warning all the persons involved of the potential hazards, required safeguards,
waste handling methods, and emergency procedures.

To understand the hazards associated with equipment and chemicals before beginning
experimentation, the students must be fully aware of any reactions involved and their
corresponding energies, the proper use of fume hoods if required, the warning proper-
ties of the chemicals involved, the health hazards associated with those chemicals, re-
quired protective measures, etc. Similarly, the students must be aware of startup and
shutdown procedures for all equipment, the location of emergency shutoff controls for
all utilities serving their apparatus, the principles of machine guarding and electrical pro-
tection, how to evaluate the need for local exhaust ventilation, etc. These topics are covered
in later units within this module.

Some warning signs used on campus are generally observed: WET PAINT, SLIPPERY
WHEN WET, WET FLOOR, COMBUSTIBLES ONLY (on trash cans), etc. Other
signs such as NO PARKING and KEEP OFF THE GRASS are often ignored. Warn-
ing signs used in the laboratory environment are usually obeyed: HOT—DO NOT
TOUCH, CAUTION—OPEN GRATE, DO NOT OPERATE (on valves or switches),
etc. Still others such as DO NOT CHANGE SETTINGS or DO NOT TOUCH (on
the gas chromatograph) are widely regarded as an invitation to tinker. Students are in-
veterate ‘‘knob-twisters,”” and if not prevented, will turn a switch, valve, or rheostat
knob just to see if anything will happen. In the case of the chromatograph, the calibra-
tion may be changed or the filaments may burn out, leaving the instrument useless.

Everyone associated with the Unit Operations Laboratory must learn to believe in and
obey safety notices, both informative and warning or directive. Informative notices may
indicate the location of emergency telephone numbers or the material safety data sheet
(MSDS} collection for the laboratory. Warning notices advise the reader of the {possi-
ble) existence of a hazard: HEARING PROTECTION REQUIRED, NO SMOK-
ING, DO NOT START, SEE JACK MORRIS (EXT. 2-1759) BEFORE
OPERATING. An effective way to teach students to obey notices is to show them what
can happen if a warning is ignored. As an example, open a small bleed from the air
line to the absorber. Attach a child’s balloon at the outlet in a place the students cannot
readily observe. Demonstrate flow control through a rotameter and then give up in disgust
because you can’t get the flowrate you want. Tag the supply valve as DEFECTIVE—
DO NOT OPERATE. As soon as you leave, some enterprising, ‘helpful’’ student will
try to get the desired flowrate. If he does, the pressure in the supply line will be high
enough to inflate and burst the balloon. No one will be hurt, but everyone will get the
message: signs carry vital information, and all warnings must be obeyed. (See Ref. 1,
pp. 197-202 for a discussion of lockout procedures. See also OSHA standard, 29 CFR
1910.147, The Control of Hazardous Energy [Lockout/Tagout], for lockout and tagout
procedures.)

If students are required to construct their experimental apparatus, they must be cau-
tioned that the equipment must be located so that it will neither interfere with nor crowd
adjacent experiments and that it must not block the aisles. Each student should be able
to clearly identify two escape routes from the experimental area to the designated point
outside the building where students and staff must assemble if the building is evacuated.

Escape routes from the laboratory must be clearly marked. If one route does not go directly
to a hall but, instead, requires passage through another room, the laboratory director
or the teaching assistant must, at the beginning of each laboratory period, ensure that
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SAFETY AND
EMERGENCY SHUT-
DOWN PROCEDURES

General emergency
shutdown

Location of utility
shutoffs

Contact with live
electrical conductor

Summoning emergency
services

the room is unlocked, that the route through the room is not blocked, and that the light
in the room is on.

A hazard and operability (HAZOP) analysis or a risk assessment must be conducted for
each experiment. This procedure will allow the laboratory director, the teaching assist-
ant, and the students to anticipate the types of emergencies that may occur in the laboratory
or shop or storage area and to develop the corresponding response. Separate procedures
should be developed for each experiment. Typical procedures have been developed by
Pintar and adapted for use at Texas Tech University .2 Before such procedures can be
used effectively, each member of the group/team must know the location of all service
Jine shutoff valves and the master power switch for the experiment. The general emergency
shutdown procedure for any experiment is to: (1) shut off the power, (2) cut off the source
of any heating fluid, (3) open drain valves or vents if that action will not create a hazard,
and (4) evacuate the laboratory. The student or nearby supervisor will have to be the
judge of the extent of the emergency shutdown procedure. If he/she thinks that evacua- '
tion is the only safe action to take, that judgment on the student’s part must be accepted.
The students must never be criticized for such an act nor should anyone be allowed to
belittle or tease them. Few, if any, Unit Operations Laboratory experiments can be left
unattended for up to 5 minutes while the laboratory director determines whether an
emergency exists or not.

The students must know the emergency shutdown procedure for their experiment. The
emergency shutdown procedure is quite different from the normal shutdown routine and
must be designed to function quickly and in a fail-safe manner. The emergency pro-
cedure must be committed to memory before startup. If an emergency occurs, the students
will not have time to look up the procedure. Its execution must be automatic. The students
should be quizzed over such procedures before being given permission to begin the
experiment.

The students must know the location of the shutoff valves or switches for all utilities
(electricity, steam, water, air, other compressed gases) and reagent supply lines to their
equipment. These controls must be clearly marked and readily accessible. In addition,
the students should know the location of the master supply valves and switches supply-
ing such services to the entire laboratory.

As part of their emergency training, students should be taught how to respond if a per-
son makes contact with a live electrical conductor. Students must be aware that the ground
around a person may also be energized, especially if it is wet. The first step is to try
to de-energize the conductor, which is why students should know where the master shutoffs
are located. Those switches must be clearly labeled. If the power cannot be shut off or
if there is uncertainty as to whether it has been shut off, the students must proceed as
if the line is still energized. Someone needs to summon help—both an ambulance and
someone who can shut off the main power. If the rescuers can keep themselves insulated
and remove the conductor using dry boards or sticks, that procedure should be attempted.
Otherwise, the risk of a second electrocution is too great, and rescue must be delayed
until the power has been shut off. Once the rescue has been made, somecne must be
prepared to give immediate first aid for electrical shock. The victim should be treated
for shock even if he appears to be dead. Cardiopulmonary resuscitation should be ad-
ministered as necessary until the ambulance arrives and emergency medical technicians
have taken over.

All persons in the laboratory (except visitors) must know how to summon emergency
services by telephone to the laboratory or to any other location they may be using for
any aspect of any experiment. Those services must be provided with clear directions.
The person making the call must remain calm; give their name, location by building,
room number, and floor; and tell what type of assistance is required (fire, ambulance,
police) and where someone will meet the emergency vehicle.

V-3




INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

Description of
emergency

Moving injured persons

Fire alarm types

Faculty act as fire
warden

Evacuation in case of
fire

Extinguishing a
ciothing fire

SPECIAL SAFETY
PRECAUTIONS

If anyone has been injured, the caller should give as complete a description as possible
including whether the victim is unconscious, burned, or trapped; describe the nature of
the emergency in as much detail as is available (e.g., explosion, runaway chemical reac-
tion [tell what chemicals are involved], fire [tell whether chemical or electrical in origin}),
and ‘supply anything else that may help the emergency services dispatcher under-
stand the problem. The caller should not hang up—additional information that has not
been provided may be needed.

All others in the building should be notified about the emergency. No injured person
should be moved unless he or she is in imminent danger. To do so might cause serious
nerve damage, especially if the neck or spine are broken or twisted. Casualties should
be treated for shock.

Alarms are of two general types, self-actuated and person-actuated. Fire alarms can be
of either type; both are usually present in fairly new structures. Be sure that the students
know that they should not wait for a self-actuated alarm to work in the event of a fire:
the fusible link may not be in the correct temperature range or the battery may be “‘dead.’’
In case of a fire, the students should evacuate the area and use the person-activated alarm
on the way out.

As a result of building renovations, different types of alarms may be found in the same
building. Even if the laboratories, shops, and storage areas have different types of fire
detectors (thermal or heat sensitive, ionic or particle) and sprinklers, every student must
know the location of at least two fire alarms and how to use them.

In the event of a fire, the faculty member (and in his/her absence, the teaching assistant)
should act as fire warden. Their first duty is to sound the alarm and to protect him/herself
and the other people in the laboratory (or shop or storage area). The procedure is shown
in Figure V-1, If the laboratory or the entire building needs to be evacuated, the super-
vising professor or teaching assistant should be prepared to direct this activity while send-
ing someone else to call the fire department and give directions. If evacuation is required,
the laboratory occupants should assemble in a previously designated location and assist
in making a head count to be sure that no one has been Jeft behind,

After giving the alarm, if the fire is small and highly localized and if the correct type
of portable extinguisher is available to use, laboratory and/or shop personnel may at-
tempt to put the fire out. Later, the fact that a fire extinguisher has been used should
be reported to the shop technician or supply clerk who will have the extinguisher recharged
or replaced. If in doubt about being able to extinguish the fire, the laboratory occupants
should leave the job to qualified personnel and exit promptly in an orderly fashion, tak-
ing any injured students or other persons with them. No one should hesitate to give the
alarm and leave; the safety of the students and laboratory personnel is paramount.

In the event of a clothing fire, the victim should immediately use the safety shower until
the burning or smoldering items can be removed. Because use of a fire blanket may trap
hot clothing next to the body and cause more severe burns, the quickest way a victim
can extinguish or suppress a clothing fire, until he/she can get to a safety shower, is
to STOP, DROP to the floor, and ROLL. DO NOT RUN—that action will only fan
the flames higher. .

Because of the often complicated laboratory and analysis procedures involved, additional
safety precautions are necessary for Unit Operations Laboratory courses. Whether the
Unit Operations Laboratory is operated as a miniature pilot plant or as an advanced
laboratory, the rationale behind many of these additional safety and health procedures
should be apparent. The best way to evaluate the preparation for this part of the course
is to use the teaching assistant as a test case. By this time, that graduate student should
already know that safety and health considerations must be part of every laboratory ex-
periment, and his/her willing assistance is to be expected.
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Emergency evacuation
procedures

Exits and assembly
point

The first special safety precaution involves developing emergency evacuation procedures
from all facilities used in conjunction with the Unit Operations Laboratory experiments.
A plot plan of all those facilities with the location of all major experimental, shop, and
storage areas clearly noted on the drawing is needed together with avacuation routes
(Figure V-2). This exercise will introduce the students to some of the requirements of
the OSHA emergency action standard, 29 CFR 1910.38, Employee Emergency Action
Plans and Fire Prevention Plans.

Minimal emergency evacuation procedures consist of having clear and unobstructed aisles
between, and at least two separate exits from, each experimental area; giving the alarm
and providing directions to emergency services; designating an assembly point outside
of the building so that a head count can be made after an evacuation to verify that no

A \
SOUND ALARM Laboratory, Shop, Storeroom
Personnel, Students, Faculty

EVACUATE
AREA
| SUMMON AID |
A

CONFINE
FIRE

Professional Fire-fighters RESCUE

OPERATIONS

FIGHT
FIRE

Figure V-1. Emergency procedure for fires.

From: Zabetakis, M.G.: *“Fire Safety,” Safety Manual No. 13, Mine Safety and Health Administration,
Washington, DC (1976).
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Locating all safety
equipment

one was left behind; designating at least two people to sound the alarm during or im-
mediately after departure; and following other steps as directed by the campus fire marshal.

The location of all safety equipment should be shown on a separate plot plan of the Unit
Operations Laboratory and of ail ancillary facilities used by the students. A typical
laboratory diagram with a key to all experimental and safety equipment is illustrated
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Men’'s Room
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Figure V-2. Nllustration of evacuation routes from a Unit
Operations Laboratory.
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Safety equipment
demonstrations

in Figure V-3. One technique for ensuring that all students have reviewed this drawing
is to remove some item of safety equipment or to partially block an escape route, crowd
some experiment, etc. before a laboratory inspection or demonstration period. Students
are then assigned the task of verifying the location of all equipment and the physical
presence of all safety material. Those students who do not report either that a particular
piece of apparatus is missing or that a floor-plan change is recommended have obviously
not adequately reviewed the laboratory layout drawing, evacuation routes, etc.

The exercise described above will teach students the location of all safety equipment.
They also must be shown how to use each item. Demonstrations can be arranged using
the teaching assistants and shop personnel, through the safety office and the fire mar-
shal. When demonstrating the safety shower, using a bucket to catch the shower discharge
will avoid creating a slipping hazard on a wet laboratory floor. The students should be
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Figuré V-3. Laboratory diagram and key illustrating
the location of all safety equipment.
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Experiment change

Permission to start
experimentation

LABORATORY DIAGRAM KEY
1. EXPERIMENTS

A  GAS PERMEATION
B FLUIDFLOW

c LIQUID-LIQUID EXTRACTION

D4 HEAT TRANSFER (SHELL-ANDTUBE)

D, HEAT TRANSFER (DOUBLE-PIPE)

Ds HEAT EXCHANGER FOR HEAFTRANSFER EXPERIMENTS
E DISTILLATION COLUMN

Fy COOLING TOWER -
F HEAT EXCHANGER FOR COOLING TOWER EXPERIMENT
G GAS ABSORPTION

H EVAPORATION

2. MISCELLANEOUS EQUIPMENT

ICE MACHINE

CHEMICAL STORAGE

TOOL BOX

MISCELLANEQUS SUPPLIES
SAFETY SUPPLIES (GOGGLES, GLOVES, APRONS)
HARD HAT3

GAS CHROMATOGRAPH
PROCESS GAS CHROMATOGRAPH
TRAY DRYER

SINK

TABLE (REFRACTOMETER}

FPEZECAC

— 3D

3. SAFETY EQUIPMENT

FIRST AID BLANKET
SAFETY SHOWER
EYE WASH FOUNTAIN

FIRE EXTINGUISHER

>0

&
S

shown and required to practice in the instructor’s presence how to force the eyelids open
with one hand. The average person has no concept of how difficult it is to open the eye
or to hold it open against a foaming stream of water. {The students will be grateful if
towels are provided.)

Unauthorized changes in experiments can be dangerous. Along with being *‘knob
twisters,”’ some students attempt to make changes in their assigned experiments or even
to carry out unauthorized experiments. Even small variations in quantities or types of
reagents used in an experiment or excursions outside the operating range of a piece of
equipment may be dangerous. Such departures from approved procedures and condi-
tions should not be tolerated because of the potential hazards to the students at that and
at nearby experiments,

Before any group is allowed to begin any experiment, they should have demonstrated
that they have satisfactorily completed ail steps in the initial planning of the experiment
and in the hazard evaluation and that they are fully conversant with the written startup
and shutdown procedures, whether prepared by themselves or provided for them. These
procedures must include provisions for shutdown in case of emergency. Only after the
students have demonstrated that they are competent to conduct the experiment shonld
they be given permission to begin. A typical form that is useful for formalizing the per-
mission to start is shown as Exhibit V.1.
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Exhibit V.1. Permission to Start Experimentation
Experiment  Subject/Title:

Experimental design submitted approved
date . date

Apparatus constructed — or not required
ate .

Operating procedures approved by (initial if OK):  TA Lab Director

startup

data collection
shutdown

emergency shutdown

A

Preliminary report submitted

date

Assignments: Student Responsible;

data collection plan

safety

operating procedures

data collection/recording
calibration procedures/data
theory

Potential electrical hazards? ([ yes COno  If yes, identify location:

Potential mechanical hazards? [ yes Cino | yes, identify location:

'Required chemicals/physical state/purity/amounts:

MSDS reviewed

signature of safety director for group/team

Hazardous/toxic chemicals involved? TJyes Oimo  identities:

date

V-9
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Experiment Subject/Title {cont}:
incompatible chemicals involved? [ yes O no If yes, identify and state why no alternatives used:

Process conditions—maximum expected values and locations:

temperature °F/°G at fin

pressure psia/kPa in

energy generated ___ Btu/min watts k
Personal protective equipment needed? 0O yes O no

eye protection: safety giasses splash goggles face shield

gloves [Jyes Ono type:

apron [J yes C no

hard hat/bump cap [ yes O no

boots [ yes O no
Is all required personal protective equipment on hand? O yes O no

| certify that this experiment conforms to the Departmental and Unit Ops Lab safety rules/regulations.

signature of foreman/team leader date

I'have reviewed the procedures and certify that they are in accordance with established Departmental and Unit Ops Lab
requirements. ‘

signature of teaching assistant date

I have reviewed the preliminary report and the safety section as provided by the students named above. | concur that all
aspects of this experiment conform to procedures established by the Department and Unit Ops Lab with the following
exceptions (if none, so state):

Permission to start is granted.

signature of laboratory director date
(Sheet 2 of 2)
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Students not allowed to
work alone in laboratory

Experiments should
always be atiended

Student ‘‘check-in,
check-out™ procedure

Spills and cleanup

Reaching overhead
objects, valves

Elevated work surfaces

PERSONAL PROTECTIVE
EQUIPMENT

Because of the hazards associated with some experiments, no student should be permit-
ted to work alone in the laboratory at any time. Laboratory work at other than scheduled
times should be prohibited unless specifically authorized by the laboratory director or
his/her designee. The one exception to this rule would be when a student needs to enter
the laboratory to prepare an instrument and piping diagram for the next experiment his/her
group will be conducting. Even in that situation, the student should be required to notify
the teaching assistant, the laboratory director, or one of the shop technicians that he/she
will be in the laboratory preparing drawings or operating procedures for the experiment.
The student should notify the same person of his/her departure.

No experiment should be left unattended at any time. At least two students should always
be present when the experiment is in progress. The group leader is responsible for ar-
ranging rest and meal breaks for the group and for ensuring adherence to this practice.
If the leader needs to be absent for any reason, he/she should appoint a deputy so that
the experiment can proceed in an orderly fashion. The group leader should notify the
teaching assistant or the laboratory director of the change. If any other group member
needs to leave for any reason, he/she should notify the leader and estimate the time when
he/she will return.

Students are often careless about coming to and going from the laboratory. As the school
term proceeds, a few students will begin to siip off if they are not required to follow
the same type of *‘check-in, check-out™ procedure used in the industrial environment,
This procedure is the only way an accurate head count can be made in the event of an
emergency evacuation.

It is unrealistic to suppose that students will get through a laboratory without a spill.
Fortunately, most of these spills are water that can be squeegeed into a floor drain. Cleanup
may depend on the nature and amount of other spills; local procedures may require the
student, the teaching assistant, or the safety office do the cleaning. Adequate quantities
of materials (see Unit VII) should be maintained to neutralize small spills of acids and
bases and to absorb spilled solvents. All spills, their nature, and the corrective action
taken to clean up the spill and prevent future occurrences must be reported to the laboratory
director (and to the safety office, if local campus procedures s0 require). The laboratory
director may want to treat any spill of any chemical other than water in quantities greater
than 25 cc as ‘‘reportable’” to the appropriate authority, ¢.g., the State environmental
protection agency, railroad commission, health departmen, air pollution control board,
water pollution control board. If so, the necessary forms should be obtained ahead of
time and the laboratory director should be prepared to guide the group in completing

~ them. After such an exercise, the number of careless spills in the laboratory should

decrease significantly.

Unfortunately, students routinely stand on chairs, tables, etc., io reach overhead ob-
jects. This dangerous habit must be replaced by safe procedures. An adequate number
of ladders, safety step-stools, and safety platforms of various sizes must be provided
for use in reaching elevated valves, etc. To prevent damage to equipment, especially
glass apparatus, students must not be allowed to climb on equipment frames.

Students on elevated catwalks or floor grating should be reminded that they are respon-
sible for looking down and warning away students who may be beneath them. Students
should not stand beneath equipment or beneath students on elevated levels. If necessary,
warning signs (Man Above) should be displayed at appropriate locations. Observing
these precautions should greatly decrease injuries from spills or dropped items.

Personal protective equipment (PPE) includes all clothing and devices used to create a
barrier between the wearer and workplace hazards.* For purposes of this module, the
wearers may be students, staff, faculty, and/or visitors to the Unit Operations Laboratories,
shop, or storage areas. The workplace hazards are normal and the unusual hazards
associated with any part of any experiment.
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Need for use

Enforcement of PPE use

Safety glasses, other
eyefface protection

Hearing protection

Noise damage to ear

PPE for extremilies

Resistance of gloves,
¢lothing

The need for PPE can only be determined by a complete hazard evaluation of all the
chemicals, equipment, and procedures used in the Unit Operations Laboratory and its
supporting analytical laboratories, shops, and storage areas. One fact is certain: the
students will not use the required PPE unless ail faculty members, teaching assistants,
and shop personnel do so whenever they are in the laboratory. The impression that safe-
ty is unimportant can confuse the student whose summer or c0-0p experience has con-
vinced him/her that industry considers safety and health to be essential components of
all operations.

Enforcement or reinforcement of the use of PPE is the responsibility of the laboratory
director. Sanctions can range from a grade reduction to expulsion from the laboratory,
depending on the frequency and nature of the infraction. It is imperative that all students
be advised of the penalties for safety rule/procedure infraction at the beginning of the
course. Frequent reminders are also necessary.

Eye and face protective equipment (antisplash goggles and face shields) should be worn
by all persons in an area where they may be subject to splashing chemicals or hot fluids
(water, steam) or where they may be exposed to flying or falling blunt metal objects
or the discharge of chips, turnings, or waste ejecta from any machinery. In all other
cases, safety glasses must be worn. For those students requiring corrective lenses in their
industrial safety glasses, the department may be able to arrange a reduced price with
a local optical shop in exchange for recommending their services to the students. All
eye and face protection must comply with American National Standards Institute
(ANSD Standard Z87.1-1979% and more recent versions. The minimum requirements
for eye and face protection are detziled in readily available publications.5’ :

A variety of hearing protection should be available for student use.3-10 Most people like
the foam-type inserts. A few find them uncomfortable or have problems with irritation
of the ear canal. For this reason, muff-type protectors should also be available. Most
people find these less comfortable to wear for long periods of time because of the pressure
on the head. Part of 2 muff’s protection is lost when it is worn with safety glasses since
the temple piece of the glasses causes a break in the seal around the ear. Because muffs
are easy and quick to put on, they are ideal for frequent, short-term use. When hard
hats are also required, the type of muff that mounts on a hard hat is excellent. It is also
easier to check that students are using muffs than using earplugs when protection is needed.
All students needing hearing protection must be trained in the proper use of the device(s)
provided.

Headsets for cassette players/radios are not suitable for hearing protection. They offer
no protection; rather, they are a source of excess noise because the volume must be turned
up to offset the background noise. This can result in levels well over 100 dBA going
into the ear. Any sound over 90 dBA (and there is evidence as low as 80 dBA) will
cause damage to the ear regardless of whether it is ““music’’ or “noise.’’ In addition,
radios, etc., should not be allowed in the laboratory because they are distracting and
may seriously impede communication.

Typical laboratory injuries can include burns, cuts, abrasions, chemical absorption, and
electric shock. Other frequent injuries include those from falling objects, hot surfaces,
and slipping on wet floors. Protection is provided by gloves, sleevelets, safety shoes
or boots, and leggings, or aprons. Foot protection is classified according to its ability
to resist minimum requirements for compression and impact as specified by ANSI Stan-
dard Z41-1983. The torso, which is subject to injury from splashes, impacts, and cuts,
can be protected by aprons, coveralls, etc.

The material selected for body protection must be suitable for the possible hazard/in-
tended use, e.g., rubber for electrical hazards, neoprene for acetic acid or methyl isobutyl
ketone, etc. The manufacturers of such items should be consulted for recommendations
for protective materials. A typical list of glove materials and their applications is shown
in Table V-1. (A more complete list is available from the U.S. Environmental Protec-
tion Agency).l!

V-12

O



Unit V—Safety Procedures for Unit Operations Laboratories

Table V-1
Permeation Data for Common Glove Materials™

VITON BUTYL SILVER SHIELD NITRILE
CHEMICAL (10 mil) (17 mil) (3 mil) (22 mil)
Breakthrough | Permeation | Breakthrough | Permeation | Breakthrough | Permeation | Breakthrough | Permeation
Time (Hrs) | mo/m¥sec | Time (Hrs) | mg/m/sec | Time (Hrs) | mg/m?/sec | Time (Hrs) | mg/msec

Acetaldehyde NR — 96 hrs. 0066 >6 hrs. ND NT - -
Acetic Acid (Glacial) NT - NT — NT - 1.9 hrs. pral
Acetic Acid (50%) NT — NT — NT — >8 hrs. ND
Acetone NR — >17 hrs. ND >6 hrs. ND NT —
Acetonitrile NT — >8 hrs. ND >8 hrs. ND NT _
Ammonium Hydroxide

(29%) NT — NT - NT - >8 hrs. ND
Anifine NR - >8 hrs. ND >8 hrs. ND 1.2 hrs 3
Benzene & hrs. m2 NR — >8 hrs. ND 27 min. 97
Butyl Acetate NR - 19 hrs. 761 >6 hrs. ND 1.7 hrs. 24
p-t Butyltoluene >8hrs. | ND 1.7 hrs. 8 >8 hrs. ND NT -
Carbon Disulfide >16 hrs. ND NR — RD - 20 min. 86
Carbon Tetrachloride >13 hrs. ND NR — >6 hrs. ND 5.7 hrs. 8
Chloroform 85 hrs. 046 NR - NR - NT -
Chloronaphthalene >16 hrs. ND NR - >8 hrs. ND NT -
Cyclohexane >7 hrs. ND 1.1 hrs. 203 >6 hrs. ND >8 hrs. ND
Cyclohexanol >8 hrs. ND >11 hrs. ND >6 hrs. ND ) NT —_
Cyclohexanone NR - >16 hrs. ND >6 hrs. ND NT —
Dibutyl Phthalate >8 hrs. ND >16 hrs. ND >6 hrs. ND NT -
1,2 Dichloroethane 69 hrs. 81 29 hrs. 53 >6 hrs. ND 16 min. 292
Diisobuty! Ketone (80%) 1.2 hrs. 906 33 hrs. 41.2 >B hrs. ND NT —
Dimethyl Formamide NR - >8 hrs. ND >8 hrs. ND 35 min. ]
Dioxane NR — >20 hrs. ND >8 hrs. ND NT -
Divinyi Benzene >17 hrs. ND --2.2 hrs. 238 =8 hrs. ND NT -
Ethyl Acetate NR - 76 hrs. 34 >8 hrs. ND NT -
Ethylamine (70%

in water) NR - >12 hrs. ND NR - NT -
Ethyl Alcohol NT - NT —_ NT - >8 hrs. ND
Ethyt Ether . NR - NR — >6 hrs. ND NT -
Formaldehyde (37% -

in water) >16 hrs. ND >16 hrs. ND >6 hrs. ND >8 hrs. ND
Furfural 36 hrs. 148 >16 hrs. ND >8 hrs. ND NT -
n-hexane >11 hrs. ND NR —_ > B hrs. ND >8 hrs. ND
Hydrazine (70% in water) NR — >8 hrs. ND 2.1 hrs. 10 >8 hrs. ND
Hydrochloric Acid (37%) RD — RD — >6 hrs. ND >8 hrs. ND
Methylamine

(40% in water) >16 hrs. ND >15 hrs. ND 1.9 hrs. 20 NT -
Methylene Chloride 1 . 732 NR - 19 hrs. 0.002 NT —
Morpholine 19 hrs. 97 >16 hrs. ND >8 hrs. ND NT -
Nitrobenzene >8 hrs. ND >23 hrs, ND >8 hrs. ND 1hr 15
Nitropropane NR - >8 hrs. ND >8 hrs. ND NT -
Pentachlorophenol

(1% in kerosene) >13 hrs. ND NR - >8 hrs. ND NT -
a-Pentane >8 hrs. ND NR - >6 hrs. - ND NT —
Phenol (85% in water) >15 hrs. ND =20 hrs. ND NT — >38 hrs. ND
Propyl Acetate NR - 2.7 hrs. 2.86 =6 hrs. ND NT -
Sodium Hydroxide (50%) RD - RD - >6 hrs. ND >8 hrs. ND
Sulfuric Acid (3 molar) RD - . RD - >6 hrs. ND >8 hrs. ND
Tetrachioroethylene >17 rs. ND NR - >6 hrs. ND NT -
Toluene >16 hys. ND NR - >6 hrs. ND 28 min. 25
Toluene Diisocyanate >16 hrs. ND >8 hrs. ND >8 hrs. ND >8 hrs. ND
1,1,1richloroethane >15 hrs. ND NR — >6 hrs. ND 2.2 hrs. 44
Trichloroethylene 7.4 hrs. 024 NR - >6 hrs. ND 9 min. 62
Vinyl Chloride 4.4 hrs. 0.098 NR - >8 hrs, ND NT -

NR = Not Recommended ND = None Detected

NT = Not Tested > = Greater Than

RD = Resists Degradation; < = less Than

not tested for permeation — = Data not available

*Information courtesy of Lab Safety Supply Co., Janesville, WI, 1989. (Sheet 1 of 2)




INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

Table V-1 (cont’d)
Permeation Data for Common Glove Materials*

¢

NEOPRENE NEOPRENE
CHEMICAL PVA UNSUPPORTED SUPPORTED
Breakthrough Permeation Breakthrough Permeation Breakthrough Permeation
Time (Hrs.) | mg/m¥sec | Time (Hrs) | mo/m¥sec | Time (Hrs) | mg/m2sec
Acetaldehyde - - 10 min. <9000 17 min. <9000
Acetic Acid (Glacia) — — 7 hrs. - >6 hrs. —
Acetic Acid (50%) — — - — - -
Acetone - - 5 min. <900 10 min. <900
Acetonitrile 1 hr, <09 30 min. <9 1% hrs. <09
Ammonium Hydroxide

(29%%) — - >0 hrs. — >6 hrs, -
Aniline 12 hrs. <9 35 min. <9 3 hrs. <9
Benzene 7 min. <09 - — — -
Butyl Acetate ND <09 - - - —
p-t Butyltoluene - — - — — —
Carbon Disulfide ND <09 - - - —
Carbon Tetrachloride ND <09 — — — —
Chloroform ND <09 - - — -
Chioronaphthalene ND <09 — — - -
Cyclohexane - - - — — -
Cyclohexano! 6 hrs. <09 212 hrs. <9 3 hrs. < 09
Cyclohexanone - — - - - -
Dibutyl Phthalate ND <09 2 hrs. <09 5 hrs. <9
1,2 Dichioroethane - - - - - —
Diisobutyl Ketone (80%) ND <09 - — - -
Dimethyi Formamide - — 10 min. <90 1 hy. <90
Dioxane - —_ — — - —
Divinyl Benzene - - - - - —
Ethyl Acetate ND <09 15 min. <90 20 min. <90
Ethylamine (70%

in water) — - - — - -
Ethyl Alcohol - — 1lahrs. <9 3 hrs. <9
Ethyl Ether >6 hrs, <09 10 min. <90 10 mip, <90
Formaldehyde (37%

in water) - - 2 hrs. <09 2 hrs, <9
Furfural ND <09 20 min. <90 2 hrs. <80
n-Hexane ND <09 45 min. <900 1% hrs <90
Hydrazine (70% in water) — — ND —_ ND -
Hydrochioric Acid (37%) — - ND - ND -
Methylamine

{40% in water) - - 414 hys. <90 6 firs. <09
Methylene Chloride 17 min. <09 — — — —
Marpholing 3 hrs. <09 — - - -
Nitrobenzene >6 hrs. <09 - - - -
Nitropropane >6 hrs. <09 5 min. <900 1hr <90
Pentachloropheno}

(1% in keroseng) 7 min, <800 6 min. <09 6 min, <09
n-Pentane ND <09 30 min, <900 45 min. <9
Phenol (85% in water) 30 min. <90 3 hrs. <40 >6% hrs. <09
Propyl Acetate 2 hrs. <9 - - — -
Sodium Hydroxide {500%6) - - ND - ND -
Sulfuric Acid (3 molar) — - 3 hrs. — >6 hrs. -
Tetrachloroethylene — - - — - -
Toluene 15 min. <9 — — - —
Toluene Diisocyanate ND <09 — - — -
1,1,1Trichloroethane 1hr <09 - — - —
Trichioroethylene 30 min <09 - - — -
Vinyl Chioride — —_ - — —_ —_

NR = Not Recommended ND = None Detected
NT = Not Tested > = Greater Than
RD = Resists Degradation; < = Less Than

not tested for permeation Data not available
*Information courtesy of Lab Safety Supply Co., Janesville, W1, 1989,

{Sheet 2 of 2)

V-14



Unit V—Safety Procedures for Unit Operations Laboratories

Head protection

Respirators

Respirator selection

Respirator types: air-
purifying

Warning properties of
chemicals

Head protection should be required whenever students are in an experimental area. In
the laboratory environment, head injuries are often caused by bumping the head against
a sharp or other fixed object, by falling, or by being hit by an object dropped from above.
Head protection must resist penetration and must absorb the shock of an impact. The
shell of the hard hat is usually aluminum or impact-resistant plastic to provide protection
against penetration. The shock-absorbing liner keeps the shell away from the wearer’s
skull when properly adjusted. The applicable standards are ANSI Z89.1-1969 and later
editions, Head protection can usually be omitted in analytical laboratories, calculation
areas, and shops. If the students are only exposed to bumping their heads while working
around the equipment, a bump cap can be used.

Because most chemical engineers will have to wear hard hats, safety glasses, and safety
shoes as the minimum PPE, using these items in the Unit Operations Laboratory is good
“‘conditioning.”” Hard hats can usually be obtained by industrial donation. For those
students who do not already have safety glasses, the department may provide visitor-
type safety glasses at nominal cost. A list of recommended PPE is given in Appendix C.

Respirators prevent harmful substances from entering the lungs. Some respirators also
supply air to the wearer from an external source. Hazards that necessitate the use of
respirators include an oxygen-deficient atmosphere (below 19.5% oxygen) and/or the
presence of hazardous dust, fumes, vapors, or gases. Each Unit Operations Laboratory
experiment should be designed and provided with sufficient engineering controls (not
a part of the students’ assignments) so that respirators will not be required except in
an emergency and possibly during the subsequent cleanup. Even in such situations, the
persons who will wear the respirators (faculty and technicians) must be advised that
respirators do not eliminate exposure to hazard(s). Furthermore, because respirators are
not always properly maintained, they will not prevent over-exposure in the event of equip-
ment failure. Laboratory directors are responsible for maintaining the respirators, and
they can obtain additional information and the legal requirements associated with
respirators from 29 CFR 1910.134, Respiratory Protection.

Selecting the proper respirator is governed by the chemical and physical properties of
the contaminant, the hazard (toxicity, concentration), its extent (contaminated area), and
amount of oxygen present. Other selection factors include the required mobility of the
wearer, estimates of the maximum exposure time, energy expenditure (level and dif-
ficulty of work) required by the wearer, and the limitations (chiefly demand rate or peak
airflow rate and capacity) of the available respirators.

Basically, respirators are air-purifying or atmosphere-supplying. Air-purifying respirators
utilize filters (for dusts, mists, and fumes) or adsorbents (for gases, vapors, and some
mists and fumes) to remove contaminants from the air. The first category may range
from the single-use, two-strap respirator for mists and dusts (NIOSH approval no. TC-21C
series) to cartridge or canister types with half or full face-mask. Respirator fit-tests are
necessary for all but the simplest “‘dust’” masks. The sorbent used is specific for the
class of material being removed from the air: acid gases, hydrocarbons, ammonia, etc.
Air-purifying respirators may not be used in oxygen-deficient environments or in those
that are immediately dangerous to life and health {DLH) because of the nature and poten-
tial exposure of the contaminant. No cartridge-type respirator may be used unless the
chemical for which it is intended has adequate warning properties such that breakthrough
can be detected by the user. The warning properties of industrial chemicals are listed
in Appendix D: A partial list of gaseous materials for which cartridge respirators are
not allowed, regardless of concentration or exposure time, is given below.*

Acrolein. - Fluorine Nitro compounds
Aniline Formaldehyde a. —Nitrobenzene
Arsine Hydrogen cyanide b. —Nitrogen oxide
Boron hydrides Hydrogen fluoride c. —Nitroglycerine
Bromine Hydrogen selenide d, —Nitromethane
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INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

Respirator types:
atmosphere-supplying
and SCBA

Carbon dioxide Hydrogen sulfide Ozone

Carbon disulfide Mercury vapor Perchloroethane
Carbon monoxide Methanol Phosgene

Carbonyls Methyl ethyl ketone peroxide Phosphine
Carcinogens Methyl isocyanate Phosphorus trichloride
Cyanogen Methyl bromide : Stibine
Dimethylaniiine Methyl chloride Sulfur chloride
Dimethylsulfate Methyl iodide Toluene diisocyanate
Ethyl cyanide Nickel carbonyl Vinyl chloride

*Source: Class materials, Course ne. 222, Respiratory Protection, OSHA. Training Institute, Des Plaines, IL (1983).

All sorbent-type respirators are intended for use in an escape situation or when the
laboratory director knows that the concentration of the contaminant and the required work
duration do not exceed the rating or capacity of the unit. If the main cylinder valve on
an ammonia tank were to fail, the only recourse would be immediate evacuation, trip-
ping the fire alarm as the laboratory is evacuated. That action should cause evacuation
of the entire building. The fire department or other emergency operator (such as dialing
911 in areas with that service) should be phoned from another building. The laboratory
director should not even consider putting on a full-face, canister-type gas mask and reenter-
ing the building for two reasons: complete venting of a no. 2 cylinder would put about
175 1b of ammonia (about 3700 ft* at 70°F) into the laboratory. Not only would the
atmospheric concentration be in the explosive range, the air would be oxygen-deficient.
Ina70ft. X 24 ft. x 12 ft. laboratory area, that much ammonia would give an average
concentration of 18.4% oxygen. In the area around the ruptured valve, the local concen-
tration could temporarily be less than 10% oxygen. The fire department should be told
to bring their SCBA’s and “‘smoke eaters’’ to clear the building.

The atmosphere-supplying category of respirator may consist of a mask and an air hose
to a piped-in breathing-grade air supply or a complete self-contained breathing apparatus
(SCBA). Ir all events, the respirator must be approved for its intended use and must
provide adequate protection and useful life for the anticipated exposure during an
emergency—without an unacceptable penalty such as excessive weight or severely limited
mobility.
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Unit V—Safety Procedures for Unit Operations Laboratories

11.
12,
S ia freehand sketch of the laboratory - floor plan showing your experimental area,

" the escape routes, and ‘the location of the nearest fire extinguisher, safety shower, -

~ eye-wash fountain, and the emergency shutoff valves -and/or sw1tches govern-
- ing the utilities for your area?

13.

14.

SAMPLE QUIZ QUESTIONS

.'-What should you do nnmedrately if your clothing catches fire or any burning '
~material is spﬂled on you" After that immediate action; what should you do next?

.-What is your ﬁrst duty in case ofa fire in the laboratory‘?
. Why isan assembly point. des1gnated for emergency building evacuations? Where

is-it for your laboratory‘? What do you do when you get there?

. Where are the main shutoff valves or switches for the utrlmes (water air, steam,
_‘elecmolty) for the Unit Operattons Laboratory"

. What mformauon should be gwen when requestmg emergency services (fire,

ambulance) by telephone'?

. What are the only- two conditions under whtch an attempt can be made to rescue

someone in contact with-a “llve" elecmcal conductor"

. 'What are the {WO mOst important- factors affectmg the seléction of gloves or other‘

. protective clothing? For the experunent you are domg next, what glove material
- should be used? - - :

. What safety problems are assoc1ated with workmg on an elevated platform"

. What is the general emergency shutdown' procedure applicable to all Unit Opera-

- tions Laboratory experrments"’

- 10,

Describe: the: emergency shutdown procedure for your present (or next)
expernnent ‘ :

What factors govern the selecuon of resplrators" :
What emergency safety eqmpment is in the Unit Operations Laboratory‘? Prepare

Describe how to use an eye-wash fountam

“What: personal protectwe equipment is ‘available to you for your expenment" _
,Where 1s the PPE. located’? Why is it necessary‘? :
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PURPOSE:

OBJECTIVE:

SPECIAL TERMS:

: Unit VI
SAFETY AND HEALTH STANDARDS AND REGULATIONS

To familiarize the laboratory director/instructor with the sources and uses of typical
codified regulations and voluntary standards the students will later encounter in industry.
Voluntary and mandated codes and standards are constantly being upgraded. The
laboratory director/instructor should always use the most recent version so that the students
can be made aware of and adhere to only the most up-to-date requirements.

To explain the sources and uses of safety and health laws and regulations and voluntary
industrial standards in terms of:

1. OSHA regulations

2. EPA fesponsibilities

3. Hazard cofnmunication standard
4. Voluntary standards

1. Standards
2. Codes
3, Hazard Communication Standasd
4. Hazard communication program
5. Recommended practices

© 6. Material safety data sheet (MSDS)
7. Hazardous chemical




INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

REGULATIONS

OSHA, NIOSH, state
agency functions

Evolution of OSHA
standards

OSHA area and regional
offices as resources

NIOSH research,
technical assistance and
training

State consuftation
programs

All Unit Operations Laboratory directors/instructors should already be familiar with some
design standards, either through exposure in design courses, or, more likely, through
use in an industrial setting. In any event, the purpose of such standards is the develop-
ment of measuring methods to characterize the composition, properties, or performance
of materials. Similarly, safety and health standards set out the minimum criteria needed
to develop and maintain a safe and healthful occupational environment. On entering the
work force, students will be exposed to these standards and others enforced by govern-
ment regulations. The students must, therefore, become aware of the existence of safety
and health standards and the absolute need to include them as essential design criteria.

The Occupational Safety and Health Act, passed by Congress in 1970, created the Oc-
cupational Safety and Health Administration (OSHA) and the National Institute for Oc-
cupational Safety and Health (NIOSH). OSHA has issued regulations that contain stan-
dards to provide workplace protection to empioyees in the private sector. (Federal, state,
and local governmental employees are not covered.) States have the option of enforcing
comparable (including more restrictive) standards themselves or ailowing the standards
to be enforced by federal inspectors. In some states that elect to provide coverage, the
enabling state legislation includes state employees. Other states cover public employees
under separate regulations. The safety and health office of each institution needs to detez-
mine what regulations apply to all laboratory directors and to their teaching assistants.
Since students are not employees, they may not be covered except through measures
put in place to protect college/university employees. Some states, e.g., Texas, have laws
making the instructor personally resporisible for the safety of the students.

OSHA regulations were originally based on voluntary industry standards in existence
at the time the Act was passed, i.e., chemical exposure limits developed by the American
Conference of Governmental Industrial Hygienists (ACGIH), safety standards developed
by the American National Standards Institute (ANSI), etc. There is an ongoing process
of developing new standards as new information is developed about hazards and abate-
ment techniques. Many recommended standards developed by other organizations are
reviewed and updated more frequently than are the OSHA standards. Two examples are
the threshold limit values (TLVs) recommended by ACGIH and the recommended ex-
posure limits (RELs) developed by NIOSH for specific air contaminants. Although at
some point these and other updated standards may provide a higher level of worker pro-
tection than do the OSHA standards, the students must realize that for regulatory pur-
poses, the OSHA standards are those with which industry must comply.

OSHA area offices can serve as a resource center. They have available free copies of
standards and information pamphiets on a wide variety of safety and health topics. Some
offices have films or videotapes on safety and health subjects available on a loan basis.
The safety and health supervisors can answer specific questions. The area offices can
often provide speakers to address specific safety or health topics. Laboratory directors
should make it a point to visit the nearest OSHA office to become acquainted with the
area director, safety supervisor, and industrial hygiene supervisor and learn about the
resources they can provide. A list of OSHA regional and area offices is shown in Ap-
pendix E.

The National Institute for Occupational Safety and Health (NIOSH) was established by
the Occupational Safety and Health Act that was enacted in 1970. The Act made NIOSH
responsible for conducting research, training, and technical assistance to make the Na-
tion’s workplaces healthier and safer. To identify hazards, NIOSH conducts surveys,
laboratory and epidemiologic research, publishes its findings, and makes recommenda-
tions for improved working conditions to OSHA and the Mine Safety and Health Ad-
ministration in the U.S. Department of Labor. The organization and administration of
NIOSH and the functions of its laboratories are aiso shown in Appendix F,

Since enforcement personnel cannot make on-site consultation visits, state consultation

programs have been developed. Laboratory directors may be able to arrange for staff
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Unit VI—Safety and Health Standards and Regulations

EPA interaction with
safety and health

Solve the problem, don’t
relocate it

HAZARD
COMMUNICATION
STANDARD

Purpose of HAZCOM
standard

HAZCOM standard
requirements

of the state consultation program to assist with an initial self-inspection of the Unit Opera-
tions Laboratory and to recommend control measures for all identified hazards. Further
information can be obtained from OSHA.

The U.S. Environmental Protection Agency (EPA) is responsible for controlling air and
water. pollution and for managing solid waste. The Clean Air Act and its amendments
and the Clean Water Act are the sources of many EPA regulations. Others are derived
from the Resource Conservation and Recovery Act; the Toxic Substances Control Act;
and the Comprehensive Environmental Response, Compensation, and Liability Act
(Superfund Law); and the Superfund Amendments and Reauthorization Act (SARA).
Faculty teaching specific courses in pollution control should be able to provide details
of these acts and the resulting regulations. A list of EPA regional offices, addresses,
and telephone numbers is in Appendix E.

The unwary or unthinking engineer may use one or more of the control strategies described
elsewhere in this module to convert a workplace (laboratory) hazard into an external
environmental pollution problem. In that case, the problem will not have been solved,
only relocated. All students must be advised to seck the advice of their future employer’s
environmental control group before implementing any chemical, biological, or radiation
hazard control measures.

The federal OSHA Hazard Communication (HAZCOM) Standard (29 CFR 1910.1200)
or comparable state law now covers every private sector employee. Although state and
local government employees are not covered by federal OSHA, they may be covered
by state laws. Some state laws make the laboratory director/instructor personally respon-
sible for the health and safety of the students in his/her class. This responsibility makes

_ enforcement of the standard doubly important. The federal OSHA standard will be used

when discussing the HAZCOM standard. The laboratory director/instructor can obtain

information from the nearest OSHA area office on applicable coverage for his/her

institution.

Although students in the Unit Operations Laboratory should not be exposed to chemicals
that may cause serious health effects, they may be exposed to such chemicals in the
workplace. Other chemicals may be safety hazards because of their potential to ignite
and burn and/or to react violently with other substances encountered on the job. The
purpose of the HAZCOM standard is to reduce the incidence of occupational ill-
nesses and injuries resulting from exposure to chemicals. The objective of this standard
is approached in two ways: establishing uniform requirements to evaluate hazards
associated with all chemicals manufactured, imported, or used in the workplace, and
ensuring this information is transmitted to affected employers and potentially exposed
employees. '

The HAZCOM standard requires chemical manufacturers and importers to conduct a
hazard determination and to prepare material safety data sheets (MSDS) for chemicals
with physical and/or heaith hazards. These MSDS must be sent with the initial shipment
of any hazardous chemical to every employer for use in its hazard communication pro-
gram. If the manufacturer/importer obtains new information on hazards, the MSDS must

" be updated and revised copies must be sent with new orders. This requirement means

that the receiver must verify whether or not an MSDS that has been received must be
used to update the MSDS collection. If the revision date has been recorded on the list
of hazardous chemicals required by the written hazard communication program (see
below), this comparison can be readily made and the “‘new”’ MSDS retained or discard-
ed as appropriate. A revised MSDS must replace the previous MSDS. New safety and
health training may be required if a new hazard(s) has been identified. Chemical manufac-
turers or importers must also ensure that containers of hazardous chemicals are labeled
with the identity of the contents (in a name that matches that on the MSDS), appropriate
hazard warnings, and the manufacturer’s (or other responsible party’s) name and address.
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a. Written hazard com-
munication program

b. Labeling

¢. Material Safety Data
Sheet (MSDS)

A written communication program must be-developed, normally at the coltege/universi-
ty level, describing how the requirements of the HAZCOM standard will be met.!:23
The program addresses labeling requirements, collection, and maintenance of MSDS’s
and provision for immediate access to information by and training of individuals who
are, or may be, exposed to the chemicals. The written program must also contain a list
of the hazardous chemicals present in the work area. It is more practical to have a separate
list for each laboratory rather than a single list for the institution. This list makes it easier
to periodically review and update the list thereby limiting the chemicals that have to be
addressed during training sessions. Although it is not required by the standard, listing
the date of revision for each MSDS on this list is also beneficial, as already noted. The
written program must also address any hazards associated with nonroutine tasks and the
hazards associated with chemicals contained in unlabeled pipes in the work area. (In
this module, the work area encompasses all areas involved in the Unit Operations
Laboratory course(s).)

When received, afl containers of hazardous chemicals are supposed to be appropriately
labeled as to the identity and hazards associated with the chemical. These labels must
not be removed or defaced. If the chemical is transferred to another container, it must
also be properly labeled unless it is a portable container into which the hazardous chemical
is transferred from a labeled container for immediate use by the individual performing
the transfer. Stationary containers may be labeled by signs, placards, operating procedures,
or other such written materials as long as the alternative method identifies the containers
to which it applies and conveys the required information.

A copy of each MSDS must be kept in the work area and be readily accessible to the
students, teaching assistant, staff, and faculty. This practice enables them to review the
hazards in more detail after noting a warning label or to take a copy to the emergency
room if someone has been accidentally overexposed. An example of the form used to
prepare an MSDS is shown in Appendix F. An explanation of the required sections and
a glossary of terms commonly used in preparing an MSDS are also included in Appen-
dix F,

Each MSDS must contain the following information:

1. the identity used on the label and, unless it is protected as a trade secret:
a. its chemical and common name(s) if the hazardous chemical is a single substance; or

b. the chemical and common name(s) of the ingredients that contribute to those known
hazards, and the common name(s) of the mixture itself if the hazardous chemical
is a mixture that has been tested as a whole to determine its hazard; or,

c. the following must be listed if the hazardous chemical is a mixture that has not
been tested as a whole:

i) the chemical and common name(s) of all ingredients that have been determined
to be health hazards and that comprise 1% or greater of the composition, ex-
cept that chemicals identified as carcinogens shall be listed if the concentra-
tions are 0.1% or greater; and,

i) the chemical and common name(s) of all ingredients that have been determined
to be health hazards and that comprise less than 1% (0.1% for carcinogens)
if there is evidence that the ingredient(s) could be released from the mixture
in concentrations that would exceed an established OSHA permissible exposure
limit (PEL) or an ACGIH TLV, or that could present a health hazard; and

iii) the chemical and common name(s) of all ingredients that have been determined
to present a physical hazard when present in the mixture;

2. physical and chemical characteristics of the hazardous chemical (such as vapor pressure,
flash point);

3. the physical hazards of the hazardous chemical including the potential for fire, explo-
sion, and reactivity;
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d. Training

4. the health hazards of the hazardous chemical, including signs and symptoms of ex-
posure, and any medical conditions that are generally recognized as being aggravated
by exposure to the chemical; :

5. the primary route(s) of entry;

6. if available, the OSHA PEL, the NIOSH REL, the ACGIH TLV, and any other
exposure limit used or recommended by the chemical manufacturer or importer
preparing the MSDS, where available;

7 whether or not the hazardous chemical is listed in the National Toxicology Program
Annual Report of Carcinogens,* or has been found to be a potential carcinogen in
the International Agency for Research on Cancer (IARC) Monographs, T or by OSHA;

8. any generally applicable precautions for safe handling and use that are known to
the chemical manufacturer or importer preparing the MSDS, including appropriate
hygienic practices, protective measures during repair and maintenance of contaminated
equipment, and procedures for clean-up of spills and leaks;

9, any generally applicable control measures that are known to the chemical manufac-
turer, importer, or employer preparing the MSDS, such as appropriate engineering
controls, work practices, or personal protective equipment;

10. emergency and first aid procedures;
11. the date of preparation of the material safety data sheet or date of the last revision; and

12. the name, address, and telephone number of the chemical manufacturer, importer,
employer, or other responsible party preparing or distributing the MSDS who can
provide additional information on the hazardous chemical and appropriate emergen-
cy procedures, if necessary.

Before an individual works with hazardous chemicals, he/she must be provided infor-
mation on the institution’s HAZCOM program and with training on the hazards associated
with those chemicals. The information provided must cover the requirements of the
HAZCOM standard, the operations in the individual’s work area (Unit Operations
Laboratories, shops, storage areas) where hazardous chemicals are present, the location
and availability of the written HAZCOM program, including the list of hazardous
chemicals, and the MSDS. Training can be done on a chemical by chemical basis or
on classes of hazards. Although not required by the standard, it is suggested that the
instructor keep records of the training that was conducted including the material covered,
names. of the presentor and students, and dates. The training must include at least:

1. methods and observations that may be used to detect the presence of release of a
hazardous chemical in the work area (such as monitoring conducted by an individual,
continuous monitoring devices, visual appearance or odor of hazardous chemicals
when being released, etc.);

2. the physical and health hazards of the chemicals in the work area;

3. the measures that individuals can take to protect themselves from these hazards, in-
cluding specific procedures that have been implemented to provide protection from
exposure to hazardous chemicals such as appropriate work practices, €mergency pro-
cedures, and PPE to be used; and

*Fifth Annuat Report on Carcinogens—Summary 1989, Technical Resources, Inc. NTP 89-239, NIEHS,
Research Triangle Park, NC. (Always see latest edition.)

+IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans, World Health Organiza-
tion, Geneva, Switzerland.
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Right to complain

VOLUNTARY STANDARDS
NFPA standards

ANSI/UL standards

4. the details of the HAZCOM program that has been developed, including an explana-
tion of the labeling system and the MSDSs and how individuals can obtain and use
the appropriate information.

Since hazardous conditions can arise very quickly in a teaching laboratory, it is impor-
tant that each student be encouraged to question and report any potential or actual unsafe
actions by any individual in the lab. The students must believe that they can make such
reports without fear of reprisal.

The National Fire Protection Association (NFPA), a nonprofit voluntary association,
is the primary fire safety organization in the United States. NFPA serves as a central

clearinghouse of fire safety information. Many NFPA recommended codes and stan-

dards have become the basis for local and state regulations and laws. All NFPA codes,
standards, and recommended practices are phrased in terms of required performance.
In this regard, they are similar to the way in which American Society for Testing and
Materials (ASTM) standards are prepared.

American Natjonal Standards Institute (ANSI) is the coordinating body of a voluntary
federation of standards-writing entities representing commerce, industry, and public/con-
sumer interest groups. All ANSI standards meet national needs without significant overlap
or conflict. Some NFPA standards have been adopted by ANSI, the Underwriters’
Laboratories (UL), the Factory Mutual (FM) Research Corporation, and/or their Cana-
dian counterparts. OSHA has adopted many NFPA standards, NFPA provides publica-
tions, films, and training aids for use in teaching fire safety, life safety, electrical safety,
etc. A sample of the NFPA/ANSI/UL standards applicable to Unit Operations Laboratory
courses and as reinforcements to capstone process/plant design courses is listed in Ap-
pendix G.

REFERENCES

1. Carden, J.L.: Hazardous Matenals Report prepared under Purchase Order No. 83-2104, Division of Training
and Manpower Development, NIOSH, Cincinnati, OH (1984).

2. Olsen, K.R.: Hazard Communication. Chem. Eng. 94(5):107-110 (1987).

3. U.S. Department of Labor: Chemical Hazard Communication, Publ. No. OSHA 3084 (Rev1sed)
Washington, DC (1987).

, _ SAMPLE QUIZ CIUESTIONS
1.1 What are’ the purposes of the I-Iazard Commumcat:on Standard‘7 How are those
..-objectives accomphshed" : SR . :
2.'What is the minimum 1nformat10n requrred ona label?

3. What are the dlfferences in standards codes, regulatlons and specxﬁcanons‘? What
legal standmg does each. have? - :

. How are voluntary standards developed and used‘7
. What are ‘exposure. 11m1ts‘7 How are they determined; What is a ceiling limit?

6. :What are the differences in the TWA REL, PEL STEL, and IDLH values for
a chermcal" Whrch of these exposure limits are enforceable by OSHA?

*7.. What are the. seven bas1c groups or types of information found in the MSDS for -
2 ,any chemrcal‘? '
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Unit Vil
SAFETY PRINCIPLES FOR UNIT OPERATIONS LABORATORY PROJECTS
— FIRE, MECHANICAL, AND ELECTRICAL HAZARDS —

PURPOSE: i To describe the safety principles associated with good laboratory practice in the Unit
% Operations Laboratory and its supporting shops and other facilities.
It
i
i -
OBJECTIVE: #4 To review and describe the following elements:
1 . .
;ﬁ% 1. Location and use of safety equipment
% 2. Spill cleanup
ﬁfﬁ 3. Fire and explosion protection
wt 4. Fire hazards
% 5. Flammable liquids
o 6. Pressure relief systems
ﬁ% 7. Bonding and grounding
ﬂ% 8. Machinery and machine guarding
i 9. Use of hand and powered tools
% 10. Electrical hazards
HilL

SPECIAL TERMS: 7/ 1. Fire triangle and fire tetrabedron

%22 2. Flammability and explosion limits
i 3. Permissible exposure level

i 4, Threshold limit value

%2 5. Recommended exposure limit

o 6. Flash point

%22 ' 7. Auto-ignition temperature

it 8. Pressure relief valve

o 9. Process interlock

i 10. Grounding

w 11. Bonding ,

i 12. Machine guarding
i 13. Electric shock

i 14. Ventricular fibrillation
% 15. Cardiac arrest
s 16. Ground-fault circuit interrupter
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LOCATION AND USE OF
SAFETY EQUIPMENT

Spill kits

Students must know
location and use of all
safety equipment

FIRES AND
PROTECTION*

The fabrication stage of laboratory experiment instruction projects will usually be done
in the department or in other shops. The students and technicians working in those areas
need immediate access to a first aid kit; a shock blanket; respirators for use when saw-
ing, drilling, machining, and grinding; fire extinguishers (all types); and personal pro-
tective equipment such as face shields or goggles, hearing protection, and the appropriate
types of gloves for welding and electrical work. The only respirators likely to be needed
are those specifically for oil mist, wood dust, painting, and fumes. All such respirators
must have the appropriate NIOSH approval number. Because of the many respirator
models availabie, the laboratory director should talk to the manufacturers’ technical serv-
ice group (not the local sales representative) for information on specific applications.
The 800 number for the technical service group should be available from the salesman,
the Thomas Register, or the annual business/product indices volumes printed by various
trade associations involved in safety, health, and air pollution control.

Spill kits should consist prima;'ily of oil sorbents. Materials such as sodium bicarbonate
to neutralize spills of acid cleaning solutions used in welding should also be included.

The erection stage of experiment construction will be carried cut in the laboratory. Even
if the students are working on the first experiment of the school year, they must know
the location and use of all safety equipment in the laboratory. Those details are covered
in Section V of this module. '

Fires are of two general types: surface and flame. (Explosions are special cases of the
sudden and violent onset of flame fires in vapors.) Surface fires, represented by the ““fire
triangle’” (Figure VII-1 [a]), occur on the exposed surfaces of the fuel. They do not
involve the formation of free radicals. In a flame fire, however, the successive stages
of combustion proceed through the rapid formation and combustion of free radicals. Flame
fires involve the direct combustion of a gaseous fuel, whether premixed or as a diffuse
cloud, and the components, represented by the *‘fire tetrahedron’ (Figure VII-1[b]),
are fuel, air, energy, and chain reactions.

No fire can start unless all elements of the fire triangle or fire tetrahedron shown in Figure
VII-1 are present: fuel, oxygen (or an oxidant), heat (or energy, as a spark), and free
radicals, depending on the type of fire. The most common source of laboratory and store-

Air(Oxygen)

(a) (b)

" Figute VII-1. The fire triangle (a) and the fire tetrahedron (b).

From (a): Zabetakis, M.G.: “‘Fire Safety,”’ Safety Manual No. 13, Mine Safety and Health Administra-
tion, U.S. Dept. of Labor, Washington, DC (1976).
(b) McElroy, F.E.: Accident Prevention Manual for Industrial Operations, 8th ed., pp. 624-626.
National Safety Council, Chicago, IL (1980).

*Taken in part from Zabetakis, M.G.: Fire Safety, Safety Manual No. 13, Mine Safety and Health Administration, U.S. Dept. of Labor, Washington,

DC (1976).
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Ignition sources

Classes of fires

Color codes for fire
extinguisher classes

room fires is flammable vapors. In shops, the most likely sources are oily rags, oil-based

~ paints and enamels or lacquers, and wood dust or shavings.

The source of ignition (the heat or energy) can be sparks, including static electricity,
open flames, open heaters and other hot surfaces, friction, exothermic reactions, and
smoking. Many causes, including carelessness, can be eliminated by rigorous enforce-
ment of safety rules. The only way to minimize carelessness is by being on the alert
for it and constantly correcting the offender.

Fires are classified into four groups:

Class A—those fires that involve ordinary combustible materials such as wood, coal,
plastics, paper, and cloth. They are best extinguished by cooling with water
or by blanketing with certain dry chemicals.

Class B—those fires that involve vapors above flammable or combustible liquids
such as gasoline, diesel fuel, kerosene, and grease. They are best ex-
tinguished by excluding air or by special chemicals that interrupt or guench
the combustion chain reactions.

Class C—those fires that involve combustible materials in electrical equipment. They
are extinguished by nonconducting extinguishing agents such as carbon
dioxide and certain dry chemicals.

Class D—those fires that involve combustible metals such as magnesium, titanium,
zirconium, sodium, and potassium. They are extinguished by special ex-
tinguishing agents designed for such applications.

Extinguishers are labeled with special color-coded symbols to indicate the class or classes
of fires on which they can be used. The letter corresponding to each class is often placed
in a field of a specified color and shape as shown in Figure VII-2:

Class A—green triangle, Class C—blue circle, and
Class B—red square Class D—green star.

Multipurpose extinguishers carfy the label of each class of fire on which they can be
used (e.g., AB, ABC). Further, extinguishers are often labeled to indicate their ex-
tinguishing capacity (e.g., 1A, 2A) based on standardized tests developed by Under-

* writers’ Laboratories, Inc. The applications and general requirements of portable fire

extinguishers are described in 29 CFR 1910.157, Portable Fire Suppression Equipment.

A Class A Ordinary combustibles: green
{wood;coal; paper]

B Class B Flammable liquids: red
[gasoline; diesel fuel; kerosene]

@ Class C Electrical: blue

ﬁ ClassD Metals: green
[magnesium, titanium]

Figure VII-2. Labels for classes of fire extinguisher.

From: Zabetakis, M.G.: “Fire Safety,”” Safety Manual No. 13, Mine Safety and Health Administration,
Washington, DC (1976).
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Water as an
extinguishing agent

When not to use water

If one of the elements of the fire triangle or fire tetrahedron is missing, a fire cannot
occur. If one element can be removed, the fire will go out. Flame fires can be extinguished
if the chain of formation and combustion of free radicals in the vapor state can be inter-
rupted. This quenching can be accelerated by capturing the free radicals with large in-
organic ions (such as K*) in dry powder extinguishers. Another way to suppress a flame
fire is by the decomposition of halogenated agents into free radicals that preferentially
react with the free radicals produced by the combustion of the fuel.

Removal is the principle behind all fire extinguishers. Just as water can, in many cases,
be used to extinguish a fire by eliminating the heat, portable extinguishers act by diluting
or partially displacing the oxygen supply (carbon dioxide and Halon types), or by form-
ing a barrier (dry powder types) between the combustible material and the other elements
of the fire, or by breaking the free radical chain in flame fires (Halon types).

The extinguishing agents are expelled from hand-held portable extinguishers by a hand
pump (for water); a compressed gas stored in the extinguisher (water, dry chemical,
and on occasion, Halon 1211 and 1301); a small auxiliary pressurized cartridge of car-
bon dioxide or nitrogen (dry chemical, dry powder); or the vapor of the liquid ex-
tinguishing agent itself (carbon dioxide, Halon 1211 and 1301). The characteristics of
portable fire extinguishers are shown in Table VII-1.

Table VH-1
Portable Fire Extinguisher Characteristics*

Fire Extinguishing Available Horizontal Discharge

class agent sizes range, ft. time, sec.
A ‘Water 1.5-5 gal 30-40 45-180
A, B Foam 1.25-2.5 gal 35 35-60
AB,C Ammonium phosphate 2-31b 3-20 8-25
B,C Carbon dioxide 2.5-201b 2-4 15-30
B,C Potassivm bicarbonate 2-30 Ib 5-20 8-25
B, C Potassium chloride 2-30 Ib 5-20 8-25
B, C Potassium 17-19 15-30 26-30

bicarbonate/urea

B,C Halon 1211 251b 4-6 8-10
B, C Halon 1301 2-4 1b 8-12 8-12

*From: Zabetakis, M.G.: “‘Fire Safety,”” Safety Manual No. 13, Mine Safety and Health Administration,
U.S. Dept. of Labor, Washington, DC (1976).

Water is the most important extinguishing agent available. It can be used as a solid stream,
spray, or foam, depending on the nature and location of the fire. Water usually works
by cooling the surface (removing the heat component) of the burning material. In some
cases, it also tends to block the flow of air (removing the oxygen component) to the
fire zone if used as a foam or spray that is converted to steam by the fire. Foams can
be used to carry water to normally inaccessible places.

As a general rule, water is not used to fight fires of low-flash-point liquids such as gasoline,
electrical fires, or fires involving water-reactive materials such as carbides and metallic
sodium. An exception to this rule is the use of foams to fight fires above flammable
and combustible liquids and to blanket fuel spills so as to confine the fuel vapors and
prevent a fire,
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Carbon dioxide as an
extinguishing agent

Dry chemicals as
extinguishing agents

Halons and their
problems

Phosgene is a
decomposition product

Metal fire extinguishing
agents

FIRE HAZARDS .
Categories of fire
hazards

Flame action

Dangers of heal

Carbon dioxide is widely used to extinguish electrical fires and fires above flammable
liquids. Because carbon dioxide is a nonconductor of electricity, it can be used to fight
fires in energized electrical equipment. It is a heavier-than-air gas and thus tends to spread
throughout the fire area. '

Carbon dioxide works primarily as a diluent of the air brought into the fire zone; as
such, it effectively blocks the flow of oxygen. To a lesser extent, it also acts as a cooling
agent. Carbon dioxide “‘snow’” and gas released from an extinguisher are quite cold
(about —110°F). Carbon dioxide, however, is not effective against fires in materials
such as ammonium nitrate that do not need air to burn or in certain metals such as sodium
and magpesium that may react with the carbon dioxide. Because of its role in respira-
tion, carbon dioxide cannot be tolerated by the body in even moderate amounts.

Commercial dry chemicals are ordinarily made up of one or more of five basic powders:
sodium and potassium bicarbonate, urea/potassium bicarbonate, potassium chloride, and
monoammonium phosphate. These chemicals are fairly stable and nontoxic. Silicones
and other additives are usually added to these chemicals to improve their storage and
flow characteristics. Dry chemicals are used primarily in fighting Class B and C fires.
Certain mixtures are, however, also used against Class A fires. Dry chemicals act quickly
to extinguish a fire by coating and smothering it and by interfering with the chemical
reactions in the fire zone.

The Halons have been used as fire extinguishing agents for a number of years. Unfor-

tunately, many of them are toxic and also produce toxic decomposition products at the
elevated temperatures encountered in fires, For this reason, carbon tetrachloride (Halon
104), chlorobromomethane (Halon 1011}, and methyl bromide (Halen 1001) are no longer
used in fire extinguishers. However, bromochlorodifluoromethane (Halon 1211) and
bromotriflucromethane (Halon 1301) are now used against both Class B and C fires,
particularly in fixed installations.

Both Halon 1211 and Halon 1301 are gases at room temperature. Easily liquefied and

stored as liquids at elevated pressures, they are extremely effective fire extinguishing.

agents, because they interfere with the chemical reactions in the fire zone. They do,
however, decompose in a fire to produce carbonyl chloride (phosgene) and other toxic
gases, and must therefore be used under carefully controlled conditions.

Many materials, available for use against metal fires, are designed for specific applica-
tions and are commercially available, proprietary mixtures. Often, materials such as talc,
graphite powder, sodium chloride, sand, and dolomite have been used to isolate and cool
metal fires. These materials and the commercial dry powders should be handled only
by experienced personnel.

Fire hazards are usually grouped into four categories: those associated with flames, heat,
fire gases, and smoke. A fifth hazard may arise in enclosed areas: the depletion of ox-
ygen. Fires in enclosed areas are especially hazardous not only because they produce
heat and toxic products but also because they consume the oxygen in the surrounding air.

Most burning materials produce flames, aithough many flames are almost invisible to
the naked eye. The most common colors of flames are violet, blue, green, yellow, orange,
red, and mixfures of these colors. The colors and temperatures of flames depend on the
nature of the burning materials and on any contaminants, such as dust, in the air. All
flames are potentially dangerous; they can produce burns and can act as ignition sources
either on contact or by convection and radiation, at a distance. They can propagate free-
ly through gas mixtures or remain relatively fixed above burning liquid or solid fuels.

The heat produced in a fire causes adjacent layers of combustible material to ignite and
thus spreads the fire. Further, fire heats the surrounding air. Exposure to such hot air
may lead to heat exhaustion, respiratory problems, and death. Air temperatures as high
as 300°F can be tolerated, but only for short periods.
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Fire gases, smoke

FIRE PREVENTION
GUIDELINES

Trash, oily waste

Isolation and storage
cabinets

Use least flammable
and toxic materials
possible

Chemieal substitutions

Gases formed as a result of a fire include carbon dioxide and carbon monoxide, both
of which are extremely dangerous: carbon dioxide because of its role in respiration and
carbon monoxide because of its toxicity. Most fire deaths are caused by these gases (and
by other fire gases such as acrolein, hydrogen sulfide, and the oxides of nitrogen) and
not directly by flames or heat. Because the effects of such gases are often delayed, any
person who escapes from a fire zone should be hospitalized. Fire gases formed from
combustibles such as wood, fabrics, plastics, coal, oil, and grease are usually accom-
panied by liquid droplets, tarry particles and carbon, known as ¢‘smoke.’’ These aerosol
particles tend to impair vision and create a health hazard. Further, they may absorb the
fire gases and become more toxic.

Fire prevention is the most important part of any fire safety program. That program,
possibly more than any other, demands the complete cooperation of all persons in any
way connected with the Unit Operations Laboratory course(s). Whenever modifying ex-
isting facilities or designing a new laboratory, the corresponding guidelines for laboratory
design should be consulted.?

Proper attention must be given to housekeeping, particularly to the segregation and disposal
of combustible trash. The area around each experiment should be constantly policed by
the group so that no combustible material is available in trash cans, even in the halls,
where a carelessly discarded cigarette or match might start a fire. Metal, not plastic,
trash containers should be used to avoid toxic fumes from burning plastic if a fire starts
in a waste can. Oily wastes should not be mixed with wood wastes.

Isolation of the elements of the fire triangle through proper use and storage techniques
is essential. Although open shelves can be used for nonhazardous chemicals, lockable
cabinets must be used for toxic substances. Flammable liquids must be further segregated
into lockable steel storage cabinets. The space between double walls must be filled with
insulation to reduce heat transfer from surrounding areas. Such cabinets are preferably
located outside the building in a secured location. Toxic chemicals that have been opened
must be stored in an exhaust-ventilated cabinet or in a fume hood dedicated to storage only.

Other common-sense rules in laboratory and storage arrangement involve separating (by
shelf or, better, by cabinet) acids and bases, oxidizers and flammable liquids, oxidizing
and combustible gases; using ventilated storage compartments and/or facilities; etc. The
amounts of flammable liquids that can be stored in the laboratory (ready-use supplies)
may be limited by the provisions of 29 CFR 1910.106. If more restrictive state or local
codes exist, they should be followed in the interests of fire prevention, even if the col-
lege/university is not legally bound by those codes. The fire hazard properties of flam-
mable liquids, gases, and volatile solids can be found in NFPA 325M issued by the Na-
tional Fire Protection Association.

Reagents, solvents, and other chemicals having the lowest possible flammability and tox-
icity should be used for laboratory experiments and associated analytical work. In some
cases, however, alternative, less hazardous analytical methods are not available. The
NIOSH compendium of laboratory analytical methods should be used as a source of high-
quality, reasonably safe procedures.? Other suitable sampling and analysis procedures
can be found among those developed by EPA, ASTM, the Water Pollution Control Federa-
tion, etc.

In many cases, changes can be made in the chemicals used in an experiment to decrease
the hazards. The water-air-ammonia system can be substituted for the water-air-hydrogen
chloride system. In many extractions, 1-butanol can be substituted for methanol. Flam-
mable catrier solvents with high vapor pressures may, on occasion, be replaced by mineral
oil in liquid-liquid extractors. The most inert, lowest vapor pressure, least flammable,
lowest toxicity materials possible should always be used. If such materials will not satisfac-
torily perform in existing laboratory equipment, the equipment should be modified or
replaced as soon as possible with apparatus that can use such low-hazard materials to
demonstrate chemical engineering principles.
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Solvent substitutions

Fume hood face velocily
requirement and its
verification

Explosion-proof
electrical fittings, etc.

Fire safety information
sources

FLAMMABLE LIQUIDS

Care must be taken with all such substitutions, as a change in solvent to decrease the
flammability hazard may possibly expose the students to a different, more toxic solvent.
Consider the data below for methyl-isobutyl ketone (MIBK) and acetone.

MIBK Acetone
flash point ‘ 64°F 0°F
lower explosive limit 1.2% 2.6%
upper explosive limit - 8.0% 12%
auto ignition temperature 840°F 869°F
OSHA PEL 100 ppm 1000 ppm
ACGIH TLV (1988-8%9) 50 ppm 750 ppm
NIOSH REL (1989) 50 ppm 250 ppm

A change from acetone to MIBK would decrease the fire hazard by raising the flash
point and decreasing the size and location of the flammable/explosive range in air. Such
a change would also increase the effect of any potential exposure during the experiment.
By all three measures, exposure to MIBK is at least five times more toxic than exposure
to acetone, and requires a corresponding increase in the quality of engineering controls
and other protective measures if MIBK is substituted for acetone as a means of reducing
the fire hazard.

All reactions should be conducted in properly designed bench-top or walk-in fume hoods
that have been certified by the campus safety or health officer as having at least a 100
feet per minute hood face velocity at installation. Verification of the velocity must be
done annually by college/university safety office personnel and by each group conduct-
ing an experiment for which a hood is required. Verification of the average face velocity
by a hot-wire anemometer, micro-pitot-tube, or other device can be incorporated into
many fluid-flow experiments, particularly experiments involving cooling towers and those
determining fan performance curves.

Depending on the nature of the reactions or separations involved, the use of explosion-
proof electrical fittings, switches, and motors may be required. They are much more
expensive than standard electrical fittings or motors. Explosion-proof fittings, etc., are
required when the local concentration of flammable material is greater than one-fourth
the lower explosion limit (LEL) in air. This situation should never occur as a part of
routine Unit Operations Laboratory work as the LEL usually represents an atmospheric
concentration one thousand-fold higher than the permissible exposure limit (PEL).

The campus fire marshal can assist the laboratory director in determining whether such
explosion-proof electrical fittings, etc., are required. If he/she cannot provide the needed
expertise, many other sources are available: the fire marshals and safety officers of the
companies who hire the department’s graduates and those who provide organized plant
trips for student groups. The laboratory director should not hesitate to use his/her pro-
fessional contacts to help provide a safer environment for the students. The laboratory |
director should also be able to obtain help from the nearest chapter or section of the
American Society of Safety Engineers, the state health department, and loss prevention
experts at major insurance carriers providing workers’ compensation insurance to the
campus. The fire safety programs at Oklahoma State University and the University of
Maryland may be contacted for assistance on an advisory basis.

Any liquid that gives off flammable vapors at temperatures below 100°F at atmospheric
pressure is known as a flammable liquid. Any liquid that gives off flammable vapors
at temperatures of 100°F or higher is known as a combustible liquid. The lowest
temperature at which such liquids form flammable vapor-air mixtures is known as the
“*flash-point.”” At this temperature, the vapor concentration corresponds roughly to the
lower limit of flammability. As with flammable gas mixtures, however, flammable vapor-
air mixtures must be ignited before they will burn. Elevated temperatures are needed
for spontaneous ignition to occur. The definitions of the classes of combustible and flam-
mable liquids are shown in Figure VII-3. Common liquids in the various classes are
listed in Table VII-2.
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Flash Point (°F)
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Figure VII-3. Classes of flammable and combustible liquids.

Adapted from internal working document developed by Occupational Safety and Health Branch, Divi-
sion of Safety, National Institute of Health, Bethesda, MD.

Table VII-2
Usual Classes of Some Flammable/Combustible Liquids*

Flammable Combustible
Class 1A Class 1B Class 1C Class II
(boiling point < 100°F) (boiling point >100°F) :
Acetaldehyde Acetone Amyl acetatet Diesel fuel
Amylene (1-pentene) Allyl acetone Banana oil (isoamyl acetate) Fuel oil
2-Butyne Butyl acetatet Butyl alcohoi Kerosene
1-Chloropropylene - Denatured alcohol Isobutyl alcohol Stoddard solvent
2-Chloropropylene Ethyl acetatet Methallyl alcohol Anchor type car wash
Collodion Ethyt alcohol Methyl butyl ketone Mineral spirits
Ethylamine Ethyl butyl ether Methyl isobutyl ketone Jet fuels (Jet A & JP 5 & 6)

Ethyl chloride
Ethylene oxide
Ethyl ether

Ethyl nitrite

Formic acid

Furan

Isopentane

Isoprene
Isopropenynl acetylene
Isopropylamine
Isopropyl chloride
Methy! ethyi ether
Methyl formate
Pentane

1-Pentene (amylene)
Petroleum ether
Propylene oxide
Vinyl ethyl ether

Gasoline (all)
Gin (ethy! alcohol)
Heptane
Hexane
Isobutyl acetate

_ Isopropyl alcohol
Isopropyl ether
Methyl acetate
Methy! alcohol
Methyl ethyl ketone (MEK)
Methy! propyl ketone
Methyl vinyl ketone
Naphtha V.M. &P
Toluene (toluol)
Toluolt
Jet fuels (Jet B & JP 4)

Vinylidene chloride (dichloroethylene)

Propyl alcohol
Styrene
Turpentine
0-Xylene

Xylol (o-xylene)

0.6% Manganese naphthanate

—all liguid
0.6% Cobalt naphthanate—all liguid
Zirco catalyst 0.6% drier
Nuxtralead 0.36%
Troykyd anti-skin 0.13%

*From: Flammable Standards Workshop, Course No. 110-10, OSHA Training Institute, Des Plaines, IL (1989).
T Lacquer thinner js made up of various percentages of these chemicals.
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Temperature effects on
flash point -

Solvent vapors and fire
flashback

PRESSURE RELIEF
SYSTEMS

When a liquid is placed in a closed container, its vapor exerts a pressure on the container
walls. As the vapor pressure of the liquid changes exponentially with temperature, the
concentration of vapor above a liquid in the closed container can be reduced by cooling
or increased by heating. To prevent the formation of undesired flammable mixtures,
liquids exposed to air should be kept at temperatures below their flash points. Where
spray or mist can form, the student should use a fire-resistant fluid since sprays and mists
of flammable and combustible liquids can burn at temperatures below the flash point.
Reducing the operating temperature, will reduce the hazards associated with the use of
flammable chemicals, and reducing the pressure will reduce those hazards associated
with leaks. The effect of temperature on the flammability limits of combustible vapors
in air'is shown in Figure VII-4.

* Saturated vapor-
g air mixtures
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Figure VII-4. Effect of temperature on limits of flammability
' combustible vapor in air.

From: Zabetakis, M.G.: *‘Fire Safety,”” Safety Manual No. 13, Mine Safety and
Health Administration, U.S. Dept. of Labor, Washington, DC (1976)?

Most flammable liquids have relatively heavy (high density) vapors. Vapor trails have
been known to ignite at a distance and flash back to the source of the vapors. Numerous
deaths have been caused by the careless use of gasoline and other low-flash-point solvents
(e.g., cleaning fluids) and by the fueling of gasoline engines in enclosed areas by people
unaware of the tendency of heavy vapors to flow down and away from the fuel container.

Pressure relief systems are incorporated in process and experimental systems to protect
the equipment and ancillary piping from failure due to pressures above the design operating
limits. The relief system, usually a rupture disc or a valve, must discharge to a safe
place. In a process plant, such systems commonly vent to a flare if flammable, toxic,
or carcinogenic substances are involved. In the Unit Operations Laboratory, since car-
cinogens and highly toxic substances should not be used, the relief system can discharge
to a closed system. In an emergency, the discharge may be to a fume hood and from
there, outside the building at an elevated level. Care must be taken so that no such
discharge can be inducted into the building fresh air supply. The conditions under which
such external venting can be permitted have been described.? Numerous references for
the design of relief systems are available.*1!
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Process interlocks

LEAKS

Negative-pressure
systems

GROUNDING AND
BONDING

Ground defined

Bonding defined

Although process interlocks are rarely found in laboratories, such safety systems are
vital components of all good designs. A safety interlock or alarm is ‘‘any equipment
or series of equipment whose proper functioning is essential to prevent or indicate hazard-
ous process conditions that might endanger personnel or equipment.*’!2 Each interlock
must be tested regularly by using a completely detailed written procedure. Process in-
terlocks, if properly used, greatly decrease the probability that a malfunction will go
undetected, that a segregated and tagged item of equipment will be returned to service,
that all the precautions for ‘‘hot work’” or entry into a confined space will not be taken,
etc. When installed on or between parts of a system, process interlocks can initiate
shut-down sequences in the event that process conditions are such that an emergency
would otherwise occur. The care with which such interlocks are designed and incor-
porated into operator-controlled and computer-controlled processes is possibly more
demanding than that required for the process itself. In the laboratory setting, safety in-
terlocks are installed on experiments so that if a critical component (e.g., water flow
to a reflux condenser) fails or runs wild (reboiler temperature controller locks ““on””),
the experiment will be shut down safely.

As in process plants, leaks will occur in laboratory situations. Process leaks can resuit
from sampling, from material charging into batch reactors, or from filter presses. In
the plant situation, leaks can occur when any equipment is opened or purged before

maintenance. Leaks also occur during waste handling. Fugitive leaks (around valve stems

and agitator shafts, from incompletely tightened tubing fittings, ‘or from incorrectly
assembled seals or loose flanges, etc.) can occur almost anywhere, Leaks due to materials
handling in the laboratory result largely from dumping a bottle or other container of
a liquid into a tank, open mixing, size reduction, or screening. After the leak has been
located, the necessary repairs and/or maintenance should be effected by the shop techni-
cian, the teaching assistants (if qualified), or even the laboratory director. Under no cir-
cumstances should students be allowed to perform maintenance on any part of any ex-
periment except under direct supervision of a qualified person.

Whenever the contaminants or experimental materials are highly toxic, the entire system
should be operated under a negative pressure. In that way, any leaks will be inboard
instead of into the laboratory. This approach should also be followed for any comminu-
tion, screening, dry blending, or pneumatic material transport unit operation. The use
of negative pressure will keep the experimental materials inside the system and result
in less general cleanup later.

All vessels containing flammable and/or explosive materials (liquids and dusts) and all
transfer devices (pumps, conveyors, etc.) must be grounded to minimize the possibility
of disaster as a result of stray currents, differences in electrical potential between dif-
ferent parts of the system, and/or static electricity. Grounds consist of effective, large-
diameter conductors between the vessel or apparatus and the earth. A multi-strand braided
conductor or a single large-diameter conductor may be used. Either should have suffi-
ciently low resistance so that stray currents will more readily flow through the ground
loop than through the equipment. As the cold water system is buried in the soil,-cold
water pipes make excellent grounds. The OSHA grounding requirements are in 29 CEFR
1926. (See also, Functions of grounding in ELECTRICAL HAZARDS, below.)

When transferring flammable and/or explosive materials from a fixed storage container
to another container for transportation, an electrical bond must be established between
the two vessels (See Ref. 13, pp. 402-406). The reverse is also true, e. g., in pouring
or pumping a flammable solvent from a 5-gallon can into a feed tank. Bonds or *‘bond-
clips”’ are made from heavy-gauge conductors with heavy-duty alligator, bear-paw, or
post connectors at each end. Metal-to-metal contact must be made at each end of the
bond, even if that necessitates scraping away some paint on the experimental apparatus.
No material transfer may be made unless the grounds and bonds are in place.
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MACHINERY AND
MACHINE GUARDING*

Moving machinery areas
to be sateguarded

Types of hazardous
mechanical motion

Rotating motion

In-running nip-points

Many types of injuries ranging from minor lacerations to crushed or severed limbs, blind-
ness, and death can result from the misuse of machines such as table saws, drill presses,
band saws, grinders, etc.™ If students have access to such machinery while construct-
ing their equipment, they must receive adequate instructions in the use and limitations
of each itermn and the machines must be fitted with the proper guards. Since many dif-
ferent types of models of machines are found in departmental shops, this module cannot
address specific instructions or machines—only the basic principles of machine guard-
ing are addressed with some examples. Manufacturers should be contacted to obtain copies
of missing operating instructions and information on guarding. Many older machines
will need to be retrofitted with guards as described in current OSHA and ANSI stan-
dards. Additional information can be obtained from the nearest OSHA area office. The
laboratory director can learn if an on-site consultation visit can be arranged through the
state consultation program.

A good rule to remember is that any machine part, function, or process that may cause
injury must be safeguarded. Mechanical hazards occur in three basic arcas where
dangerous moving parts need safeguarding. These areas are

1. the point of operation: that point where work is performed on the material, such
as cutting, shaping, boring, or forming of stock;

2. power transmission apparatus: all components of the mechanical system that
transmit energy to the part of the machine performing the work including
flywheels, pulleys, belts, connecting rods, couplings, cams, spindles, chains,
cranks, and gears; and

3. other moving parts: all parts of the machine that move while the machine is working
including reciprocating, rotating, and transverse moving parts, as well as feed
mechanisms and auxiliary. parts of the machine.

Hazards may also be categorized by the type of mechanical motions and actions pres-
ent. These hazards can include the movement of rofating members, reciprocating arms,
moving belts, meshing gears, cutting teeth, and any parts that impact or shear. These
different types of hazardous mechanical motions and actions are basic to nearly all
machines. Recognizing them is the first step toward providing protection from the dangers
they present. The basic types of hazardous mechanical motions and actions are

1. Motions
e rotating (including in-running nip points),
e reciprocating,
s transverse, and

2. Actions
* cutting
* punching
¢ shearing
¢ bending

Rotating motion can be dangerous. Even slowly rotating smooth shafts can grip clothing,
and through mere skin contact, force an arm or hand into 2 dangerous position. Contact
with rotating parts can cause severe injuries. Collars, couplings, cams, clutches, flywheels,
shaft ends, spindles, and horizontal or vertical shafting are some examples of common
rotating mechanisms that may be hazardous. The danger increases when bolts, nicks,
abrasions, and projecting keys or set screws on rotating parts are exposed.

In-running nip-point hazards are caused by the rotating parts on machinery. There are
three main types of in-running nips. Parts can rotate in opposite directions while their
axes are parallel to each other. These parts may contact (producing a nip point) or be
close to each other. In the latter case, the stock fed between the rolls produces the nip

#Taken, in part, from U.S. Department of Labor: Concepts and Techniques of Machine Guarding, Publ. No. OSHA 3067. Washington, DC (1980).
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Reciprocating motion

Transverse motion

Cutting

Punching, shearing,
kending

Six requirements for
mechanical hazard
safeguards

points. This danger is common on machinery with intermeshing gears, rolling mills,
and calenders. Another nip point is created between rotating and tangentially moving
parts. Some examples would be the point of contact between a power transmission belt
and its pulley, a chain and a sprocket, or a rack and pinion. Nip points can occur be-
tween rotating and fixed parts where a shearing, crushing, or abrading action is created.
Examples are spoked handwheels or flywheels, screw conveyors, or the periphery of
an abrasive wheel and an incorrectly adjusted work rest.

Machines with reciprocating motions other than powered hacksaws are not likely to be
found in a chemical engineering shop. These motions are hazardous because an individual
may be struck by or caught between a moving and stationary part during the machine’s
back-and-forth or up-and-down motion. '

Transverse motion is movement in a straight, continuous line such as a belt on a puliey.
Transverse motion creates a hazard because an individual may be struck or caught in
a pinch or shear point by the moving part.

Cutting action involves rotating, reciprocating, or transverse motion, The danger of cut-
ting action exists at the point of operation where finger, head, and arm injuries can oc-
cur and where flying chips or scrap material can strike the eyes or face. Such hazards
are present at the point of operation in cutting wood, metal, or other materials. Typical

examples of mechanisms involving cutting hazards include bandsaws, circular saws, bor-.

ing or drilling machines, turning machines (lathes), or milling machines.

Punching, shearing, and bending actions are more apt to be done by hand rather than
by machine in a chemical engineering shop, which decreases the hazard. In these ac-
tions, the danger occurs at the point of operation where stock is inserted, held, and
withdrawn by hand.

To provide protection against mechanical hazards, safeguards must meet minimum general
requirements:

1. Prevent contact: The safeguard must prevent hands, arms, or any other part of
a person’s body from making contact with dangerous moving parts. A good
safeguarding system eliminates the possibility of the machine operator or another
person placing their hands near hazardous moving parts.

2. Be secure: Students should not be able to easily remove or tamper with the
safeguard. A safeguard that can easily be made ineffective is no safeguard at all.
Guards and safety devices should be made of durable material that will withstand
the conditions of normal use. They must be firmly secured to the machine.

3. Protect from falling objects: The safeguard should ensure that no objects can fall
~ into moving parts. A small tool that is dropped into a cycling machine could easi-
ly become a projectile that could strike and injure someone.

4. Create no new hazards: A safeguard defeats its own purpose if it creates a hazard
of its own such as a shear point, a jagged edge, or an unfinished surface that
can cause a laceration; e.g., the edges of guards should be rolled or bolted in
such a way that they eliminate sharp edges.

5. Create no interference: Any safeguard that impedes a person from performing
the job quickly and comfortably might soon be overriden or disregarded. Proper
safeguarding can relieve the operator’s (whether student or technician) apprehen-
sions about injury.

6. Allow safe fubrication: If possible, one should be able to Jubricate the machine
without removing safeguards. Locating oil reservoirs outside the guard, with a
line leading to the lubrication point, will reduce the need for the operator or techni-
cian to enter or to insert any part of his/her body into the hazardous area.
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Other hazards Although this section concentrates attention on concepts and techniques for safeguard-
ing mechanical motion, machines obviously present a variety of other hazards that can-
not be ignored. Full discussion of these matters is beyond the scope of this module, but
some nonmechanical hazards are briefly mentioned below to remind the reader of things,
other than safeguarding moving parts, that can affect the safe operation of machinery.

Power sources, high When using electrically powered or controlled machines, the equipment as well as the

pressure electrical system itself must be properly grounded. Replacing frayed, exposed, or old
wiring will also help protect the operator and others from electrical shocks or electrocu-
tion. Just as all power sources for machinery are potential sources of danger, and must
be checked before use, high pressure systems, too, need careful inspection and
maintenance to prevent possible failure from pulsation, vibration, or leaks. Such a failure
could cause explosions or flying objects.

Noise Machines often produce noise (unwanted sound), which can result in a number of hazards.
Not only can noise startle and disrupt concentration, but it can interfere with communica-
tions, thus hindering safe job performance. Research has linked noise to a whole range
of harmful health effects, from hearing loss and aural pain to nausea, fatigue, reduced
muscle control, and emotional disturbances.!5-17 Engineering controls (such as the use

" of sound-damping materials) as well as less sophisticated hearing protection (such as
ear plugs and muffs) have been suggested as ways of controlling the harmful effects of
noise. Vibration, a related hazard that can cause noise and thus result in fatigue and ill-
ness, may be avoided if machines are properly aligned, supported, and, if necessary,
anchored.,

Toxic materials Because some machines require the use of cutting fluids, coolants, and other potentially
harmful substances, operators, maintenance workers, and others in the vicinity may need
protection. These substances can cause ailments ranging from dermatitis to serious ill-
nesses and disease. Specially constructed safeguards, ventilation, and protective equip-
ment and clothing are possible temporary solutions to the problem of machinery-related
chemical hazards until these hazards can be better controlled or eliminated.

Hazardous condition A checklist that can be used to identify hazardous conditions in shops or other areas
checklist where machines are used is included as Exhibit VIL.1.
Operator training Even the most elaborate safeguarding syster cannot offer effective protection unless the

operator knows how to use it and why. Specific and detailed training is therefore a crucial
part of any effort to provide safeguarding against machine-related hazards. Thorough
operator training should involve instruction or hands-on training involving

1. a description and identification of the hazards associated with particular machines;

2. the safeguards themselves, how they provide protection, and the hazards for which
they are intended;

3. how to use the safeguards and why;

4. how and under what circumstances safeguards can be removed and by whom (in
most cases, repair or maintenance personnel only); and

5. what to do (e.g., contact the shop technician or laberatory director) if a safeguard
is damaged, missing, or unable to provide adequate protection,

Engineering controls Effective engineering design should be implemented to eliminate as many of the machinery
’ hazards as possible. Engineering controls that both eliminate exposure to the hazard at
the source and that do not rely on the operator’s behavior for their effectiveness offer
the best and most reliable means of safeguarding against any remaining exposure hazards.
Whenever an extra measure of protection is necessary, however, operators must wear
protective clothing or personal protective equipment (PPE).
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Exhibit VII.1. Checklist for Machine Safeguarding*

Answers to the following questions should help the interested reader determine the safeguarding needs of
his or her own workplace, by drawing attention to hazardous conditions or practices requiring correction.

Requirements for All Sateguards

- Do the safeguards provided meet the minimum OSHA requirements?

. Do the safeguards prevent workers’ hands, arms, and other body parts from making.
contact with dangerous moving parts?

. Are the safeguards firmly secured and not easily removable?

. Do the safeguards ensure that no objects will fall into the moving parts?

- Do the safegnards permit safe, comfortable, and relatively easy operation of the
machine?

. Can the machine be oiled without removing the safeguard?

. Is there a system for shutting down the machinery before safeguards are removed?

. Can the existing safeguards be improved?

W W =

0~

Mechanical Hazards

The point of operation:

. Is there a point-of-operation safeguard provided for the machine?

. Does it keep the operator’s hands, fingers, body out of the danger area?

. Is there evidence that the safeguards have been tampered with or removed?

- Could you suggest a more practical, effective safeguard?

- Could changes be made on the machine to eliminate the point-of-operation hazard
entirely? :

(¥ TSI S

Power transmission apparatus:

1. Are there any unguarded gears, sprockets, pulleys, or flywheels on the apparatus?
2. Are there any exposed belts or chain drives?

3. Are there any exposed set screws, key ways, collars, etc.?

4. Are starting and stopping controls within easy reach of the operator?

5. If there is more than one operator, are separate controls provided?

Other moving parts:

1. Are safeguards provided for all hazardous moving parts of the machine, including aux-
iliary parts?

Nonmechanical Hazards

1. Have appropriate measures been taken to safeguard workers against noise hazards?

2. Have special guards, enclosures, or personal protective equipment been provided, where
necessary, to protect workers from exposure to harmful substances used in machine
operation?
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[y
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Electrical Hazards

_Is the machine installed in accordance with National Fire Protection Association and

National Electrical Code requirements?

. Are there loose conduit fittings?
. Is the machine properly grounded?

Is the power supply correctly fused and protected?

. Do workers occasionally receive minor shocks while operating any of the machines?

Training

. Do operators and maintenance workers have the necessary training in how to use the

safeguards and why?

. Have operators and maintenance workers been trained in where the safeguards are

located, how they provide protection, and what hazards they protect against?

. Have operators and maintenance workers been trained in how and under what cir-

cumstances guards can be removed?

_ Have workers been trained in the procedures to follow if they notice guards that are

damaged, missing, or inadequate?

Protective Equipment and Proper Clothing

. Is protective equipment required?
. If protective equipment is required, is it appropriate for the job, in good condition,

kept clean and sanitary, and stored carefully when not in use?

. Is the operator dressed safely for the job (i.e., no loose-fitting clothing or jewelry)?

Machinery Maintenance and Repair

. Have maintenance workers received up-to-date instruction on the machines they service?
. Do maintenance workers lock out the machine from its power sources before begin-

ning repairs?

. Where several maintenance persons work on the same machine, are multiple lockout

devices used?

. Do maintenance persons use appropriate and safe equipment in their repair work?
. Is the maintenance equipment itself properly guarded?

NN

N

o
a

IR

From: Concepts and Techniques of Machine Guarding. Publication No. OSHA 3067, U.S. Dept. of Labor, Washington, DC (1980).
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PPE requirements and
hazards

HAND AND POWERED
TOOLS*

Misuse

Training required

Precautions

If it is to provide adequate protection, the selected protective clothing and equipment
must always be

1. appropriate for the particular hazards;

2. maintained in good condition;

3. properly stored when not in use to prevent damage or loss; and
4. kept clean and sanitary.

Note that protective clothing and equipment itself can create hazards. A protective glove
that can become caught between rotating parts or a respirator facepiece that hinders the
wearer’s vision, for example, require alertness and careful supervision whenever they
are used. Other aspects of the operator’s dress may present additional safety hazards.
Loose-fitting clothing might possibly become entangled in rotating spindles or other kinds
of moving machinery. Jewelry, such as bracelets and rings, can catch on machine parts
or stock and lead to serious injury by pulling 2 hand into the danger area.

Although most students will recognize that using a machine such as a table saw is
dangerous, they often overlook the hazards!® associated with hand and powered tools.
Since students are much more apt to be using these tools, they must learn to recognize
the hazards associated with the different types of tools and the safety precautions necessary
to prevent these hazards.

Hand tools are nonpowered and include anything from axes to wrenches. The greatest
hazards posed by hand tools result from misuse and improper maintenance. Some ex-
amples of misuse are
1. using a chisel as a screwdriver or using a screwdriver as a chisel may cause
the tip of the chisel or screwdriver to break and fly, hitting the user or other
individuals; .
2. using a tool, such as 2 hammer, with a loose, splintered, or cracked handle may
cause the head of the tool to fly off and strike the user or another person; or
3. using a wrench if its jaws are sprung may cause it to slip and crush the user’s
hand or strike the user’s face.

Students should be trained to select the right hand tool for the job and to inspect it for
defects before use. They should be cautioned to direct saw blades and other tools away
from aisles and other students working close by. Around flammable substances, sparks
produced by iron or steel hand tools can be a dangerous ignition source. Where this hazard
exists, spark-resistant tools made from brass, plastic, alominum, leather, or wood must
be provided and their use required.

Powered tools can also be hazardous when improperly used. The following general precau-
tions should be addressed when reviewing power tool safety with students:

1. Never carry a tool by the cord or hose.

2. Never yank the cord or hose to disconnect the tool from the receptacle.
3. Keep cords and hoses away from heat, oil, and sharp edges.
4

. Disconnect tools when not in use, before servicing, and when changing ac-
cessories such as blades, bits, and cutters.

5. Keep all observers at a safe distance from the work area.

6. Secure work with clamps or a vise, freeing both hands to operate the tool.

7. Avoid accidental starting; do not hold a finger on the switch button while carry-
ing a plugged-in tool.

8. Maintain tools with care. For best performance, keep tools sharp and clean.
Follow instructions in the user’s manual for lubricating and changing accessories.

*From U.S. Department of Labor: Hand and Power Tools, Publ. No. OSHA 3080 (rev.) Washington, DC (1986).
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Guards

Safety switches

Electrical hazards

Grounded tools

Work practices for
electric tools

Abrasive wheel tools

9. Keep good footing and maintain balance when using a power tool.

10. Wear proper apparel; loose clothing, ties, or jewelry can become caught in mov-
ing parts. :

11. Remove all portable electric tools that are damaged, and tag them DO NOT
USE. Identify the problem on the tag.

Just as with larger powered machines, hazardous moving parts of a power tool need
to be safeguarded. For example, portable circular saws must be equipped with guards.
An upper guard must cover the entire blade of the saw. A retractable lower guard must
cover the teeth of the saw, except when it makes contact with the material being cut.
The lower guard must automatically return to the covering position when the tool is
withdrawn from the work. Safety guards must never be removed when the tool is being
used. Guards should protect the operator and others from the point of cperation, in-running
nip points, rotating parts, and flying chips and sparks.

Safety switches ensure that powered tools can be readily turned off when necessary. The
following hand-held powered tools must be equipped with a momentary contact (““dead
man’’) “‘on-off’’ control switch: drills, grinders with wheels larger than 2 inches in
diameter, disc sanders, belt sanders, reciprocating saws, saber saws, and other similar
tools. (These tools may also be equipped with a lock-on control provided the same finger
or fingers that turn it on can turn it off with a single motion.) Hand-held powered tools
such as circular saws, chain saws, and percussion tools without positive accessory holding
means must be equipped with a constant pressure switch that will shut off the power
when the pressure is released. :

Students using electric tools must be made aware of several dangers, the most serious
of which is the possibility of electrocution. Among the chief hazards of electric-powered
tools are burns and slight shocks, which can lead to injuries or even heart failure. Under
certain conditions, even a small amount of current (50 milliamps) can result in fibrilla-
tion of the heart and eventual death. A shock can also cause the user to fall off a ladder
or other elevated work surface. (See also ELECTRICAL HAZARDS, below.)

To protect the user from shock, tools must either have a three-wire cord with ground
and be grounded, be double insulated, or be powered by a low-voltage transformer. Three-
wire cords contain two current-carrying conductors and a grounding conductor. One end
of the grounding conductor connects to the tool’s metal housing. The other end is grounded
through a prong on the plug. Anytime an adapter is used to accommodate a two-hole
receptacle, the adapter wire must be attached to a known ground. The third prong should
never be removed from the plug. Double insulation is more convenient. The user and
the tools are protected in two ways: by normal insulation on the wires inside, and by
a housing that cannot conduct electricity to the generator in the event of a malfunction.
(See also, Functions of grounding, below.)

The following general practices should be observed ‘when using electric tools:
1. Electric tools should be operated within their design limitations.
2. Gloves and safety footwear are recommended while using electric tools.
3. When not in use, tools should be stored in a dry place.
4. Pneumatic, not electric, tools should be used in damp or wet locations.
5. Work areas should be well-lighted.

Powered abrasive grinding, cutting, polishing, and wire buffing wheels create special
safety problems because the tools may throw off flying fragments. Before an abrasive
wheel is mounted, it should be inspected closely and sound- or ring-tested to be sure
that it is free from cracks or defects. To test wheels, tap them gently with a light
nonmetallic implement. If the wheel sounds cracked or dead, it could fly apart in opera-
tion and must not be used. A sound and undamaged wheel will give a clear metallic
tone or ‘‘ring.”’
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ELECTRICAL HAZARDS*
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Ultimate ground

To prevent the wheel from cracking, the user should be sure it fits freely on the spindie.
The spindle nut must be tightened enough to hold the wheel in place, but not tight enough
to distort the flange. The manufacturer’s recommendations must be followed. Care must
be taken to ensure that the spindle wheel will not exceed the abrasive wheel specifica-
tions. Because a wheel can disintegrate (explode) during start-up, the user should never
stand directly in front of the wheel as it accelerates to full operating speed.

Portable grinding tools need to be equipped with safety guards to protect the user not
only from the moving wheel surface but also from flying fragments in case of breakage.
Permissible guards for fixed grinding tools depend on the type of use. OSHA standards
(29 CFR 1910.215) should be consulted to determine the type of guard required. Tool
rests must be kept within 1/8-inch of the wheel to prevent the work from being jammed
between the wheel and the rest and, perhaps, prevent the wheel from breaking. The tongue
guard must not be more than 1/4-inch from the wheel. In addition, when using a powered
grinder, always use eye protection, and turn off the power to the grinder when it is not
in use.

Students using hand and powered tools are exposed to the hazards of falling, flying,
abrasive, and splashing objects, or exposed to harmful dusts, fumes, mists, vapors, gases,
or noise. They must not only be provided with the particular PPE necessary to protect
them but must also be required to use it. All hazards involved in the use of hand and
powered tools can be prevented by following five basic safety rules:

1. Keep all tools in good condition with regular maintenance.

2. Use the right tool for the job.

3. Examine each tool before use.

4. Operate tools only according to the manufacturer’s instructions.
5. Provide and require the use of the correct PPE.

In addition to electric power tools, other types of tools include pneumatic, liquid fuel,
hydraulic, and powder-actuated. Each of these types has special safety precautions that
should be followed during use. Since these types of tools will probably not be used in
an institutional setting except by experienced contractors, they will not be specifically
addressed in this module. If required, safety information can be obtained from the
manufacturer or nearest OSHA office.

One of the constant *‘battles’ in any shop/laboratory situation is keeping tools from ‘walk-
ing off.”” Any tools borrowed from the shop must be checked out with a specific student
being responsible. Frequently used small hand tools (e.g., wrenches, pliers, etc.) can
be kept in the laboratory area for ready access. These small tools can be checked out
to a lab group, or students can be required to purchase them. A central tool box can
also be used but with greater risk of losses. Storing tools on wall-mounted holders, with
each tool outlined, allows rapid selection of tools and a rapid check that all tools have
been replaced before the end of the laboratory period.

All Unit Operations Laboratory students have had electricity and magnetism sections
in physics courses and probably one or two applied electrical engineering courses in-
volving circuits and machinery. They should be required to review the concepts of cir-
cuits and grounds whenever possible electrical hazards exist. A circuit is a complete
loop. Electric current can flow only if it returns to its source, i.e., completes the circuit.
The path through which the current returns to its source is called the “‘return”’ or ground.
The reason for the term *‘ground”’ is that the earth is used—literally—to provide the
return path no matter what distance separates the equipment from the power source.
Ground connections in the laboratory are normally made to the cold water system as
its components provide a reliable, low-resistance path for contact with the earth.

*Taken, in part, from U.S. Department of Labor: Controlling Electrical Hazards, Publ, No. OSHA 3075 (rev.), Washington,, DC (1986) or
from U.S. Department of Labor: Ground-Fault Protection on Construction Sites, Publ. No. 3007 (tev.), Washington, DC (1987).
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Shock occurs when the body becomes a part of the circuit with current entering the body
at one point and leaving at another.® Shock normally occurs in one of three ways. The
person must come in contact with both wires of the electrical circuit; with one wire of
an energized circuit and the ground; or with a metallic part that has become “‘hot™ by
being in contact with an energized wire, while the person is also in contact with the ground.

The severity of the shock received when a person becomes a part of an ¢electrical circuit
is affected by three primary factors: the amount of current flowing through the body
(measured in amperes); the path of the current through the body; and the length of time
the body is in the circuit. Other factors that may affect the severity of shock are the

frequency of the current, the phase of the heart cycle when shock occurs, and the general

health of the person before the shock. The effects from electric shock depend upon the
type of circuit, its voltage, resistance, amperage, pathway through the body, and dura-
tion of the contact. Effects can range from a barely perceptible tingle to immediate car-
diac arrest.

Although there are no absolute limits or even known values that show the exact injury
from any given amperage, Table VII-3 shows the general relationship between the degree
of injury and amount of amperage for a 60-cycle hand-to-foot path of 1 second’s dura-
tion of shock. As this table illustrates, a difference of less than 100 milliamperes exists
between a current that is barely perceptible and one that can kill. Muscular contraction
caused by electrical stimulation may not allow the victim to free himself/herself from
the circuit, and the increased duration of exposure increases the dangers to the shock
victim. For example, a current of 100 milliamperes for 3 seconds is equivalent to a cur-

- rent of 900 milliamperes applied for 0.03 second in causing fibrillation. The so-called

low voltages can be extremely dangerous because, all other factors being equal, the degree
of injury is proportional to the length of time the body is in the circuit. LOW VOLTAGE
DOES NOT IMPLY LOW HAZARD!

A severe shock can cause considerably more damage to the body than is visible. There
may be internal hemorrhages and destruction of tissues, nerves, and muscles. In addi-
tion, shock may be only the beginning in a chain of events; the final injury may well
be from a fall, cuts, burns, or broken bones. Electric shock can also cause injuries of
an indirect or secondary nature in which involuntary muscle reaction from the electric

Table VII-3
Effects of Electrical Current in the Human Body* §

Current Reaction
1 Milliampere Perception level; just a faint tingle.
5 Milliamperes Slight shock felt; not painful, but disturbing. Average

individual can let go. Strong involuntary reactions to
shocks in this range can, however, lead to injuries.

6-25 Milliamperes (women) Painful shock, muscular control lost. This is called freez-

9-30 Milliamperes (men) ing current or the “‘let-go’’$ range.

50-150 Milliamperes Extreme pain, respiratory arrest, severe muscular con-
tractions.} Individual cannot let go. Death is possible.

1-4.3 Amperes § Ventricular fibrillation (the rhythmic pumping action of

the heart ceases). Muscular contraction and nerve damage
occur. Death is most likely.

10+ Amperes Cardiac arrest, severe burns, and probable death.
* From: Controlling Electrical Hazards, Publ. No. 3075, U.S. Dept. of Labor, Washington, DC
(1986).

+ A 60-cycle, hand-to-foot path lasting 1 second.

+ If the extensor muscles are excited by the shock, the person may be thrown away from the circuit.

§ Where shock durations involve longer exposure times (5 seconds or greater) and where only
minimum threshold fibrillation currents are considered, theoretical values are often calculated
to be as little as 1/10 the fribrillation values shown.
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shock can cause bruises, bone fractures, and even death resulting from collisions or falls.
In some cases, injuries caused by electric shock can be a contributory cause of delayed
fatalities.

The most common electric-shock-related injury is burn. Burns suffered in electrical ac-
cidents may be of three types: electrical burns, arc burns, and thermal contact burns.
With electrical burns, when electrical current flows through tissues or bone, the heat
generated by the current flow damages tissue. Electrical burns are one of the most serious
injuries and should be given immediate attention. Arc or flash burns are the result of
high temperatures close to the body produced by an electric arc or explosion. They should
also be attended to promptly. Finally, thermal contact burns are those normally experi-
enced when the skin comes in contact with hot surfaces of overheated electrical conduc-
tors, conduits, or other energized equipment. Additionally, clothing may be ignited in
an electrical accident, and a thermal burn will result. All three types of burns may be
produced simultanecusly.

Electrical accidents appear to be caused by any one or any combination of three possible
factors: unsafe equipment, unsafe installation, or both; workplaces made unsafe by the
environment; and unsafe work practices. Possible ways to protect people from the hazards
caused by electricity include insulation, guarding, grounding, mechanical devices, and
safe work practices.

One way to safeguard individuals from electrically energized wires and parts is through
insulation. An insulator is any material with high resistance to electrical current. Insulators,
such as glass, mica, rubber, and plastic, are put on conductors to prevent shock, fires,
and short circuits. When preparing to work with electrical equipment, the insulation should
be checked before making a connection to a power source to be sure there are no exposed
wires. The insulation of flexible cords, such as extension cords, is particularly vulnerable
to damage.

Live parts of electric equipment must be guarded to prevent accidental contact. Live
parts may be guarded by

1. locating in a room, vault, or similar enclosure accessible only to qualified persons;
2. using permarent, substantial partitions or screens to exclude unqualified persons;

3. locating on a suitable balcony, gallery, or platform elevated and arranged to ex-
clude unqualified persons; or

4. elevating 8 feet or more above the floor,

Entrances to rooms and other guarded locations containing exposed live parts must be
locked and marked with conspicuous warning signs forbidding unqualified persons to
enter.

Grounding is another way to provide protection from electric shock; however, it is nor-
mally a secondary protective measure. By grounding a tool or electrical system, a low-
resistance path to the earth through a ground connection or connections has been inten-
tionally created. When properly done, this path offers sufficiently low resistance and
has sufficient current-carrying capacity to prevent the buildup of voltages that may result
in a personnel hazard. This precaution does not guarantee that no one will receive a shock,
be injured, or be killed. It does, however, substantially reduce the possibilities of such
accidents, especially when used in combination with other safety measures.

A ground-fault circuit interrupter (GFCI) is a fast-acting circuit breaker that senses small
imbalances in the circuit caused by leakages to ground.?® When the leakage exceeds 5
* 1 milliamperes, the GFCI interrupts the circuit quickly enough to prevent electrocu-
tion, in some cases in as little as 1/40 second. This protection is required in addition
to, not as a substitute for, normal grounding requirements. Circuits for systems involy-
ing or using wet processes (fInid-flow experiments, heat exchangers, cooling towers,
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evaporators, etc.) should be equipped with GFCT’s. That practice is also required for
extension cords even if plugged into permanent wiring. Details of the OSHA standard
for GECI use are in 29 CFR 1926.404(b)(1)(ii)-

Students working with electrical equipment must use safe work practices. All students
must know how to shut off power to a piece of equipment by using either the power
switch on the equipment or the circuit breaker. Circuit breakers or switch boxes must
be secure but readily accessible. Each circuit must be clearly labeled as to the equipment
or area that it activates. Students need to know how to use the master electrical switch
under emergency conditions. (The circuits should be checked to ensure that room lighting
is on a separate box.) Students should be taught the ‘‘left-hand rule.”” Anytime they
prepare to turn the master switch back on, especially after changing a fuse, they should
stand to the side, face the wall instead of the box, and use their left hand to push the
switch back on. In this way, if the box explodes when power is restored, they are less
likely to suffer severe burns to the face or even death. ‘

The accidental or unexpected sudden starting of electrical equipment can cause severe
injury or death. Before ANY inspections or repairs are made—even on the so-called low-
voltage circuits—the current should be turned off at the switch box and the switch pad-
locked in the OFF position. At the same time, the switch or controls of the machine
or other equipment being locked out of service should be securely tagged to show which
equipment or circuits are being worked on. Lockouts and tagouts should be removed
only by the person(s) who installed them.

All electrical components and equipment must be inspected before use. Frayed or worn
wiring and extension cords; cracked plugs, switches, ot receptacle and switch-plate covers;
missing grounds; and two-wire to three-wire plug adaptors with missing ‘‘pigtails’’ or
ground prong all render the device or system unfit for use until repairs have been made,
Only qualified personnel can make repairs: shop technicians or persons (teaching
assistants, the laboratory director) certified as competent by an electrician. Chemical
engineering students are not usually qualified to make repairs to or construct electrical
equipment.

Students must immediately report any unsafe electrical conditions to prevent an accidental
shock. Damaged or unauthorized extension cords must be taken out of service immediate-
ly. Students must shut off power at the breaker before disconnecting a damaged cord.
To ensure that someone else does not use equipment with a damaged power cord, the
plug can be clipped off with a pair of wire cutters. Because most damage occurs at the
plug, the electrician will repair it anyway. As noted above,’ all electrical work must be
done by experienced personnel. Equipment to be repaired should be tagged out and repairs
verified before reuse.
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- ‘trance Velomty ‘be affected by these factors? -
13.
14,
15.
: crrcumstances? R
" What is a process mterlock‘? How and why are they used" Descrlbe an 1nterlock
- with which you are familiar and tell how it works. - Ce
“17. What general enterla are used to select’ protectrve clothmg and equlpmentr’
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“the laboratory? :
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" from shock? : :
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SAMPLE QUIZ QUESTIONS

.. Define the followmg terrns LEL UEL autogenous combustlon temperature

: _ﬂammable mixture: ‘

. How should ox1dants and ﬂammable chemlcals be stored in the Unit Operatlons B
,Laboratory"' : : :

: How can’the formatron of undes1rab1e ﬂammable rmxtures be avorded" ,

. What are the pnncrpal categones and sources of leaks in the- Umt Operatrons.;
"Laboratory" k :

. Describe the d1fference between e groundmg” and “bondmg ” When is each'
used? , o _ :

. How does the ’ ‘left-hand rule” protect you when you are operatmg hlgh—energy
-¢lectrical swrtches" : : _

. What is the “‘fire tnangle’?” ~ .

. How are portable fire extinguishers selected? What type(s) of extmgulsher shouldf
“be used on the following types of fires: o
-a) smouldenng trash in a metal waste-can? T

" bya burning pool of liquid (type unknown) on the bench top or on the floor?

<) sparkmg in the 220-volt switchbox serv1cmg the d:strllatron column?

K What types of ﬁre extmgmsher ‘would: not be appropnate for those fires?

. Why must you never use a carbon dioxide or- Halon fire extlngmsher to put out
. the fire in someone’s hair? :

10:
‘1T,

What types of procedures must be carned oitina laboratory fume hood? Why‘? k

‘Explain the differences between “capture’ > and *“transpoit’” velocities with regard:,'
- to'boods. What is the minimum face velocrty reqmred for laboratory fume hoods‘?_i '

How is this velocity: measured‘? ,
What external factors affect the proper use: of fume hoods" How-can the en- :

How should all power cords be unplugged‘? What do you do if there is any visi-

ble damage to the extension cord.or plugs. you need to use for your expenment‘? :

Why is a two- or four-plug box on the end of an extension cord not acceptable J

for Iaboratory (or home) use"

What is a pressure—rehef dev1ce‘? How and why ‘is it. used. under norrnal-,

‘What types of ha;ards are assocnated with the use of eleetrrc-powered tools in

What factors affect the severrty of an electrlc shock? In general,’ what is the

‘What' precautrons should be taken to protect yourself and your group from an
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PURPOSE:

OBJECTIVE:

SPECIAL TERMS:

Unit VIll
INDUSTRIAL HYGIENE IN THE UNIT OPERATIONS LABORATORY

i To briefly review the general concepts of industrial hygiene affecting safety and health
A in the Unit Operations Laboratory. |
Hilr f,

i To discuss the general principles of industrial hygiene and the need for applying those

e principles to the laboratory situation.

%25 1. Identification, evaluation, and control of health hazards
%2 2. Routes of entry ‘

it 3. Noise exposure evaluation

e 4, Material safety data sheets

il 5. Chemical exposure evaluation

i 6. Personal protective equipment

i 7. Chemical handling, transport, and storage

ity 8. Waste disposal
o 9. Chemical spills

] 1. Chemical agents

it 2. Biological agents

i 3. Work environment

i 4. Epidemiology

s 5. Dose-response curve (ogive)
i 6. Route of exposure

i 7. Dermatitis

i 8. Chronic vs. acute exposure
i 9. Chemical pneumonitis

i 10. Pulmonary edema

i 11. Necrosis

i 12. Asphyxia

i 13. Cilia

i 14. Hair cells

o 15. Threshold shift

il 16. Time-weighted-average

i 17. Detector tube

i 18. Substrate .,
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Industrial hygiene is the science of protecting the health of individuals through control
of the work environment. The scope of industrial hygiene is threefold: recognizing the
source of health problems, evaluating the workplace, and developing corrective/control
techniques. It begins with the recognition of health problems within the workplace,
Some of the more frequently encountered causes of these problems are

1. chemical agents—liquids, dusts, fumes, mists, vapors, or gases;

. physical energy—electromagnetic and ionizing radiations;

. noise and vibration;

. temperature and pressure extremes;

. biological agents—insects, mites, molds, yeasts, fungi, bacteria, and viruses; and

N bW N

. others—monotony, repetitive motion, excessive loads, anxiety, and fatigue, etc.

These stresses must all be evaluated in terms of their danger to life and health as well
as their influence on the natural bodily functions.

The second activity encompassed within the scope of industrial hygiene is that of evalua-
tion. The “‘work atmosphere’” must be evaluated in terms of long-range as well as short-
range effects on health. This evaluation can be done by compiling knowledge, experience,
and quantitative data.

Finally, industrial hygiene includes developing corrective measures or control tech-
niques to eliminate existing problems. Many times these control procedures will include

1. reducing the number of persons exposed to the problem,

. replacing harmful or toxic materials with less dangerous ones,
. changing work processes to eliminate or minimize exposure,

. adopting new ventilation procedures, »

. increasing distance and time between exposures to radiation,

. introducing water to reduce dust emissions,

. practicing good housekeeping, and

O~ N L kW N

. providing proper protective equipment.

The Unit Operations Laboratory director/instructor should rely not only on his/her own
expertise in these situations, but also that of the college/university safety and health staffs
and that of industrial hygienists, who can evaluate the laboratory environment for actual
or potential hazards. Input should be sought whenever a new experiment is being developed
or an existing experiment modified (change of chemicals, temperature, pressure, etc.)
in any way that could allow or cause an unsafe situation to arise. If such qualified per-
sonnel are not available on campus, they can usually be obtained on request from many
of the corporations who regularly hire the Department’s graduates. Such persons, whether
industrial hygienists or safety professionals, will form the core of available expertise
when the students have left the college/university setting and enter the workplace.

All chemicals can be toxic to man under the right conditions, even some, such as water,
not normaily considered toxic. A ‘‘harmless’” chemical can evoke a toxic response in
a biological system if added in a sufficient amount. Conversely, for a chemical normally
thought to be “‘toxic,”” there is a minimal concentration that will produce no toxic effect

[exceptions to this rule-may be some carcinogens such as asbestos). The toxic potential

of a chemical is thus expressed by the relationship between the amount (the dose) of
a chemical and the produced response.

Animal studies and epidemiological data are used to establish safe exposure limits for
chemicals. These limits are continually being revised by ACGIH, NIOSH, and OSHA
as more is learned about the actions of chemicals, especially as a result of chronic ex-
posures. OSHA has recently revised its existing air contaminants standard, 29 CFR
1910.1000, by reducing the permissible exposure limit (PEL) on 212 previously reg-
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Unit VIII—Industrial Hygiene in the Unit Operations Laboratory

ulated chemicals and setting PELs for 164 new substances.! All laboratory personnel
and students should be aware that the absence of published exposure limits does not im-
ply that a material is safe. Such a situation only means that the material has not been
tested, or if it has, that the report has not been issued or that the research is incomplete.

When a chemical is being evaluated, animal studies are initially done to establish the
range of responses (from ‘‘no effect’” to ‘‘death of all animals™) to the administration
of a chemical. These data are used to plot a dose-response curve (an ogive) relating
percent mortality (ordinate) to dose administered (abscissa). From this curve, the dose
that will produce the death of 50% of the animals can be calculated. This value is com-
monly abbreviated as LDsg (lethal dose). It should be accompanied by an explanation
of the species of experimental animal used, the route of administration of the compound,
the vehicle used to dissolve or suspend the material if applicable, the time period over
which the animals were observed, and a statement of the error of the estimated value,
such as the probability range or confidence limits. If inhalation is the route of exposure,
the dose is expressed as the concentration of the material in the air and the length of
the exposure time is specified. In this case, the term LCso (lethal concentration) is used
to designate the concentration in air that may be expected to kill 50% of the animals
exposed for the specified length of time.

The laboratory director will obviously want to keep any exposures to a minimum.
Understanding how chemicals can enter and affect the body is very important since the
intensity of toxic action is a function of the concentration of the toxic agent that reaches
the site of action. The route of exposure can influence the concentration reaching the
site of action. In terms of effects, the most important route toxic chemicals can enter
the body is through inhalation. The large surface area of the lungs (equivalent to 2 basket-
ball court) and the close association with the vascular system (essentially two cells separate
the air and blood) make rapid uptake possible. This situation is desirable with respect
to oxygen, but very harmful when solvent vapors are involved.

The second most important route of entry is contact with the skin and eyes. The mucous
membranes and vascular bed of the eyes facilitate uptake of toxic vapors and gases. Toxic
particles will be flushed into the nose through the tear ducts where they can be swallowed.
Although skin is an effective barrier for many things, it is not perfect. In general, ab-
sorption of inorganic substances, including water, is negligible. On the other hand, ab-
sorption of fat-soluble substances (main]y organic compounds) is fairly rapid. Most
substances that are both water- and fat-soluble, e.g., amines and nitriles, penetrate so
rapidly that the rate of absorption is comparable to that of gastrointestinal or even
pulmonary absorption. Substances that are readily absorbed, such as dimethyl sulfoxide
(DMSO), can act as a carrier for other molecules that would not ordinarily be able to
penetrate the skin. If the integrity of the skin is altered through abrasion or dermatitis,
many substances that normally would be repelled by intact skin will be absorbed.

Overt ingestion is not a frequent method of uptake but may occur accidentally through
foolish mouth-pipetting or foolish use of food and drink containers to store chemicals.
This route of entry can be significant in the case of chemicals such as lead, which can
be absorbed faster than it is eliminated. Chronic exposure through poor hygiene prac-
tices can result in toxic levels being reached. Students must always wash their hands
when leaving the laboratory and, of course, no eating, drinking, or smoking should be
allowed in the laboratory. Covert ingestion occurs when the cilia lining the respiratory
tract sweep trapped particles up to where they are swallowed. Absorption can then oc-
cur from the gastrointestinal tract.

A wide variety of health effects can result from exposure 10 chemicals depending on
the rate and route of exposure and the toxic effects to the body. If a material is taken
into the body at a rate sufficiently slow that the rate of excretion and/or detoxification
keeps pace with the intake, it is possible that no toxic response will occur, even though
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the same total amount of material taken in at a faster rate would be lethal. Hydrogen
sulfide is a good example of such a material.

Chemicals can affect every system of the body. Many solvents will affect liver chemistry
since the liver is a primary detoxification site. Solvents may also cause narcosis through
action on the central nervous system. Acute poisonings will be quickly apparent, but
some chemicals have long-term effects, e.g., carcinogens or teratogens (causing birth
defects). Obviously, any carcinogenic chemical, such as benzene, or any mutagenic or
teratogenic chemical should not be used in the Unit Operations Laboratory.

Similar health effects are often common to similar chemical families, with the low
molecular weight compounds usually, but not always, being the most toxic (due to faster
absorption rates). Until the laboratory director can obtain a material safety data sheet
(MSDS) for a specific chemical, he/she can often get a general indication of toxicity
and health effects from the MSDS of a related chemical. Remember that PELs and
threshold limit values (TLVs) are not absolute indicators of safety. Each person responds
differently to chemical exposures, and some individuals are sensitive to very low levels.
Many chemicals such as styrene, methylamine, and formaldehyde are sensitizers; ex-
posures even to low levels may cause individuals to have very strong reactions to even
minute traces.

In addition to physiological effects on body systems, chemicals can also have physical
effects. After repeated and prolonged contact, substances that have a solvent or emulsi-
fying action can produce a dry, scaly, and fissured dermatitis. Students should never
be allowed to use solvents to clean their skin and should be required to use gloves suitable
for the solvents to which they may be exposed. Acids or alkaline-soluble gases, vapors,
and liquids may dissolve in the aqueous protective film of the eye, in mucous membranes
of the nose and throat, or in sweat and cause irritation at those sites. Direct contact with
strong acids or bases can cause immediate tissue damage. This damage is also the reason
that induction of vomiting is contraindicated because additional tissue damage will result
from the second contact, which may lead to perforation of the esophagus. The resulting
scarring of the esophagus can lead to long-term and even life-threatening consequences.

Physical contact with excessive amounts of substances can directly irritate the lungs and
gastrointestinal tract. This situation can result in inflammation of and reflex constriction
of respiratory passages with resultant coughing and choking, vomiting, or diarrhea.
Solubility is an important factor in determining the site or irritant action in the respiratory
system. Highly soluble substances such as ammonia mainly affect the upper respiratory
tract. Insoluble materials such as nitrogen dioxide primarily affect the lung. The direct
contact of liquid aromatic hydrocarbons with the lung can cause chemical pneumonitis
with pulmonary edema, hemorrhage, and tissue necrosis. Therefore, if these materials
are ingested, the induction of vomiting is contraindicated because of possible aspiration
of the hydrocarbon into the lungs.

Inert gases such as nitrogen can lead to serious and often fatal effects simply by physical
displacement of oxygen, which leads to asphyxia. Chemical asphyxiants such as carbon
monoxide render the body incapable of utilizing an adequate oxygen supply. Since car-
bon monoxide binds more tightly with hemoglobin than oxygen, simply removing an
individual from a contaminated atmosphere may not be adequate to prevent death.

In addition to the health effect of exposure to chemicals, the effects of noise exposure
must also be considered.?-3# Prolonged exposure to high noise levels will result in per-
manent hearing loss. Unfortunately, there is generally no pain or discomfort associated
with the damage to the ears so significant loss can occur before a person realizes it.
Therefore, consistent use of hearing protection is very important.

Sound waves in the air are converted by the eardrum and the bones of the middle ear
into waves in the fluid filling the inner ear. This movement causes a membrane to vibrate
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against hair-like protrusions (cilia) from the ‘‘hair cells.”” Stimulation of hair cells
generates a nervous impulse to the brain, which interprets the sound. Exposure to ex-
cessive noise levels causes damage to the hair cells. Sometimes this damage is reversible
as in the case of a temporary threshold shift. The cilia of the hair cells are ““bent over’’
similar to mashing down grass by walking on it. When this threshold shift occurs, more
energy is required to stimulate the hair cells, i.e., the threshold of hearing has been shifted,
hence the name. When the ear is no longer exposed to excessive noise, the cilia will
gradually *‘recover’’ to an upright position.

Hearing threshold shift With repeated exposure to excessive noise, the hair cells lose their ability to recover
and are eventually destroyed. This results in a permanent hearing threshold shift. How
quickly the damage occurs depends on the level and duration of the sound. The effect
of noise on the hair cells can be compared with the effect of walking on a carpet. No
difference in wear can be seen from one day to the next, but eventually the carpet will
become threadbare in traffic areas.

Hearing loss Because of the way the ear is constructed, hearing loss as a result of noise exposure
occurs first at high frequencies, generally around 4,000 Hz, which is above the speech
range of 500 to 2000 Hz. In a hearing conservation program, annual audiograms are
made to look for this first “‘symptom’* of noise damage. If exposure to excessive noise
is allowed to continue, the area of loss will expand until it reaches the speech range.
Since the loss is not uniform across all frequencies, reception becomes garbled and can-
not be improved just by increasing the volume with a heating aid. Even newet hearing
aids that selectively amplify different frequencies cannot restore normal hearing.

MATERIAL SAFETY MSDSs are developed by chemical manufacturers to meet the requirements of OSHA's

DATA SHEETS hazard communication standard, Chemical manufacturers, importers, and distributors
are required to send a MSDS with the first shipment of a chemical to a commercial user.
If new information is received concerning the chemical, the manufacturer must update
the MSDS within 3 months. The revised MSDS must then be sent with subsequent
shipments.

Information available The MSDS can be used to obtain hazard information about chemicals that are being con-
sidered for use in the Unit Operations Laboratory. The information on the MSDS will
allow the laboratory director to compare heaith hazards and physical characteristics so
that he/she can select the safest chemicals to use. Before each experiment, the laboratory
director should require the students to read the MSDSs for chemicals that they will be
using. They should be familiar with the chemical’s hazards, appropriate PPE, and
emergency procedures. Some of the terminology that they will encounter when using
MSDSs has been included in Appendix F.

Emergency use of MSDS A copy of the MSDS for every chemical used in the laboratory should be readily available
in the laboratory area. Students can refer to them when needed, and in the event that
someone is injured by a chemical, the appropriate MSDS can be taken with them to the
emergency room. The MSDS will give the doctor information needed for treatment and
has an emergency number to call for more detailed information.

HAZARD The laboratory (or work) environment is sampled to determine the existence and extent

IDENTIFICATION of any exposures to harmful chemicals or excessive noise. Before any control measures
can be implemented, the source and magnitude of the problem must be identified. Sampling
should be conducted under the ‘“worst case’’ conditions that exist in the laboratory, ex-
cluding an emergency spill. If there is no hazard under the highest exposures that would
normally occur, it can be reasonably assumed that all lesser conditions do not exceed
published OSHA standards or other voluntary guidelines. If there is a hazard, then its
magnitude is known and appropriate safeguards can be designed to protect the students
and the laboratory personnel.

NOISE EXPOSURE ~ Noise exposure can result from mixers, grinders, power tools, steam/air exhaust, fans
EVALUATION and drives, cooling towers and other large apparatus, and local exhaust ventilation systems.
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Noise survey layout

Repeating noise surveys

CHEMICAL EXPOSURE
EVALUATION

Laboratory air
measurement

Use of detector tubes

In most cases, a hand-held sound level meter can be used to evaluate the range of ex-
posures. Since most of thése noise sources will be intermittent, OSHA 8-hour time-
weighted-averages (TWA) will generally not be exceeded unless very high noise levels
are involved (95+ dBA). Compliance, however, with the OSHA noise TWA require-
ment does not mean that precautions should not be taken. Short exposures to high noise
levels can still cause damage—it just takes longer to become evident. Hearing protection
should be mandatory around any operations with noise levels over 90 dBA. Extra pro-
tection can be achieved by instituting this requirement at 85 dBA.

A diagram of the layout of the Unit Operations Laboratory can be used for the noise
survey. Noise level readings can be entered on the layout to show the areas where hear-
ing protection is required. In addition to taking readings in locations where students will
be working with a noisy piece of equipment, the noise levels for students working at
adjacent “‘quiet’ experiments should be checked. They may receive enough carry-over
noise to also require the use of hearing protection.

Noise surveys should be repeated whenever new equipment/procedures are introduced
into the laboratory. They should also be repeated on an annual basis. New equipment
may initially operate below 90 dBA or even below 85 dBA, but as it ages and wears
mechanically, noise levels will increase. Excessive noise levels may, therefore, develop
over a period of time. Excessive and unusual noises, i.e., a belt squeaking, can be an
indication of an impending mechanical breakdown. Many companies include noise and
vibration surveys as part of their preventive maintenance programs. With monthly checks
of mechanical equipment, repairs can be scheduled as part of routine maintenance and
costly emergency shut-downs can be avoided.

A total inventory should be made of all chemicals, reagents, and indicator fluids used
in the laboratory. These items should be categorized with regard to location, quantity,
and the person responsible for the material. With this information, a risk assessment
can be made prior to exposure. Risk is defined as the product of frequency of exposure
and magnitude. The techniques for conducting a risk assessment are presented later in
this module. ‘

Measurements of the air quality in the laboratory are made to determine whether a health
hazard exists, to permit inferences of average and peak exposure levels, and to allow
conclusions to be formulated regarding potential health effects. If the environment is
found to be unsafe, some type of corrective action is required. The type depends on the
toxicity and potential dosage associated with the exposure. If the environment appears
safe with regard to chemical hazards, monitoring should continue at regular intervals.
Monitoring is not the only clue that something is amiss: visible emissions, odors, etc.,
can (and usually do) prompt immediate repairs or instigation of emission control measures.
Some compounds with odors that readily warn the laboratory personnel that there is a
leak are acetic acid (vinegar), butyric and isobutyric acids (rancid butter), hydrogen sulfide
(rotten eggs), C; and C, mercaptans (skunk), and low molecular weight aliphatic sulfides
and disulfides (onion and garlic). Odor thresholds for many compounds are given in Ap-
pendix D.

‘The type of emission and the frequency and duration of the releases will govern the fre-

quency of sampling. The sampling time and volume are governed by the characteristics
of the analyzer and the student exposure pattern. The use of interference-free detector
tubes is often satisfactory. A pump is used to pull a metered amount of air through the
reagent in the tube. The concentration of the chemical in the air is proportional to the
length of stain (color change) in the reagent part of the tube. Multiple samples can usual-
ly be taken using the same tube to increase the sensitivity to low concentrations. The
accuracy of detector tubes can vary by + 25%, so they should be used for screening
purposes only, not for exact measurements. Pumps and detector tubes from different
manufacturers are not interchangeable.
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Substrate sample
collection

Use of personal sanipler
in the laboratory

Requirements of
sampling metheds

EXPOSURE TYPES AND
SOURCES

Exposure source
categories

VENTILATION
REQUIREMENTS

Precise measurement of air concentrations requires collection of a sample for analysis.
The chemical must be collected on a suitable medium or substrate. Many solvents are
adsorbed on charcoal using a low flow (50 to 200 cubic centimeters per minute) pump.
Silica and nuisance dusts are collected on a tared filter, usually after passing the air through
a 1-cm. body diameter cyclone, so that only the respirable fraction reaches the filter.
This type of sampling requires a high-flow pump that can pull 1 to 3 liter per munute.
An industrial hygienist can specify the sampling medium and equipment needed to monitor
airborne concentrations in the laboratory and provide the details of the analysis procedure
and calibration method.

As most chemical engineering laboratory departments have a gas chromatograph available,
concentrated air samples for analysis can be taken using charcoal tubes. These personal
samplers, whether charcoal tubes or passive dosimetry types, are much preferred to area
samples. In all cases, attempts should be made to sample under the worst-case condi-
tions, major spills excluded. If this approach is selected, manufacturers’ literature should
be consulted as an aid to select the particular adsorbent tube required and to select the
desorption solvent. As standard 8-hour OSHA samples are not practical in the laboratory
environment, it must be assumed that the sample value was a ‘‘snapshot’” of student
exposure and was representative of full-shift (full-lab-period) sampling. If the appropriate
exposure limits have been exceeded, corrective action to reduce the hazard must be ef-
fected before that experiment is operated again.

The sampling method selected must be specific to the chemical(s) in question, sensitive,
accurate, require a reasonable sampling time and volume, be inexpensive, and simple
to perform.56 When particulate emissions are involved, filters or total or respirable mass
monitors may be used, as appropriate, for the application. Detector tubes may be used
for ““instant’’ readouts for some airborne toxic chemicals. The use of direct reading in-
struments, in the laboratory situation is desirable but almost certainly prohibitively
expensive.

There are many types of chemical exposures in the laboratory. Equipment leaks, vaporiza-
tion of spills, reactions, and the act of sampling can all lead to airborne emissions. Par-
ticulate emissions are the results of mechanical abrasion, the dispersion of chemicals
existing as finely divided dry powders, catalyst powders, etc. Exposure to liquids may
be caused by high pressure leaks resulting in aerosols. Other types of liquid exposures
are spills, transfers between containers, and sampling. Gases and vapors are primarily
introduced into the Jaboratory environment as the result of refrigerant leaks and inadvertent
losses from cylinders during pressure regulator installation or cylinder changes.

Five categories of exposure sources may be encountered in the laboratory:

1. fugitive emissions from leaks around pump seals, valve stems, agitator shafts,
and gaskets;

2. process leaks, predominantly spills associated with sampling and with filling
the feed tanks for the various experiments;

3. leaks and spills associated with materials handling, primarily liquid transfers;

4. leaks from inadequate maintenance; and

5. leaks associated with waste handling.

Ventilation is an effective method for limiting exposure of students and laboratory per-
sonnel to airborne contaminants. If properly designed and maintained, ventilation systems
can be more effective than many other approaches for preventing overexposure. The
efficacy of such a ventilation system depends less on human error than do most other
approaches, e.g., work practices, special respiratory protection, etc., all of which may
involve human error.
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Types of ventilation
systems

Local exhaust ventilation

Fume hood ventilation
requirements

Ventilation aspects of
fume hoods

Local exhaust ventilation
system design

Local exhaust hood
types

Receiving hoods

There are three types of ventilation:

® Jocal exhaust véntilation,
* general or dilution ventilation, and
¢ natural ventilation.

Local exhaust ventilation is generally preferable to the use of dilution ventilation, which,
in turn, is preferable to natural ventilation. Replacement air is an essential part of any
system.

Local exhaust ventilation systems are used to enclose or partially enclose the contami-
nant source, such as a mixing point, feed tank for an extractor, bench grinder, etc. Systems
of this type are designed to capture the contaminant with as little extraneous airflow as
necessary from the surroundings. Details for the design and testing of local exhaust ven-
tilation are covered in the ACGIH Industrial Ventilation Manual, now in its 20th edi-
tion.” Implementing the designs and fabrication of the systems should always be done
by competent personnel using the most recent edition of the Manual. The performance
of all such devices must be checked before use. A problem at installation is determining
the proper rotation of the fan, especially if it has backward-curved blades. The direction
of rotation is usually shown on the hub of the fan. Other precautions include scrupulous-
ly observing the manufacturer’s specifications for fan rotation speed. Although increas-
ing the fan speed by changing pulley ratios may solve a ventilation problem, excessive
speed may cause the fan wheel to explode.

Separate fans should be installed for each fume hood, and each fume hood should have
a separate exhaust to prevent backflow into another hood. It is mandatory that no fume
hood be in any way connected to the general bujlding ventilation system. If anyone suspects
that such is the case, releasing a small amount of ammonia (25 to 50 milliliters) from
2 household cleaning solution in the suspect fume hood should soon identify the faulty
exhaust system design.

In general, hoods or local exhaust ductwork systems should be designed to function prop-
erly without dampers. The ventilation aspects of fume hoods should be carefully checked.
The face velocity should be at least 100 feet per minute. Care must be taken that material
inside the hoods, glass apparatus, etc., does not interfere with the airflow patterns into
and through the hood. If odors are detected outside the hood, first check the placement
of items inside the hood.

The design principles for a local exhaust ventilation system are those that the students
have had in their fluid mechanics classes: the equivalent length and velocity pressure
methods. The installation of a few pressure gauges in the ductwork or an inclined
manometer with sufficient pressure taps can help the students verify the exhaust system
flow rate or hood performance as a means of reinforcing the concepts taught in earlier
courses.

Local exhaust hoods can be enclosures, receiving hoods, or remote hoods. Enclosures
are vsed to surround hazard sources and may be partial or total. They use little external
air to capture the emissions and move the contaminants into the containment and transport
parts of the system. Booths are used for large-scale operations such as welding or spray
painting—typically shop, not laboratory projects. An unshielded canopy hood is a receiving
hood. All receiving hoods depend on the motion of the contaminant at its release point
and are somewhat inefficient as they must draw in large quantities of air to capture the
emissions. Canopy hoods are used for the control of sudden releases of vapors or for
the control of emissions from hot processes. A remote hood is located some distance
from the point of contaminant emission and depends on airflow for its effectiveness.
As a result, the volume of air required for contaminant capture can be enormous,

Local exhaust hoods of the receiving type may have plain openings or be formed as a
slot. Either type may be flanged to eliminate inward airflow from contaminant-free Zones.,
Increasing the effectiveness of a hood by adding flanges may reduce the air-induction
flow rate by up to 25%.
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Capture velocity for
hoods

Hood design procedures

Dilution ventilation

Dilution and explosion
limits

Replacement air

Natural ventilation
LABELING

- Required chemical label
: information

Emission capture in front of the hood decreases rapidly with distance from the hood en-
trance. For this reason, the hood entrance should be as close as possible to the emission
point. The air intake rate is determined by the distance from the hood opening to the
contaminant source, the toxicity of the material, and the capture velocity, which, in turn,
depends on the nature of the emissions (vaporous or particulate) and, if particles, their
shape. (These factors affect drag coefficient and, hence, settling time, as the students
should remember from settling calculations.) The capture velocity varies from 50 to 100
feet per minute for evaporation from tanks in still air up to 2000 feet per minute in the
case of particles released with a high initial velocity, e.g., from a bench grinder into
essentially still air.’

Design procedures for local exhaust ventilation (hoods) begin with the elimination of
extraneous air currents by physical means or work-practice changes, selecting the type
of hood needed for the specific application, estimating the required velocity to capture
the contaminants, determining the design velocity to prevent settling in the ductwork
if particulate matter is involved, and calculating all the pressure losses (entry, transition
due to size or direction changes, duct) between the hood face and the entrance to the
prime mover. Before the fan or blower can be sized, the pressure drop through the air
cleaning system (cyclone, fabric filter, wet scrubber) must also be determined. In all
cases, the hoods must be located so that the contaminated air is not drawn into or through
the students’ breathing zones. ' :

Dilution ventilation involves mixing the contaminants with sufficient air to reduce the
concentration to a safe level. This approach may be the only feasible method for protect-
ing the students and others in the laboratory from the myriad small leaks plaguing old
and poorly-maintained equipment. Dilution ventilation has at least one major drawback:
the volume of air that must be cleaned before being discharged to the ambient environ-
ment or recycled through the heating, ventilating, and air conditioning (HVAC) system
to the laboratory and other parts of the building. The Industrial Ventilation Manual lists
the dilution volumes required for many common solvents as well as methods to estimate
for liquids not listed.” The dilution depends on the toxicity of the material, its liquid
density, and its TLV.

Although dilution ventilation can be used to reduce the concentration of a flammable

‘vapor to one-fourth its lower explosive limit (LEL), that approach must not be used if

people are exposed to such vapors. The LEL is'many times (200 to 1000) greater than
the PEL. If people are at risk and dilution ventilation must be used, sufficient diluent
air must be provided to reduce the concentration of the contaminant below the PEL.

Replacement air must be provided to replenish the air removed by either type of exhaust
ventilation. The location of the inlets for the replacement air system must be carefully
located so that no contaminated air from fume hoods or other exhausts can be drawn

. into the fresh-air supply.

Natural ventilation occurs because buildings are not airtight. Temperature differences
between the inside and outside environments and pressure due to strong winds, especial-
ly if gusty, can cause a building to *‘breathe.”

All chemical containers in the laboratory should be labeled with the identity of the con-
tents. Solutions prepared in-house should also contain the date prepared, the name of
the person who prepared it, and a disposal date. ' .

Chemical manufacturers are required to ship chemicals with the identity, health hazards,
and physical hazards on the label. Students should be instructed to review these labels

‘and to avoid defacing or removing them. Material should be on hand to prepare a new

label if the original is damaged or lost. The same information must be listed on all new
containers into which the chemical has been dispensed or transferred.
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EQUIPMENY

MSDS gives PPE
requirements

CHEMICAL HANDLING,
TRANSPORT, AND
STORAGE

Acute respiratory
hazards

Absorbable solvents

Chemical dispenéing
and transfer

Storage of incompatible
chemicals

Students must understand that personal protective equipment (PPE) is a final barrier be-
tween them and a hazard. It does not remove the hazard and will only provide protection
under proper use and within its design specifications. Students should be shown how
to follow the manufacturer’s instructions for use and care of PPE. Proper storage facilities
should be provided in the lab where the PPE will be readily available.

The MSDS will list recommended PPE for use with chemicals including the type of
respirator. The laboratory director should have students check the MSDS for PPE re-
quirements as part of their preparations for each experiment. They must then know where
to obtain any necessary equipment.

The handling, transport, and storage of all chemicals should be in accordance with the
provisions for safe handling and use outlined in the corresponding MSDS. No corrosive
or highly reactive chemical should be dispensed in containers larger than 1 pint (approx-
imately 500 mi). Chemicals should be transported from the storage area to the experimental
area in safety carriers available from any national-scale laboratory or safety supply com-
pany. The proper protective clothing specified in the MSDS should be worn whenever
handling, transferring, or transporting any chemical. Compressed gases should be chained
or strapped into a specially designed cylinder cart before moving.

Many substances present acute respiratory hazards and should not be used without prop-
er respiratory protection. The safest place to transfer or use such materials is in a prop-
erly designed and working fume hood. Some chemicals in this category are

ammonia (anhydrous) hydrogen cyanide
ammonjum hydroxide hydrogen sulfide
carbon monoxide nitric acid
chlorine phosgene
chloroform sulfur dioxide
fluorine sulfur trioxide
hydrochloric acid : sulfuric acid

hydrofluoric acid

Some solvents, e.g., dimethyl sulfoxide, are readily absorbed through intact skin and
act as adjuvants, i.e., they can transport other toxic materials with them into the body.
The use of proper protective clothing is necessary if such materials must be handled in
the Unit Operations Laboratory.

No chemical should be dispensed from any improperly labeled or unlabeled container.
Whenever possible, transfers between containers should be done in a closed fashion,
e.g., pumping 2 solvent from a drum into an extractor supply tank, to minimize emis-
sion of vapors and exposure of laboratory personnel. Proper grounding and bonding of
the vessel(s) is required before transfer. When liquids must be dispensed from small
bottles, use a funnel or stirring rod to prevent splashing. It may be necessary to review
other chemical handling and transferring procedures with the students. Students in a Unit
Operations Laboratory should have been exposed to such rules in at least six college
chemistry courses. A quick review of such techniques is available,8 Exposures during
chemical handling or transfer can be estimated by standard industrial hygiene sampling
techniques. Ata minimum, the students should have indicator tubes and the correct pump
available for use.

Incompatible materials must be stored separately. Such combinations are acids and bases,
flammable organics, and strong oxidants, etc. The list of incompatible materials in the
MSDSs of all chemicals in the laboratory will serve as an invaluable aid when arranging
storage facilities for maximum safety. As a general rule, only the required amounts of
chemicals for a day’s work should be kept in ‘‘ready use”’ storage in the laboratory.
All other supplies should be kept in appropriate cabinets outside the laboratory as previous-
ly described.
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WASTE DISPOSAL

Segregation and storage
of wastes

Waste container iabeling

Biological and
radioactive wastes

GHEMICAL SPILLS

The Resource Conservation and Recovery Act of 1977, the *‘Superfund’’ Law, and the
Toxic Substances Control Act and their various amendments and extensions govern the
disposal of hazardous wastes. The legal definitions of ‘‘hazardous,’” ‘‘waste,”” efc., are
not the same as the common or intuitive definitions. Once a substance has been iden-
tified or labeled as a waste, it must be handled in accordance with the provisions of the
applicable Act.® Waste handling for disposal purposes should not be the responsibility
of any single department, such as that of chemical engineering, but of the safety officer
of the college/university who may levy a disposal fee on all waste picked up. Therefore,
the amount of materials used and wastes generated should be minimized not only to avoid
the presence of hazardous materials, but also to avoid hefty pickup or processing fees.
Every effort should be made so that hazardous wastes are separated from the general
waste (paper, glass, soda-pop cans, other nonhazardous refuse).

All dilute acid wastes should be placed in clean, rinsed, 5-gallon containers or 55-gallon
drums. The containers and drums should be lined with high-density polyethylene (HDPE)
to minimize corrosion. The wastes from strong acids and oxidizing agents should be
stored in used, rinsed, 1-gallon acid bottles with safety coating. Such wastes should not
be mixed. Any waste solutions of organic solvents in water should be stored in con-
tainers lined with HDPE. Nonaqueous organic solvent wastes should be stored in Under-
writers’ Laboratory (UL)-approved waste cans. Solid wastes should be stored in 5-gallon
buckets or pails with top closures. The various categories of wastes must not be mixed
under any circumstances.*

The waste containers must be labeled as to waste type, approximate volume, pH Gf
aqueous), source/experiment, the name of the person adding the waste to the container,
and the date added (Exhibit VIII.1), A waste must not be added to any container unless
the waste is known to be compatible with the contents already in the container. Com-
patibility can only be ascertained by comparing the waste contents list to the incompati-
ble chemicals list in the MSDS of the material to be added and by verifying that no in-
compatible materials are involved. All wastes must be picked up by the campus safety
officer on a regular basis. No more than 55 gallons of wastes should be on hand at any
time. The safety officer should be called for more frequent pickup, as needed.

Biological wastes should be incinerated. That task, too, is probably a defined respon-
sibility of the campus health office or safety office. The disposal of radioactive wastes
is governed by regulations of the Nuclear Regulatory Commission {NRC) or correspond-
ing state agency. These disposal procedures are specified for the licensee in the campus
radiation safety manual and must be strictly observed. If radioactive materials are used
in the Unit Operations Laboratory, the supervising professor or laboratory director bears
the direct responsibility for their proper use, safeguarding, and turn-in for disposal. Devia-
tions from duly constituted regulations can result in loss of license. Repeated incidents
can result in revocation of the institution’s license.

All spills of any chemical other than pure water should be reported immediately so that
proper cleanup (and decontamination, if necessary) procedures can be initiated without
delay. The teaching assistant should notify the laboratory director at once of any spilled
mercury or any other unusually toxic or hazardous materials. He/she should have been
previously trained to handle routine spills by containment, adsorption, or neutralization
procedures as discussed in the NRC report.” Mercury adsorption kits and other ap-
propriate spill kits should be available in at least two locations in the laboratory. Suffi-
cient material should be on hand to handle a major spill from any of the experiments
in progress. After cleaning the spill, the materials used should be segregated as solid
wastes and turned over to the safety office for ultimate disposal.

*Memorandum, Disposal of Acidic Wastes and Waste Bulking,. by D.S. Kosson, Dept. Chem. Eng., Rutgers—The State University,

Piscataway, NJ, Jan. 5, 1988.
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Exhibit VIII.1. Waste Identification List*

O

Waste by Volume Unit Ops
Chemical Name added, gal. pHt |Experiment | Date Printed Name Initials

*¥Use a separate container and list for each category of waste.
T Before adding, the pH of aqueous waste must be in the 6 <pH <8 range.
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Spill cleanup procedures

Small spill cleanup

When a spill occurs,® the student should take the following steps: 1) notify the teaching
assistant/laboratory director and any adjacent groups; 2) remove contaminated clothing
and follow by thorough washing of all exposed skin with only soap and water for at
least 5 minutes; and 3) cleanup (by the student) under the supervision of the teaching
assistant if no fire hazard exists (no flammable materials were involved). Adsorbents,
e.g., vermicullite, Oil-Dri, Zorb-All, sodium bicarbonate, etc., should be used for
cleanup. The cleanup crew should wear PPE, e.g., apron, splash goggles, respirator,
gloves appropriate to the spilled material. Finally, the spill area should be thoroughly
washed down with soap and water. If a flammable chemical has been spilled, shut down
all sources of sparks (brush-type motors) and heat sources throughout the laboratory and
all nearby equipment. Have the students and teaching assistant evacuate the laboratory
until the spill has been contained and picked up. The laboratory director should either
effect the cleanup or call the safety office for assistance.

Small spills (less than 1/2-cup or about 100 ml) may be blotted up by paper towels pro-
vided the towels are placed in a solid-waste container and NOT thrown into a trash can.
As with other wastes, care must be taken to avoid incompatible substances because of
the greatly increased surface area provided by the towels. If a wire mesh (nonferrous)
container is available (available at gourmet kitchen supply establishments), such paper
towel wastes can be contained and allowed to evaporate in a working fume hood. The
amount of the resultant air pollution can be calculated by the students and compared
with the corresponding regulations to verify that they are not in violation.
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SAMPLE QUIZ QUESTIONS

,.How should hqulds be dlspensed from a 55~gailon drum‘? What precautions are
: requlred before the. d1spens1ng operaﬁon"

. What are the proper uses of enclosures, recelvmg hoods and remote hoods for
_'the purpose “of vent:llatlon-system des1gn'? SR

. Deﬁne ‘industrial- hygiene™ and its three components

. What is ep1dezmology” Why are epldemologlc studies useful to des1gn and
“operating engineers? -

. What are the ‘‘routes of entry” or portals of entry” of a toxic chemical into

the human body?-

- What are the basic dlfferences between phys1olog1c and physical effects of chemicals .
--on-body’ systems‘? 5

. Define asphyx1a How can it occur?

-.jWhy is the use of hearmg protectlon necessary in high-noise (>85 dBA)
- environments? .

9. What is a tlme-werghted-average or TWA‘? How is it calculated?
10.
11,
12

‘What charactenstxcs of chemical releases or emissions govern sampling frequency”

‘What are the general cntena forall airborne tox1c contammant sampling methods?
‘How should chemicals be transported? Explmn your answer by describing the

transport methods for a 1-gallon bottle of glacial acetic acid, a 2-pound box of

-'_--sodlum blcarbonate and a 1-p1nt bottle of cyclohexane
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PURPOSE:

OBJECTIVE:

SPECIAL TERMS:

Unit IX

EXPERIMENT PREPARATIONS: PRELIMINARY DOCUMENTATION,

HAZARDS, AND RISK ASSESSMENTS

To introduce the most common ways for the unit operations students to incorporate safe-
ty and health into their experiments.

To provide a systematic approach for incorporating safety and health principles into all
phases of laboratory preparation and experimentation by

. Including safety and health topics in prelaboratory assignments

. Requiring a safety and health section in all preliminary reports

. Identifying major health and safety considerations for each experiment
Locating emergency escape routes and safety equipment

. Documenting of all aspects of the experlment

. Student assignments and responsibilities

. Procedures for cleaning up spills

Emergency shutdown procedures

. Accident prevention methods

. Introducing risk assessment

hy

[y

. Accident

Risk

Injury

Risk assessment

Hazard

Preliminary hazard analysis (PHA)

Fault tree analysis (FTA)

. Event tree analysis (ETA)

. Failure mode and effects analysis (FMEA)
. Hazard and operabilities study (HAZOP)
11. ““What if ...”" analysis

12. Safety reviews

+

—_
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INCORPORATION OF OS&H INTO UNIT OPERATIONS LABORATORY COURSES

INTRODUCTION

Use of safety and health
resources

~ A preliminary report

DOCUMENTATION
BEFORE
EXPERIMENTATION

Standard prelaboratory assignments should be made to each group about a week before

beginning any experiment. These prelaboratory assignments have many purposes and

are designed to help the students in

. understanding the nature and scope of the experiment;

- obtaining a clear understanding of the theoretical principles involved;

- determining what equipment is available for use and what must be constructed;

. preparing for any laboratory construction projects;

- finding the safe operating limits for all equipment;

. preparing the process flow and instrumentation drawings (PID);

. locating analytical procedures;

- ascertaining how to interpret, use, and present the experimental data;

. conducting a hazard review for the experiment; and

. formulating and reviewing safety procedures (includes review of all pertinent
material safety data sheets [MSDS]). ‘

The teaching assistants should have carried out a hazard evaluation before the school
term started. Otherwise, the Laboratory Director will not be able to assess whether the
students have picked out the most serious potential problems. Without such prior
knowledge, the Laboratory Director would be unable to help the students with the develop-
ment and description of the necessary safeguards for their protection and to minimize
damage to the apparatus. Such safeguards may be the imposition of limits on certain
process vartables (allowed feed pressure to laboratory PRISM® membrane separators
should be decreased from 120 to 90 psig, cooling water to overhead condenser for the
distillation column will be at least 4 GPM, etc.) or the development of emergency evacua-
tion routes for a particular experiment.

SO0 E W

The students will not always know what resources are available for the experiment. They
should be referred to the safety and health sections in the main and departmental libraries;
given a list of fixed equipment, instrumentation, and laboratory facilities available to
them; and given a clear understanding of what items they are allowed to make in the
shop as opposed to those that the technician(s) or teaching assistant will prepare. Not
only should the students be shown the location of all safety equipment, facilities, and
supplies, they should receive instructions regarding their use. All students shouid have
a copy of the departmental and laboratory safety regulations.

The appropriate MSDSs must be read to identify the chemical hazards for chronic and
acute health effects, physical hazards, required personal protective equipment (PPE),
and emergency procedures. With this information and the estimated quantities of each
material to be used, the potential risks can be identified and steps can be taken for hazard
control.

A preliminary report should be required from each of the student groups before granting
permission to start work. That report should contain, as one of its main features, a discus-
sion of the safety and health hazards; a list of potential exposure sources, types, and
amounts; and a review of the hazard analysis procedure and the nature of the risks in-
volved (see below).

The following documentation is required from each group before the group receives per-
mission to begin the experiment.

® Process description and flow sheet

® Experimental conditions

* Equipment list with specifications

® Materials of construction

¢ Insulation requirements: thermal and electrical

* Special operating conditions required/to be avoided
* Emergency evacuation routes (must have two)

¢ Startup, operating, and shutdown procedures

* Data to be obtained

*® Emergency shutdown procedures

IX-2
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Unit IX—Experiment Preparations: Preliminary Documentation, Hazards, and Risk Assessments

Responsibility for
documentation
preparation

Documentation
information

Reducing potential
hazards

Approval of
documentation

o Experimental waste segregation and disposal methods
e Chemicals and materials lists and quantities required
e Copy of the MSDS for all chemicals

e Potential safety and health problems

e Personal protective equipment required (if none, so state}
¢ Potential environmental problems

¢ Location of all safety equipment

¢ Emergency evacuation routes (must have two)

o Safety checklist

¢ Labels for samples

» Student work/responsibility assignments

After this documentation in the preliminary laboratory report is reviewed and any defi-
ciencies explained, the students must be given an opportunity to ask questions relating
to safety and equipment operation. After answering these questions, the laboratory director
should have the students execute a release from (Exhibit II1.2) and obtain permission
to start work (Exhibit V.1). '

The laboratory director should assign responsibility for preparing the documentation.
1t is unrealistic that each student can or should prepare all the documentation; the various
items should be grouped into categories and each team member should be assigned one
category. The first time the documentation is prepared will be the most difficult. After
that, many items can be used as a boiler plate in preparing for the next experiment. The
assignments should rotate with every experiment to avoid student burnout and to max-
imize participation and learning. Although all group members should participate in prepar-
ing the safety section, it should be prepared by the group leader or safety supervisor
for the experiment, who is then responsible for its implementation.

" For the documentation, al! theory pertinent to the experiment should be reviewed, and

a brief description of the statistical methods that will be used in data reduction should
be prepared. The materials of construction documentation should specify glass, stainless
steel, etc., used for items to be fabricated for the experiment and also specify any atten-
dant operating problems, such a ‘‘water hammer”’ that would necessitate including a
surge tank.

Experimental conditions should include temperatures, pressures, flow rates and com-
positions, critical levels to be maintained, chemical reactions involved (and energies re-
leased), noise problems and their control, and the rated pressures for any rupture disks
and relief valves.

The estimate of possible exposures to hazardous and toxic chemicals can only be made
after the flow diagram and all aspects of the experiment are thoroughly understood. A
brief description of the method(s) to be used to check for actual exposures should be
included. After the flow diagram has been prepared, the quantities of chemicals and sup-
plies necessary for the experiment can be estimated. The procedure section of the
preliminary report must describe all materials handling and transfer steps and any re-
quired safeguards, the waste handling and disposal techniques to be followed, and a list
of required PPE.

While reviewing the proposed experimental materials and conditions, the laboratory direc-
tor or teaching assistant should be alert for changes in materials or chemicals that would
decrease fire or explosion hazards. Can the order of adding chem