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O THE GENERAL public, the words “hazard” and

“chemical” are almost synonymous, particularly in
light of Bhopal and recent incidents in the United
States. Indeed, an ABC television movie, Acceptable
Risk, presented the U.S. chemical industry in an un-
favorable light with respect to public safety. Further-
more, liability costs have increased to such an extent
that the possibility of all insurance for environmental
liability being phased out exists [1]. Yet chemical en-
gineering curricula still generally do not cover the con-
cepts of hazard, emissions control, health and safety,
or risk assessment. For example, how many of our
students are familiar with flammable limits or
threshold limit values (TLVs) by the time they
graduate? [2]

Today engineers as designers and managers have
responsibilities that have not traditionally been consi-
dered as “true engineering.” They include providing
worker and community safety and health protection.
Yet, there is still a perception by faculty and students
that other technical specialties are more rewarding
and intellectually appealing, and that safety is of sec-
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ondary importance to engineers. While health and
safety may not have been mainline chemical engineer-
ing, they are typical issues which graduate chemical
engineers in industry and government regularly en-
counter. The relevance of health and safety to chemi-
cal engineering is demonstrated by the existence in
AIChE of the Safety and Health Division, the En-
vironmental Division, relevant continuing education
courses, and the recently established Center for
Chemical Process Safety (CCPS). Consideration is
also being given to the addition of specific require-
ments on safety in the ABET curricular requirements,
and to a recommendation that questions on these top-
ics be included in the professional engineering exam.

This paper is intended to be a philosophical com-
mentary on the need and rationale for incorporating
safety and health into the chemical engineering cur-
riculum. The how, where, and what are presented as
broad and general guidelines.

EDUCATION SIMULATES PROFESSIONAL PRACTICE

Engineering educators are in a position to enhance
the sensitivity of future engineers to societal respon-
sibilities such as safety and health. The undergraduate
program is a logical place to provide engineers with a
background for recognizing potential hazards and pro-
viding safe designs. It is neither necessary nor desir-
able to make all chemical engineering students ex-
perts in safety and health. However, increasing stu-
dent awareness, interest, and knowledge of health and
safety protection is like preventive medicine, and it is
much less grievous and expensive than remedial ac-
tion.

Given the changing and apparently diminishing
employment opportunities in chemical engineering, an
increased awareness and knowledge of health, safety,
and environmental concepts could enhance oppor-
tunities for jobs and create new areas for graduate
students and research. If chemical engineering doesn’t
fill these gaps, other disciplines will. The argument
can and will be made that the chemical engineering
curriculum is already overcrowded. However, we
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Engineering educators are in a position to enhance the sensitivity of future engineers to

societal responsibilities such as safety and health. The undergraduate program is a logical place to

provide engineers with a background for recognizing potential hazards and providing safe designs.

need to re-examine the importance and priorities of
what we teach, and perhaps reduce the extent to
which certain topics are still covered.

“Some professors might argue that their job is to
provide a fundamental grounding in the principles of
chemical engineering and that many applications can
come when the graduate enters industry. It seems
that many U.S. chemical engineering educators may
believe this, as they do not include safety and loss
prevention in their courses.” [3] Even though industry
is sensitized to these issues, not all students or faculty
may be aware of industry’s interest.

University representatives from major employers
of chemical engineering graduates have indicated that
their companies would welcome more emphasis on
safety in the undergraduate program. New graduates
are quite surprised at how much time is spent on
safety in industry. Since companies rely on engineers
to build safety into equipment, process, and plant de-
signs, industry may well expect future BS graduates
to have a greater awareness of safety and health.

SAFETY AND HEALTH ASSESSMENTS—
A USEFUL TEACHING METHOD

Due to their education, experience, and skills, en-
gineers are better equipped than most people to
foresee technologically induced problems and to de-
sign and implement appropriate preventive measures.
In particular, many health and safety issues lend
themselves to application of chemical engineering
principles and techniques. Optimal design and selec-
tion of safety devices are based on the same chemical
engineering principles as the process development it-
self. Plant and process design are important compo-
nents of chemical engineering education, and preven-
tion and control of emissions are important factors in
design.

Current research by EPA and NIOSH such as the
assessment of new technology (e.g., semiconductors,
biotechnology) and prediction of hazardous emissions
using a unit processes/unit operations approach (e.g.,
alkylation, drying, etc.), rely heavily on traditional
chemical engineering. The latter approach is an excel-
lent teaching method since students must understand
the system and its components to identify, control,
and model emissions. Participation in an emissions
monitoring survey is also an excellent way to learn
about a particular process.
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“The interdisciplinary nature of safety also ex-
poses students to non-engineering concepts and
methods. Students are also made aware of the non-
technical consequences of industrial activities, where
not the machine, but man and the environment are
central.” [4]

AN EFFECTIVE APPROACH

A number of different approaches to bringing
safety and health into the undergraduate engineering
curriculum are possible. They include

® Integration into existing engineering courses

e Elective courses and/or options, either interdisciplinary or
in the major discipline

® Strong emphasis in the capstone design project

® Plant visits that emphasize engineering controls and other
aspects of safety and health

® Student co-op and summer positions and research projects
directly related to safety and health

® Use of qualified guest speakers from industry, NIOSH,
etc., for seminars, short courses, or to assist in classroom
instruction

A logical place to emphasize occupational health,
safety, and environment is in the process design
courses and/or elective courses. However, it is ques-
tionable whether or not sufficient concepts and
methods can be taught and learned in one or two
courses. Integration of safety and health into existing
courses is probably the most effective approach since
there could be continual reinforcement over a four to
five year period. However, this approach is probably
the most difficult to implement because of the lack of
engineering and science textbooks which incorporate
safety and health, coupled with the lack of faculty with
sufficient background and interest to teach such mate-
rial.

Textbooks seem to have the greatest impact in un-
dergraduate engineering courses, and most chemical
engineering programs generally use many of the same
textbooks. There is both room and a need for example
and assignment problems and discussion which relate
the subject matter to safety and health. NIOSH is
developing a coordinated effort with the authors of
textbooks and publishers to include safety and health
in new and revised texts. Also, the Safety and Health
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Division of AIChE and CCPS is attempting to develop
supplemental instructional material.

In addition to revised textbooks, supplemental re-
source materials for incorporating safety into en-
gineering and science courses are either available,
being developed, under consideration, or are hereby
proposed. These include

o Hazard workshop modules available from the Institute of
Chemical Engineers, UK

® Case studies and engineering problems through NIOSH,
ASEE, AIChE Safety and Health Division, Stanford Re-
search Institute

o API Safety Digests

® Government publications available from NIOSH, EPA,
DOE, etc. [5]

e Example problems derived from journal articles [6]

e Information available from the Chemical Manufacturers

This paper is intended to be

a philosophical commentary on the need and
rationale for incorporating safety and health into
the chemical engineering curriculum.
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Association, manufacturers of safety equipment, insur-
ance companies, etc. [7]

e Industrial and laboratory safety manuals and other supple-
mental books [8, 9]

The National Institute for Occupational Safety and
Health has established an engineering faculty net-
work, offers short courses, and can provide workplace
safety and health videos.

CONCEPTS SHOULD BE EASILY UNDERSTOOD

There are many important health and safety con-
cepts that could or should be covered in the cur-
riculum. For chemical engineering students, many of
the concepts can be related to or derived from their
existing knowledge base.

Suggested topics include

e Risk assessment and management, fault and event tree
analysis, hazard recognition and evaluation, and typical
hazards, e.g., overheating, reaction with water

® Loss prevention, analysis of accidents
® Monitoring and surveillance instrumentation and methods

e Intrinsic materials hazards, e.g., toxicity, flammability,
reactivity, and indices, e.g., threshold limit values,
flammable limits, hazard ratings

e Environmental and safety and health regulations, e.g.,
TSCA and OSHA acts

® Occupational diseases and toxicology

e Engineering controls in general, e.g., ventilation, isola-
tion, enclosures

e Sources, generation and specific control of emissions,
e.g., dusts, mists, vapors

The above list is not complete and there is over-
lap. The exact choice of topics would depend upon the
specific course as well as the interests and knowledge
of the instructor.

INTEGRATION INTO EXISTING COURSES

Most required chemistry and chemical engineering
courses lend themselves to addressing safety and
health using materials supplemental to the text as de-
scribed earlier. Some preliminary thoughts follow.

Chemistry. Chemical hazards and toxicity could
be illustrated in both general and organic chemistry.
Permissible exposure and flammability limits could be
covered in the conversion of units. The labs, including
chemical engineering lab, could also enhance student

_awareness of safety by requiring use of appropriate

protective equipment, e.g., goggles, by emphasizing
safe work practices and proper handling and disposal
of chemicals, and by acquainting students with the
need for appropriate protective clothing, monitoring
instruments, and emergency response procedures.
Safety quizzes could be given prior to doing an exper-
iment, and student teams could be used to do safety
checks. A videotape on chemical lab safety is available
from Rohm and Haas.

Material Balances and Thermodynamics. Expo-
sure and flammable limits could also be illustrated in
material balances via units conversions. Ventilation
could also be described here. Solvent vapor hazards
and work place concentrations could be related to
vapor pressure through a material balance involving
a spill or process release of a volatile substance. Pro-
cess leaks and fugitive emissions could also be illus-
trated through material balances and use of ther-
modynamic properties.

Transport Operations. Heat stress can be
explained in Heat Transfer and ventilation covered in
Fluid Flow. Sources of emissions from various types
of equipment, and equipment failure modes (e.g.,
leaks from pumps, valves and vents, seal failures, etc.)
could also be discussed in these courses, and proper
selection of equipment for a specific system could be
demonstrated. As a simplistic example, toxic volatile
slurries would not be filtered through a plate and
frame press—instead, a separation method such as
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centrifugation would be used because of the capability
to better control emissions.

Transport Phenomena and Chemical Engineering
Analysis. Emissions, transport, and workplace con-

TABLE 1
Examples of Safety and Health Cconcepts
for Various Courses

COURSE TOPIC
Material and ® Units/Conversions—threshold limit
Energy values, flammable limits, relation-
Balances ship of concentrations to regulations
® Mass Balances—number of room
changes for ventilation
® Adiabatic Flame Temperatures—
auto ignition point for flammable
and explosive compound
Fluid Flow ® Ventilation design principles, e.g.,
particle capture velocity
Heat Transfer ® Convection—heat stress
Thermodynamics @ Equilibrium properties and gas laws—
predicting maximum vapor concen-
trations of hazardous solvents in
the workplace
o Physical properties—relationship of
properties such as vapor pressure and
solubility to biological effects
Separations ® Selection of equipment compatible with
Operations potential emissions of hazardous
materials
Transport ® Mass and momentum transport—
Phenomena/ modeling to predict workplace and
Chemical atmospheric concentrations of haz-
Engineering ardous vapors resulting from evap-
Analysis oration e.g., spills, fugitive emis-
sions
o Simultaneous diffusion and chemical
reaction—human up-take and biolog-
ical transport of pollutants to evalu-
ate body burden, biological effects
and relationship to ambient concen-
trations
Chemical ® Process conditions for run-away
Kinetics/ exothermic reactions
Reactor ® Reaction kinetics of flame propagation
Design
Chemical ® Selection and use of protective equip-
Engineering ment and monitoring devices
Laboratory ® Appropriate safety practices
® Selection of chemicals for experiments
to avoid use of hazardous materials
Plant/Process e Environmental and health and safety
Design regulations, e.g., RCRA, OSHA

® Waste and hazards minimization
e Engineering controls
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centration of hazardous materials can be predicted by
using transport properties and modeling. This could
also be related to various aspects of risk assessment,
and computer simulation could be used in this assess-
ment.

Kinetics and Reactor Design. Runaway reactions
and accident analysis are possible topics here, e.g.,
the relationship between available cooling water tem-
perature, catalyst concentration, and control of a
batch reaction could be examined. [10]

Chemical Engineering Laboratory. Since many
undergraduate laboratories resemble an industrial
pilot plant, it is one of the courses which could have
the greatest impact on student knowledge of safety
and health. Ideas for teaching laboratory safety were
presented earlier, and a recent paper describes the
teaching of safety in the unit operations laboratory at
Michigan Tech. [11] Equipment aspects described
under transport operations could also be presented in
the undergraduate laboratory.

The concepts of materials substitution and en-
gineering controls to avoid potential hazards could be
reinforced in the laboratory, e.g., using carbon dioxide
rather than ammonia in a gas absorbing or stripping
experiment, or if ammonia is used, providing proper
ventilation. Also, if students are required to wear pro-
tective equipment (e.g., face mask) they might become
more conscious of the need for safety and health.

Plant/Process Design. This is probably the most
obvious place to teach safety and health and is the
other course area which could have the greatest im-
pact on student knowledge. Most of the previously
mentioned safety and health concepts can be included
in the design courses (e.g., failure and -hazards
analysis, selection of equipment, engineering controls,
etc.). Safety and environmental audits could be done
using the flowsheet and plant layout to identify possi-
ble points and types and composition of emissions; lo-
cations for and types of monitoring equipment; place-
ment of engineering controls, etc.

The design courses may also be the best place to
cover other engineering controls such as minimization
of hazards by materials substitution, recycle, process
change, or change of operating conditions.

WHAT WILL IT TAKE?

A rationale for incorporating health and safety into
the chemical engineering curriculum has been pre-
sented, and various approaches for doing so have been
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discussed. There will be difficulties in accomplishing
this goal, however, including the lack of faculty back-
ground. But the situation seems to be changing.

Perhaps faculty would be more inclined to include
safety and health in their courses if it was relatively
easy for them to do so. This could be accomplished by
the inclusion of relevant material in textbooks and a
ready availability of supplemental materials with
guidelines on where and how they could be used. Em-
phasis should be placed not only on problem solutions,
but also on the reading and understanding of the con-
cepts presented in the problem statement (e.g., the
process, specific reactions). Professors could demon-
strate to students, preferably quantitatively, the ethi-
cal and economic ramifications of what they are doing.
Reinforcement of why and how safety and health are
important and integral to chemical engineering is im-
portant.

Faculty background and interest in safety and
health could be heightened by providing opportunities
for related research, through consulting, and through
summer positions. The motivation to present safety
and health materials in the curriculum would also be
increased if industry expressed a desire for graduate
engineers with more awareness of health, safety and
loss prevention. Lastly, more specific accreditation re-

quirements for safety and health could be initiated by
ABET.
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MICROCOMPUTER PACKAGE

Continued from page 21.

from the X, versus t curve given by using the Curve
Fitting Program. In this program, the original data
can be entered, and the transformation function de-
fined by Eq. (9) to determine dX,/dt at various X,.
Either the Curve Fitting Program or the Multiple
Regression. Program can then be used again with
transformation functions to estimate both k and a from
Eq. (10). For this example the results are a=1.43 and
k=0.0185 (I/gmole)°*/s.

Verification of the model is efficiently obtained by
solving Eq. (8) with the Differential Equations
Simulator of the computational package. The equa-
tions needed for this simulation are given in Figure 6.
A tabular output of the pressure P versus time from
this program is also inserted into Figure 6 where
there is good agreement between experiment and the
model.

Use of the Computational Package in ChE Curricula

At BGU, the computational package has been used
in a third year undergraduate course, “Introduction
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to Computation for Chemical Engineers,” and in a
graduate course, “Chemical Process Simulation.” In
the undergraduate course, the students learn to for-
mulate the equations which describe various phenom-
ena or process equipment (e.g., dew point/bubble
point calculations; batch, CSTR and plug flow reac-
tors) and become familiar with the numerical methods
to solve the appropriate equations. Problem assign-
ments must be solved in three different ways: a com-
plete student program in Fortran, a student program
which calls for subroutines from the IMSL subroutine
library, and a POLYMATH program. Students con-
sistently relate that the most convenient and least
time consuming of the three solutions involves the use
of POLYMATH, and many continue to use the pack-
age in other courses.

In the graduate “Chemical Process Simulation”
course at BGU, the computational package is used to
experience different iterative methods for the solution
of recycle systems (as in Example 2) and to simulate
fairly complicated process units such as are found in
distillation columns. In the course they also use com-
mercially available simulators where results can be
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