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PREFACE

“Safety” and “Security” are words that belong together in many people’s minds. Never before have these terms been more strongly linked than they are today.

The events of September 11, 2001, changed our world. They have brought “Safety” and “Security” to the forefront, have harnessed them together, and the paired concepts of “Safety” and “Security” drive our implementation of Homeland Security. Suddenly safety professionals have been given a new and critical task—to ensure their facilities’ invulnerability to hostile attack. This mandate has created unheard-of challenges—as well as untold opportunities.

Safety professionals faced many challenges before the advent of Homeland Security as a national-level issue, and those issues are still present. While these new security issues are here to stay, safety professionals cannot lose sight of the entirety of their responsibilities. The challenge before the safety professional is to engineer the processes and controls that will allow management of the changes—those given by government directive in response to September 11, as well as other, more normal changes in the safety profession—changes demanded by analysis of the statistics, by new technologies, by changing regulations, and by financial considerations.

In the first edition of this book, we asked our readers a question we still feel is important—How do you put a price on worker safety? When we consider the issue on a personal level, safety is priceless—statistically, however, on-the-job safety generates costs several ways. In the year 2003, we know that the price of worker safety has gone up significantly.

When we wrote the first edition of this book, we used statistics from the 1995 National Safety Council’s Report on Injuries in America to illustrate the pressing need for exceptional safety engineering and management. Obviously, in the years since 1995, changes have occurred. The Report on Injuries in America for 2001 updates these statistics for us.

In 1995, the National Safety Council (NSC) estimated that workplace accidents cost this country in excess of 75 billion dollars. Six years later, those costs have skyrocketed. For 2001, the NSC estimates that work injuries cost Americans over $132 billion dollars (which works out to $970.00 per worker), though the number of workplace deaths and injuries is actually significantly smaller. An estimated 11,000 workers in 1995 were killed on the job, and more than seven million were injured or made ill. In 2001, around 5,300 workplace fatalities from unintentional injuries occurred—roughly half the previous number of deaths, with 3.9 million American workers suffering disabling injuries.

But safety has become even more expensive than those figures reveal. The costs associated with deaths and lost worker time are substantial, especially since health-care and insurance costs have skyrocketed. An even bigger change: Safety Engineering and Management is also now responsible for protecting workers and facilities against threats we had barely considered in 1996. With Homeland Security at the forefront of governmental domestic attention, the expanded need for both safety engineering and safety management is obvious.

Determining the costs of safety to individuals is impossible, but for business, this means over 50 million lost workdays—equivalent to the loss of a workforce of over 200,000 workers for a year. These statistics dramatize the importance of worker safety on the job—the bottom-line reason for the Occupational Health and Safety Act (OSHA). But OSHA compliance, safety programs, and measures taken to reduce job site risks and hazards are also expensive. Programs and planning to decrease on-the-job accident and injury rates can cost companies thousands to millions of dollars—one of the many reasons safety issues are of critical importance in industry today. We also have to worry about random acts of violence and sabotage, because America is now facing what many other countries have had to face for years—the possibility of terrorist attack.

With lower death and injury figures, obviously, we’re doing something right. However, that doesn’t mean that we can back off. Costs for those fewer deaths and injuries are substantially higher than they were for higher numbers of deaths and injuries less than 10 years ago, and protecting our communities, our families and children, our industries, our utilities from outside forces cannot—and will not—come cheap. In fact, the costs of protecting ourselves have just begun to be tallied up.

Interpreting their own statistics, the NSC targets specific areas that need improvement. Almost half the workplace fatalities were related to motor vehicles. Nine out of 10 deaths and nearly three-fifths of worker injuries occurred off the job site. High-risk industries are still high-risk (the wastewater industry, for example) because of the wide variety of potentially hazardous tasks and inherently risk-filled environments the jobs require. Individual incidents are still often chalked up to ignorance, indolence, incompetence, or carelessness on the part of workers or management. Sometimes inadequate engineering or bad design is a factor, sometimes equipment failure.

Purpose of Text

In this text, we stress “how” accidents and fatalities happen, and not so much “why.” The “why” presumes that we are only concerned with the aftermath of such incidents, and not with their prevention—reactive versus the “how” of accident prevention. Just as providing your car with regular maintenance service can prevent large, nasty, unexpected repair bills, and just as the careful engineering and design work that goes into your car works to protect you in an accident, through safety engineering, we can work to eliminate or reduce on-the-job hazards by preventive planning. Prevention through engineering and management is what this text is all about.

Audience

The primary intent of this work is for use as a textbook in engineering, safety engineering, and science courses. It includes review questions primarily for that purpose. This text is also designed for use by practicing engineers in the field as a ready reference handbook—for the professional who wants an overview of the fundamentals and insight into the subtleties of this expanding discipline. Managers and technical personnel will find it a useful reference in dealing with complex safety matters and in planning worker training. Finally, Safety Engineering: Principles and Practices, Second Edition can be used by government officials and regulatory personnel, members of the legal profession, and the general public as a helpful tool that provides a general overview of the subject. Simply put, Safety Engineering is an important volume for “in-hands use” and for your technical and management library. Let’s summarize (in a short list) who can use this text:

♦ Students in Safety Engineering and Systems Safety

♦ Employer Safety Directors/Managers

♦ Corporate Managers, Supervisors, Forepersons

♦ Inspectors exposed to on-the-job hazards

♦ Architects

♦ Consulting Engineers

♦ Building Managers

♦ Contractors

♦ Owner Contract Administrators

♦ Equipment and Prefab Manufacturers

♦ Plaintiff Lawyers

♦ Defense Lawyers

♦ OSHA Officials

♦ Standards Writers and Construction Specifiers

♦ Justice and Court Officials

♦ Insurance Company Loss Control Engineers

♦ Union Officials and Workers

♦ Security Directors/Personnel

Scope of Text

In the past (and even to a degree in the present), very little discussion or emphasis was developed on industrial safety—and even less emphasis on developing a consciousness for safety as an integral part of engineering practice. However, this trend has been changing—as it should. One of the most significant changes has taken place in colleges and universities. Safety and safety-related courses and curriculums have been added to the pertinent fields of study, where safety engineering has been approached as a science with well-defined goals and objectives, not as an exercise in lip service and sloganeering. With the new demands for Homeland Security, the demand for safety professionals has also increased.

Still, a problem exists. Many of these relatively recent courses and curriculums have focused on the purely theoretical and scientific aspects of safety and related topics. You want proof? Hire a recent graduate from one of these programs. Hiring a highly educated safety graduate who is well-grounded in logic and logic systems such as Boolean algebra, systems analysis, and design for safety is not unusual—however, this same student may be lacking in what is really required: a fundamental grounding in the concepts of real-world safety practice. In other words, a gap exists between what our undergraduate and graduate students are typically taught, and in what is really required in the work world—the real world. Safety Engineering is designed to fill this gap.

Clearly written in everyday English, with an understandable, accessible, and direct style, this text provides easy access to a wealth of practical and substantial information. It emphasizes developing a consciousness for safety as an integral part of engineering practice in the work world, and addresses industry’s responsibility for homeland security needs. Deliberate sabotage, technological failures, and preventable disasters wreak havoc on workers and the public whose lives and health depend on engineering expertise for protection—for prevention versus reactionary measures. The principles in this book (if conscientiously applied) can prevent the devastating effects of improper or unsafe practices in the creation and delivery of work outputs and work activities.

Throughout this text, the authors stress the need for professionalism, scientific analysis of risks and safety measures, concern for human and environmental needs, and real-world examples of effective safety engineering. New materials include expanded terminology, expanded information in many chapters, many more case studies and photographs, and new chapters on topics that include Management Aspects; Indoor Air Quality; Thermal Stress; Security and Vulnerability Assessment; Computer and Data Security; Contemporary Problems Affecting Workers; Preventing Workplace Violence; and Motor Vehicle Safety.




1
INTRODUCTION

Safety often is viewed largely as a simple matter of applying specific routines. In many cases the routines are repeated regularly despite obvious signs of their inadequacies. Greatly needed is an understanding that the sources of harm, which the safety specialty should be able to control, have basic origins although their consequences will differ in character and severity. This view furnishes the realization that hazards are not simply the agents most closely identified with injuries. Merely regulating them is not the sure way to limit their effect.

—Grimaldi and Simonds

1.1 Safety Engineering?

When we ask new acquaintances standard questions (where they live, where they are from), sooner or later in the conversation, we’ll ask the question, “What do you do for a living?” If the answer is “I’m an engineer,” we might be impressed, but our question isn’t completely answered. Engineer? What type of engineer? Many different engineering disciplines or specialties are possible, from locomotive operators to “flight engineers” to custodial personnel (“sanitation engineers”).

So what kind of engineer is this person? Unless he or she answers with a specific engineering specialty, the natural tendency will be for the questioner to ask, “What kind of engineer are you?” or “What type of engineering do you do?”

The respondent may offer an answer we might expect—“I am a mechanical engineer” or maybe a civil, aeronautical, chemical, electrical, industrial, or environmental engineer. Or the respondent might answer, “I am a safety engineer.” Unless you are familiar with safety engineering, you might be taken aback by this statement. Safety engineer? What is that?

What a safety engineer is and does is what this text is all about. This text works to complete (and to thoroughly explain) the opening statement by Grimaldi and Simonds. For now, we will simply continue their statement by adding our own words:

To regulate their effects (hazards), it is necessary to employ a means of removing or controlling the causes responsible for the presence of injurious agents. This is the essence of the practice of safety engineering.

1.2 Safety Engineering: A Closer Look

Simply put, the safety engineer is a Jack or Jill of many engineering, scientific, and other professions. Does this mean that the safety engineer is an expert in all engineering, scientific and the other disciplines? Good question. The short answer is no. The long answer depends on your definition of “expert.” If you define expert as does Webster (Expert: A person with a high degree of skill in or knowledge of a certain subject), you can answer yes, because safety engineers should possess a high degree of skill in or knowledge of safety engineering. But this really doesn’t answer our question, does it? To better answer the original question, “Is the safety engineer an expert in all engineering, scientific, and other disciplines,” two words in this question need to be changed to render a more accurate answer. The words “expert” and “all” should be changed. “Expert” status denotes that the safety engineer knows everything about safety—a goal no one person could attain. To accomplish this amazing feat, the safety engineer would have to be an “expert” in law, engineering, technical equipment, manufacturing processes, behavioral sciences, management, health sciences, finance, and insurance—as they relate to safety issues—to name just a few fields. While true that the safety engineer is typically an “expert” in a particular area of safety, it is also true that he or she can’t be expected to be an “expert” in everything. This point is amplified even further when we remember the following famous quote, “an expert is someone who has found all the mistakes in a very narrow field” (Niels Bohr as quoted by Edward Teller). At this moment, we are unfamiliar with anyone who has found all the mistakes in the practice of Safety Engineering.

Let’s take a look at what the safety engineer really is. The safety engineer is knowledgeable in many aspects of engineering, scientific, and other related disciplines—a Jack or Jill of many engineering, scientific, and other disciplines. While a Safety Engineer isn’t an expert in all these diverse fields, he or she should be expert in how safety issues affect these many fields, and in how to eliminate, reduce, or control hazards for these fields.

The safety engineer is devoted to the application of engineering and scientific principles and methods to the elimination and control of hazards. He or she must know a lot about many different engineering and scientific fields. The safety engineer specializes in the recognition and control of hazards through use of knowledge and skill related to engineering, scientific, and other disciplines.

In short, the safety engineer must be a “generalist,” with a firm grasp on how the many fields with safety concerns connect with his or her area of responsibility and influence.

1.3 Why a Generalist?

Figure 1.1 illustrates why the safety engineer must be a generalist—the importance of achieving an interdisciplinary education mixed with experience cannot be stressed enough. In addition to a “generalized” education honed smooth by years of on-the-job experience, the safety engineer must know what role other organizational professionals, practitioners, and employees play in the organization, to properly identify hazards, develop effective solutions to safety problems, and achieve safe operations and systems.

As a generalist, the safety engineer functions to coordinate and facilitate the actions of other knowledgeable personnel to apply safety principles to particular problems.

1.4 Education and the Safety Engineer

What should a training package for a course of study in safety engineering include? Although professional education (college education) provides the minimum standard for professional credibility, a degree certainly does not indicate that someone with such a degree is smarter—or more effective professionally—than someone who lacks a degree. What it does mean is that the degree holder has accomplished a series of standardized tasks by which he or she may be measured. What a college education really does is provide the graduate with the tools he or she needs to do research—“to find answers.” When you get right down to it, this is a worthy goal of any good advanced training course—to teach the students how to problem-solve, and to provide them with the tools that allow them to find pertinent answers independently.
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Figure 1.1 Safety Engineering and Interfaces with Other Entities within an Organization.

So, why is a college education necessary? Can’t an individual learn everything they need to know about safety engineering from on-the-job experience?

We can all learn from on-the-job experience—absolutely nothing can replace real experience. But the question was: “Can’t someone learn ‘everything’ they need to know about safety engineering from on-the-job experience?” A seasoned safety professional with many years of experience in the safety profession would probably answer yes to this question. But what that safety professional is really saying is that he or she learned all he or she “needed to know” about safety engineering via on-the-job experience—on their way up through their profession—and often as the material they were learning was being discovered. Thirty or forty years ago, this statement had much validity. Today, however, in most cases, the demands of the safety engineering profession are vastly different than they were thirty years ago—thus training requirements are also much different. Why?

The requirements for a more demanding, classroom-based, formal education, coupled with rigorous on-the-job training and years of experience are necessary simply because times have changed. With this change, the complexity of problems related to industrial safety has increased exponentially.

What kind of changes? Complexity of what problems? Anyone who pays attention to news programs on television or radio, or has scanned newspapers or the Internet in recent years should have no problem recognizing the changes to which we are referring.

Let’s take a look at a few of these changes and the corresponding industrial safety and health concerns they have generated.

1.4.1 MAJOR ACCIDENTS AND DISASTERS

Major advances (Herculean advances in some respects) in technology have been made in recent decades. These include advances in nuclear power, electronics, chemical processing, transportation, management information systems, and manufacturing processes, to name just a few of hundreds of growth industries and processes. Modern society’s attempts to ensure “the good life” for us all have at the same time generated many perils that are also responsible for many of the woes that beset us. Why? With technological advances come technological problems, many of which have direct or indirect impact, not only on the health and safety of employees, but also on the public and the environment.

When a process or operation has been correctly engineered (properly designed and constructed), it will show clear and extensive evidence that the design included attention to safety. Such a process or operation, under the watchful and experienced eye of a competent safety engineer, can continue to operate in a way that reduces the chance of occupational injuries, illnesses, public exposure and damage to the environment.

A safety engineer, one well-versed in the basics of civil, industrial, mechanical, electrical, chemical, and environmental engineering, takes information pertinent to safety engineering from each of these disciplines. Exactly what will such exposure afford the safety engineer, our environment, and us? Let’s take a look at some examples.

♦ Civil engineering exposure: Safety engineers who have had exposure to this field understand the need for safe and sanitary handling, storage, treatment, and disposal of wastes. They have knowledge of the controls needed for air and water pollution. They understand the need for structural integrity of bridges, buildings, and other constructed facilities. They understand the planning required to build safe highways.

♦ Industrial engineering exposure: Industrial engineers try to fit tasks to people, rather than people to tasks. By doing this, they make work methods and environments physically more comfortable and safer. Safety engineers need to understand the concepts involved with human factor engineering and ergonomics.

♦ Mechanical engineering exposure: The student of safety engineering soon discovers that the mechanical engineering field really got the ball rolling toward incorporating safety requirements for machines such as boilers, pumps, air compressors, elevators, and many other types of mechanized equipment and facilities. The safety engineer must understand the operation and limitations of machines and ancillary processes.

♦ Electrical engineering exposure: Electrical engineers are concerned with the design of electrical safety devices such as interlocks, ground fault interrupters, and other items. Electrocution and fire caused by faulty electrical circuitry in the workplace are more common than you might think. The organizational safety engineer must be cognizant of these potential hazards and know what needs to be done to prevent and correct these potential hazards.

♦ Chemical engineering exposure: Chemical engineers apply system safety techniques to process design through the design of less hazardous processes, using less hazardous chemicals, chemicals that produce less waste, or that produce waste that can be easily reclaimed.

♦ Environmental engineering exposure: Like safety engineering, environmental engineering is a broad-based, interrelated discipline that incorporates the use of environmental science, engineering principles, and societal values. The safety engineer must have a good background in environmental science and environmental engineering practices, primarily because protecting the environment from pollution is often one of the safety engineer’s chief duties.

Preventing major accidents and disasters is a primary responsibility of the safety engineer. Major conflagrations, explosions, catastrophic failures of equipment such as boilers or airplanes, and prevention of chemical releases and spills are just a few of the important responsibilities included in safety engineering.

Major accidents and disasters are terrible, obviously, to those directly affected. Serious injury, illness, or death resulting from such incidents take their toll; they impact in ways we cannot imagine until we actually experience them ourselves. The point is, with proper, complete, careful planning—safety engineering—accidents and disasters can be prevented.

The results, consequences, impact, and horror involved when “things go wrong” (when safety engineering and safety management take a back seat to other “more important” concerns) can kill or maim all within reach of the site—and what is within reach of the site is dependent upon the nature of the disaster and the physical conditions of the site, as well as weather: elements beyond our control.

The potential for risks involved with many chemical processing operations is extreme. Bhopal is not alone in the historical records detailing the horrors of major accidents and disasters (the Chernobyl and Three Mile Island Unit 2 nuclear power incidents are other famous examples). This text’s intent is not to point the finger of blame at anyone for these incidents, but rather to point out that they do occur. More important for our concerns, these horrific events trumpet the need for safety engineering. What is hardest to bear in these tragic incidents (and in many others over the years) is that we recognize that they could have been prevented—and we fear that the same greed, or carelessness, or disregard for human life may someday affect us as well.

In one respect, the U.S. has been fortunate. Two of the world’s most terrible industrial accidents—accidents that changed how nations handled the very concept of industrial safety—had U.S. counterparts. The difference? The accidents in the U.S. were far less serious. Only months after OSHA’s post-Bhopal study on the U.S. chemical industry’s chances of producing a similar incident (OSHA reported the possibility as very unlikely), a similar spill did occur, in Institute, West Virginia—100+ people became ill, no deaths. The result? The chemical manufacturing industry swiftly cleaned up its act. Three-Mile Island terrified the American public into a more-than-healthy respect for the potential harm a nuclear reactor represents. Even with no deaths or injuries from Three-Mile Island, nuclear power is no longer treated casually. The U.S. again reassessed its regulatory standards after Chernobyl, learning the lessons in industrial safety Chernobyl had to teach.

1.4.2 REGULATORY INFLUENCE

Over the years, several changes related to safety in the workplace in the United States have come about because of regulations enacted by the U.S. Congress (most of which, at their conception at least, were based on the British example). The impetus for Congressional action in this area was prompted by increased pressure on legislators (by the public) to force businesses to adopt safety measures, and to provide hazard-free workplaces. The strong influence of governmental authority in regulating the safety and health of workers in the workplace cannot be overlooked. One of the most important pieces of legislation that directly affected the push for a safer and healthier workplace was the advent of workers’ compensations laws. The main intention of the proponents of workers’ compensation legislation was to advance occupational safety programs, which in turn sparked the need for highly trained safety engineers to design, implement, and manage them.

1.4.3 LEGAL RAMIFICATIONS

Soon after laws are enacted the legal profession becomes involved. New regulation means eventual testing of the law through the court system—for safety regulation, this means providing legal services for workers’ complaints against employers for hazarding their safety and health, and other related on-the-job concerns. This, of course, is what has happened, and it has had a profound effect in the workplace. In the old days, the employer hired someone and expected that person to work long, hard hours without getting injured. If the employee was injured, the employer simply showed him the door and that was that. Workers now have a venue for action against dangerous conditions in the workplace. Times have changed.

Thus the goal of most employers quickly became to prevent such legal actions—because they are costly both in money and time. The primary way in which employers avoid expensive litigation is by ensuring compliance with applicable laws and regulations. They most often accomplish this by assigning the responsibility for ensuring workers’ safety and health on the job to a designated safety official. Often this designated safety official is a fully qualified safety engineer.

1.4.4 RECOMMENDED TRAINING PROGRAM FOR SAFETY ENGINEERS

For several years there was (and, to a lesser degree, still is) considerable confusion and disagreement about exactly what type of preliminary training, if any, a typical safety engineer should have. Much of the confusion and disagreement stems from certain practices fostered by various industries throughout the industrial complex. Let’s take a look at a few of these practices as they evolve, based on organizational attitudes.

Often a company considers safety within the organization as being the full responsibility of the employee. Management in these companies feels (obviously, they aren’t thinking) that expensive safety programs, safety equipment, and safety professionals to administer these programs are not necessary. “Safety is expensive—safety doesn’t contribute to my bottom line—it takes money away from it.” Have you heard this statement or a version of it before? Unfortunately, this attitude is much more common than you might think.

Even today in this age of regulation and enforcement (namely by the Occupational Safety and Health Administration—OSHA) the scenario described above is still practiced in various industries—at least until such an organization is cited by OSHA, or pays the expense brought about by litigation filed by workers and unions against the organization for violation of safe work practices.

When an organization is “hit in the head” by such actions, various (often predictable) reactions are to be expected. Typical reactions include paying the fine and continuing operations as before, assigning an employee to be “the safety person,” or hiring a full-time professional safety engineer.

1.4.4.1 Paying the Fine

When cited by OSHA, an organization may decide to pay any associated fines and then go back to business as usual. Certain company owners and/or managers actually believe that it is easier and cheaper to pay any fines levied by OSHA or other state and local authoritative bodies than to fully comply with their “costly” regulatory requirements. This attitude and practice is unfortunate, short-sighted, and illegal—but until recently, when Congress stiffened the penalties and dramatically increased the fines levied, many industries simply ignored OSHA and its requirements to provide a safe and healthy workplace for workers.

1.4.4.2 Assigning a Safety Person

Another typical reaction employed by company owners and managers of companies cited by OSHA is to comply by assigning a worker from within the organization as “the safety person” for the organization. In some cases this practice has actually worked. For example, if the in-house employee (who probably has little or no safety experience) is a highly motivated, active, and dedicated worker, he or she can successfully complete assigned safety duties in a manner that both provides safety and health protection to the workers and may bring the company into compliance with the regulators.

However, let’s take a look at what happens, more often than not, when a company chooses a worker for the Safety Officer position. In industry, often the opinion is held that with the appointment of a “safety person,” the company’s responsibility for controlling hazards becomes the safety person’s sole responsibility. Upper management on down the chain of command then “brush off” their responsibility for safety onto the safety person. Not only is this notion an example of convoluted thinking, but it is decidedly wrong—the “ultimate” responsibility for the safety of workers cannot be delegated. Experience clearly shows that this practice ultimately destroys any real chance for safety achievement. Why? Let’s take a closer look.

If a company follows the procedure described above and simply selects some worker to become the organization’s “safety person,” the success of the designated safety person in accomplishing his or her safety duties is directly related to the amount of upper management support he or she receives. Often the safety person is simply pulled from the ranks of a workforce, assigned the safety person’s duties, and given no formal training in safety and zero support from upper management. Unless that person is exceptionally dedicated to safety goals, and has the brains and guts to push for enforcement, he or she is doomed to failure—and thus so is the organization’s safety program.

Another problem with pulling “someone” from the existing workforce to fill in as the company’s safety person position is made readily apparent in the selection process itself. Who do you suppose is the most likely candidate to be chosen for the position? Let’s take a look at three prospective candidates. Will it be Harry from the assembly line, who can outwork any three employees on any given day? Will it be Nancy from quality control with an eagle-eye for defects, who saves the company big bucks? Or Larry, who is slower than slow, uncooperative, and basically just occupies the rarefied air in which he seems to hover?

You don’t need to be a rocket scientist to determine that the likely candidate is often going to be Larry. The managerial mindset might be: “Waste Harry or Nancy on this? Safety’s too expensive to begin with without taking away my best workers. Larry’s not working well where he is—he needs something different to keep him busy—to keep him out of the way. The safety job (that no one else really wants) is just perfect for Larry.” Thus Larry fills the company safety person position, and you can judge for yourself the potential for Larry’s ultimate success. Popular culture has given us a sterling example of such a safety officer—one instantly recognizable if you watch The Simpsons on Fox. Like Homer Simpson as safety officer of a nuclear power plant, Larry as the company safety person seems ridiculous and almost comical, doesn’t he?—until you think about the potential for risk he represents. Incompetence in the safety officer’s position is ultimately not very funny, is it?

But what would have happened if the company had decided to “promote” Harry or Nancy to the safety person position? If either Harry or Nancy (for the sake of simplicity, let’s stick with Harry) had been chosen as the company’s safety person, one thing is certain, the choice was a good one in respect to attitude and work ethic. But the bigger question is: What exactly is expected of Harry? Or as Harry would certainly put it: What am I supposed to do? Where do I start?

Where do I start? Does this sound familiar? This is a natural question for the new “safety person” to ask. This question is complicated, of course, by other considerations and questions. For example, Harry is going to want to know if he is assigned the safety person position as full-time, or as a collateral duty. If assigned the safety person’s duties as a separate full-time job, then Harry probably has the initiative and drive needed to perform the safety person’s duties in a credible manner, though the task will require Harry to learn as he goes (difficult but not impossible—it’s been done before).

Harry might learn, however, that he is expected to continue his full-time duties on the assembly line (employees who can do the work of three people are difficult to replace) and that the safety work is a collateral duty. Again, this is a typical practice in many industries, especially in companies with a workforce of less than twenty people or so.

If Harry is assigned the duties of company safety person, he is going to find out (since he is determined and conscientious) what several thousand other folks thrown into such positions in the past have already found out. That is, finding a more challenging or more mind-boggling collateral duty assignment than that of “the safety person job” may be impossible. This statement may seem strange to those managers who view safety as a duty that only requires “someone” (anyone) to keep track of accident statistics, to conduct safety meetings, and perhaps place an occasional safety notice or poster on the company bulletin boards. The fact is, in this age of highly technical safety standards, government regulations, and insurance requirements, the safety person has much more to do and many more responsibilities than placing posters on bulletin boards. Our friend Harry will soon find out that safety is a full-time job.

1.4.4.3 Hiring a Professional Safety Engineer

Another safety person scenario in common practice today (typical for companies with 25 or more employees) is to hire a professional full-time safety engineer as the company’s safety person. This full-time position may be titled Safety Director, Safety Manager, Safety Administrator, Safety Officer, Safety Official, Safety Coordinator, Safety Specialist, or some other variation. The title is not important; the job classification requirements or duties are.

Typically, a safety professional is expected to organize, stimulate, and guide the company’s safety program, as well as keep up on safety subjects and regulations, and function as a resource person for all those involved in the work. Normally, in this capacity, the safety professional, as a staff person, holds very few to no administrative powers over the operating components of the company. Is this a good practice? It depends. When you factor in the responsibility of company line officials who are primarily responsible for the operating components of the company, then yes, it is a good practice (in most cases).

Are you confused? If so, consider this. If the company safety person is designated as “the person” solely (the keyword is “solely”) responsible for the safety and health of workers involved in the operating components of the company, then instead of line management, which through chain of command holds the managerial power to control unsafe work practices and conditions, management often will relegate (or abdicate) this responsibility solely to the safety person. Obviously, this is not only an unhealthy situation—it could have titanic consequences (remember Bhopal, Chernobyl, or Three Mile Island?—how could we forget?).

Just what responsibility—and enforcement power—does or should the safety professional have? What can (and does) a safety officer do in those situations when he or she observes, for example, an imminently dangerous work situation or practice in progress? Should the safety professional just stand there and let the line manager in charge continue a dangerous and life-threatening operation? No, the safety professional must take action.

What action? The potency of the safety professional lies in the capacity to use well-marshaled facts to persuade the line managers to act in safety’s behalf. In other words, the safety professional who observes any unsafe act or unsafe condition should immediately point this out to the manager in charge.

What if the manager in charge is not available? What is the safety professional supposed to do then? Good question—one that has been asked for decades (the answers received have not always been what you might expect). A company safety professional should be given enough authority to stop work when required—when danger to the safety and health of workers, the public, or the environment is imminent.

Caution is advised, however. While the company safety professional should have the authority to stop work because of unsafe conditions or unsafe work practices, this authority must not be abused. Interfering with line operations and stopping work as a show of power over nickel-and-dime trouble or for dreamed-up causes is not recommended.

Because of OSHA, insurance company requirements, and fear of litigation, common practice today is that larger companies hire a qualified safety professional—they don’t promote from within. This brings us back to explaining exactly what qualifications the safety engineer is typically expected to have today. Along with experience, the professional safety engineer is expected to be a college graduate with a degree in safety and health management, industrial hygiene, environmental health, engineering, business administration (with safety course completion), or some other affiliated field.

The National Safety Council publishes every other year an updated list of colleges and universities that offer safety training. In addition, the Board of Certified Safety Professionals (an organization that sets the standards for registering safety engineers as Certified Safety Professionals—CSP) has suggested a standard baccalaureate curriculum for the safety professional. Note that the Board of Certified Safety Professionals does not infer that their suggested curriculum is the “only” academic program that can successfully prepare individuals who plan to enter the safety profession; instead, the content included in their proposed curriculum is minimal for meeting the educational requirements for becoming a CSP.

Let’s take a look at some of the minimum college requirements.

♦ Calculus I and II

♦ Statistics

♦ Biology I and II

♦ Chemistry I and II

♦ Technical Writing

♦ Composition

♦ Physics I and II

♦ Graphics

♦ Economics

♦ Psychology

♦ Public Speaking

♦ Applied Mechanics

♦ Materials and Processes

♦ Several Engineering electives

♦ Safety and Health I and II

♦ Industrial Hygiene

♦ Toxicology

♦ Computer Science

♦ Management

♦ Safety Engineering

♦ Fire Prevention and Protection

♦ Several other safety electives

1.4.5 CERTIFIED SAFETY PROFESSIONAL (CSP)

Does completing the minimum educational requirements automatically qualify a candidate for certification as a safety professional? Not exactly, but the candidate is headed in the right direction. To qualify for and obtain certification as a certified safety professional (CSP), certain requirements must be completed. These requirements include:

♦ Graduation from an accredited college or university with a bachelor’s degree in engineering, or some other field such as occupational safety and health.

♦ Completion of at least five years of professional safety experience.

♦ Achievement of a passing score on both the core examination (safety fundamentals) and the specialty examination (management aspects, construction, comprehensive, engineering, product safety, or system safety).

If you are familiar with the requirements for registration and licensing for a Professional Engineer (PE), you will notice that the qualification requirements for CSP designation are very similar, especially regarding the two-tiered testing process. In achieving PE status, an engineer must first successfully complete a fundamentals examination, which leads to designation as an engineer in training (EIT). For CSP certification, candidates must also successfully complete a fundamentals (or core) examination, which leads to designation as an associate safety professional (ASP). This is not a recognized certification as such, but the designation does indicate a candidate’s progression (as does the engineering EIT designation) toward certification.

The Safety Fundamentals examination is administered semiannually by the Board of Certified Safety Professionals (BSCP), in Savoy, Illinois. The examination is closed book and consists of approximately 280 multiple-choice questions.

The subject areas covered in the fundamentals examination are weighted as follows:



	Basic and Applied Sciences

	35%




	Program Management and Evaluation

	13%




	Fire Prevention and Protection

	13%




	Equipment and Facilities

	13%




	Environmental Aspects

	13%




	System Safety and Product Safety

	13%





The topics for the major areas given by the BSCP for the Safety Fundamentals Examination include:

1. Basic and Applied Sciences

♦ Mathematics: algebra, trigonometry, calculus, statistics, and symbolic logic.

♦ Physics: mechanics, heat, light, sound, electricity, magnetism, and radiation.

♦ Chemistry: atomic structure, bonding, states of matter, chemical energetics and equilibrium, and chemical kinetics (addressing both inorganic and organic chemistry).

♦ Biological sciences: heredity, diversity, reproduction, development, structure, and function of cells, organisms, and populations, with emphasis on human biology.

♦ Behavioral sciences: individuals’ differences, attitudes, learning, perception, and group behavior.

♦ Ergonomics: the capabilities and limitations of humans and machines, simulation for design and training, principles of symbolic and pictorial displays, static and dynamic forces on the human frame, response to environmental stress, and vigilance and fatigue.

♦ Engineering and technology: applied mechanics, properties of materials, electrical circuits and machines, principles of engineering design, and computer science.

♦ Epidemiology: the application of epidemiological techniques to the study and prevention of injuries and occupational illnesses.

2. Program Management and Evaluation

♦ Organizations, Planning, and Communication: general principles of management applicable to the organization of safety function, safety program planning, and communication.

♦ Legal and Regulatory considerations: federal, state, and local safety and health legislation, workers’ compensation laws, regulatory agencies, contractual relationships, and public/product liability.

♦ Program Evaluation: the identification, selection, and application of qualitative and quantitative measures to evaluate and document the need for specific control programs.

♦ Disaster and Contingency Planning: the identification of types of emergencies, plan-of-action considerations, training, and equipment needs.

♦ Professional Conduct and Methods: principles that define the rights and responsibilities of safety professionals in their relationships with each other, and with other parties.

3. Fire Prevention and Protection

♦ Fire Prevention: inspection procedures, hot work permits, flammable liquids handling and storage considerations, and other factors intended to control sources of ignition and fuel.

♦ Structural Design Standards: emergency egress design, fire resistive construction, and fire and smoke containment.

♦ Detection and Control Systems and Procedures: principles and design of fire detection and warning systems, fixed and portable extinguishing systems, fire and emergency drills, and fire brigade organization and training.

4. Facilities and Equipment Design

♦ Facilities and Equipment Design: methods, standards, and principles of design for the control of injury-causing conditions associated with facilities and equipment in general.

♦ Mechanical Hazards: identification and control of injury-causing conditions associated with facilities and equipment in general.

♦ Pressures: identification and control of exposures associated with compressed gases, pressure vessels, and high-pressure systems.

♦ Electrical Hazards: the nature of electrical shock, grounding, insulation, ground fault circuit interrupters (GFCIs), and inspections.

♦ Transportation: identification and control of hazards associated with transportation of personnel and materials.

♦ Materials Handling: identification and control of injury-causing conditions associated with both manual and mechanical materials handling, hoisting apparatus, conveyors, and powered industrial trucks.

♦ Illumination: the assessment of the quality and quantity of illumination with respect to accident prevention.

5. Environmental Aspects

♦ Toxic Materials: the identification and assessment of hazards associated with chemicals and other materials producing or capable of producing a harmful effect on biological mechanisms.

♦ Environmental Hazards: the identification, assessment, and control of potentially harmful effluents.

♦ Noise: the principles and methods of measurement, assessment, and control of noise exposures.

♦ Radiation: the principles and methods of measurement, assessment, and control of radiation exposures, both ionizing and non-ionizing.

♦ Thermal Hazards: the identification and assessment of exposures associated with temperature extremes.

♦ Control Methods: respiratory protection, protective clothing, ventilation, shielding, and process controls.

6. System Safety and Product Safety

♦ Product/System Design Considerations: Product or System design considerations associated with the prevention of product liability losses.

♦ Product Liability Administrative Aspects: administrative and legal considerations associated with the prevention of product liability losses.

♦ Reliability, Quality Control and Systems Safety: general concepts of product and system safety as they relate to reliability and quality control.

Upon successful completion of the safety fundamentals examination, the ASP designation is awarded. The CSP candidate must then decide which of the CSP specialty examinations he or she will sit for. Upon successful completion of the safety specialty examination, the CSP designation is awarded.

1.5 The Three E’s Paradigm

Throughout this chapter, we have stressed the importance of employing a qualified safety person to be responsible for the controlling, coordinating, and managing of the company’s safety program. The keyword we have stressed throughout is “qualified.” By now you should have a good feel for why “qualified” is important.

Creating a safe work environment is the primary goal of safety officers—and that safe work environment can be created, controlled, coordinated, and managed by applying the three E’s of safety: engineering, education, and enforcement.

We have pointed to the importance of engineering in safety—to the design of control systems to enhance occupational safety and health. Again, the requirements of OSHA, increased employer liability, and heightened worker awareness of the implications of unsafe and unhealthy work environments all contribute to this need. Experience has shown that the vast majority of engineers concerned with design and operation have not been adequately trained to recognize or control existing or potential safety and health hazards. Worse, the past tendency for safety considerations has been to call in the “engineers” only after equipment or process design and installation have been completed. This has been and is, obviously, a serious shortcoming. In this text we not only stress the need to “engineer out a hazard,” but to do so in the preliminary process—in the design phase. We stress the proactive mode (developing preventive actions before accidents occur), not the reactive mode (deriving preventive actions from accidents) because it just makes good common sense to fix something before it becomes a problem.

Engineering includes virtually every preventive action necessary to correct a physical hazard (including such simple steps as maintaining good order and discipline within the workplace, and maintaining housekeeping measures such as cleaning up spills, removing obstructions, etc.). Major preventive actions (i.e., “engineering out” a hazard) cover a broad range of possible steps, and require the application of physical sciences to control hazards in the workplace, including designing out hazards, modifying processes, and incorporating fail-safe devices. In other instances “engineering” may be devoted largely to more routine actions—substituting less hazardous materials, reducing the inventory of hazardous materials, and prescribing protective equipment (Grimaldi and Simonds, 1989).

Grimaldi and Simonds also point out that the scope and order of actions applied as engineering steps for the control of hazards usually include:







	Step 1.

	Evaluate process or operation and identify its harmful agents (if any).




	Step 2.

	Eliminate the harmful agents by redesign, or substitute a less harmful material, arrangement, and so on.




	Step 3.

	Shield or guard the hazard.




	Step 4.

	Isolate the hazards.




	Step 5.

	Use ventilation, wet processing, and other techniques to dilute the harmful effect.




	Step 6.

	When Steps 2 through 5 do not furnish the level of control needed, provide personal protective equipment (PPE).





Education (employee training), the second of the 3 E’s of safety, is one of the most important preventive actions the safety engineer incorporates into the company safety program. The reason for this is not difficult to understand and appreciate. Simply put, employees can’t be expected to perform their assigned functions unless they have been properly trained to perform them. Without proper training, the potential for injury or death is magnified many times. As an extreme example, if a manager tells an employee to operate a dangerous machine (say, a bulldozer or front-end loader) without ensuring that the employee is qualified to and trained on how to operate the machine, this is inviting trouble—disaster, in fact.

The safety engineer is normally called upon to conduct safety training at all levels of organizational strata, but safety training usually begins with the supervisor. This makes sense since the supervisor is primarily responsible for ensuring that his or her workers are qualified (trained) to do their jobs.

Note that the safety engineer can enhance the company’s overall safety profile by employing the expertise of supervisors in the establishment and maintenance of the company’s safety program. Experience has shown that no matter how hard the safety engineer works to improve the company’s safety program and no matter how conscientious he or she is, if the supervisors don’t buy into the program, it is doomed to failure.

Exactly what training should the safety engineer provide to supervisors? Generally the safety engineer needs to train supervisors to recognize hazards and explain the appropriate actions to be taken. More specifically, supervisor safety training should focus on four tenets:

♦ Develop safe working conditions and safe working practices.

♦ Conduct employee safety training that stresses the real need for safety. This is best accomplished by personalizing the training (i.e., relate the training to workers’ jobs, their functions within the company—show how it can and will benefit them).

♦ Encourage employee participation. In personalizing safety, what we are really talking about is employee participation. We have stated that it is important for the safety engineer to have the supervisors “buy in” on the company’s safety program—and this is true—but it should be stressed that worker safety is what safety engineering is all about. Make the workers part of the company’s safety program. In our experience, safety engineers can learn a lot by just listening to workers—they have good ideas. Look at it this way—the workers face the job hazards each and every day. Their opinions may prove invaluable to the safety engineer.

♦ Implement safety rules. While the safety engineer usually has a good “feel” for what an organization needs in the way of safety rules, safety rules often need to be tailored to the type of work performed. For example, if the company’s primary work deals with material handling operations, the focus of safety rules will more than likely be on rules dealing with safe material handling operations.

Enforcement, the last of the three E’s of Safety, is more than just achieving compliance with company rules and procedures. This is especially the case today when company (and thus employee) practices must be in compliance with federal, state, and local laws, regulations, and consensus standards.

When a company puts together a set of safety rules, safe work practices and procedures, but fails to enforce them, the rules are not worth the paper they are printed on. Enforcement normally implies punishment; however, the safety engineer must not be regarded as the wielder of such. The safety engineer makes a serious mistake whenever he or she becomes the company “enforcer.” Instead, the primary lesson the company safety engineer must learn to be successful is to be an advocate for safe work practices in his or her company, not just a regulator of safe work practices.

A significant factor included in the enforcement element (one often overlooked) is the use of “praise” where a good safety effort emerges. The safety engineer who does not recognize employees who complete their tasks in a correct, safe manner loses a golden opportunity to employ the positive to reinforce what is commonly viewed as the negative: enforcement. When an employee is singled out by the company safety engineer and supervisors for outstanding performance of some function conducted safely—in full view and earshot of his co-workers—the effectiveness of the company’s safety program is often elevated to a higher level; one which is otherwise often difficult to attain.

1.6 The Safety Engineer’s Duties

The company safety engineer, as the organizer, stimulator, and guide of the safety program, performs a number of significant tasks. Probably the easiest way to illustrate what is typically required of a safety engineer (and clearly reinforce our previous statement that a safety engineer must be a Jack or Jill of all trades) is to take a look at an example job description for such a position.

Company Safety Engineer—Examples of Duties

♦ Conducts independent work activities based on broad directives.

♦ Manages Safety Division and Safety/Environmental Health activities for company departments.

♦ Promotes awareness among company employees of the benefits of safe operation.

♦ Plans, coordinates, and supervises safety activities; evaluates company safety rules, policies, safe work practices, and training procedures; and recommends changes as appropriate.

♦ Coordinates implementation of safety rules, policies, safe work practices, and procedures.

♦ Provides liaison and coordination between departmental safety officers and committees concerning safety activities; reviews and inspects operations and related maintenance procedures; and recommends actions to ensure safety of company employees.

♦ Investigates safety accidents and recommends policies/procedures and/or other actions to correct problems or prevent future accidents.

♦ Plans, coordinates, supervises, and reviews recording and reporting of safety data and information.

♦ Assists with the procurement of contractual services or materials and supplies for safety activities.

♦ Supervises safety training activities for all company departments.

♦ Manages OSHA, SARA Title III, CERCLA, and other regulatory requirements.

♦ Directs development of trial or pilot safety programs.

♦ Reviews and critiques drawings, contract specifications, and OSHA 200/300 logs of prospective outside contractors, ensuring compliance with 29 CFR 1910.119 Process Safety Management requirements, including pre-construction safety briefs for contractor supervisory personnel.

♦ Continuously improves knowledge of general and specific information pertaining to safety equipment, regulatory requirements, programs, and procedures.

♦ Collects, analyzes, and arranges information in such a manner as to fulfill management’s decision-making needs.

♦ Assists various levels of management by originating and developing policy recommendations, operating plans, programs, measures, and controls that will permit the effective accident-free use of human and material resources.

♦ Manages the company medical surveillance program, including CDL physical exam requirements, pulmonary function testing, audiometric testing, and environmental sampling/testing programs.

♦ Manages training program for HAZWOPER compliance.

♦ Publishes annual Safety Training/Medical Testing/Safety Inspection schedule.

♦ Investigates and mitigates employee reports of unsafe conditions.

1.7 The “S” in Safety Engineer

To this point in the chapter, we have mostly rehashed the same information presented in the first edition of this text, because this information is still pertinent, current, and germane—until this point. We’ve reached the one exception. Consider the following:

September 11, 2001: Four commercial airplanes are hijacked on the East Coast. American Airlines Flight 11 out of Boston crashes into the North Tower of the World Trade Center with 92 people on board. United Airlines Flight 172, also out of Boston, crashes into the South Tower of the World Trade Center with 65 passengers on board. American Airlines Flight 77 out of Washington Dulles crashes into the Pentagon with 64 on board. Flight 93 out of Newark, New Jersey, crashes into a rural, western Pennsylvania field with 44 people on board. An estimated additional 2,666 people on the ground (many of them fire and rescue workers) die in the World Trade Center and another 125 are dead in the Pentagon. Over 3,000 people die in one day as a result of terrorist attacks (U.S. Department of State, 2002).

Are safety engineers responsible for preventing terrorism in the workplace? The short answer is yes. In fact, that emergency response plans were in place and running helped to prevent 9/11 from being anywhere near as destructive to human life as it could have been, and as the initial reports predicted. No one will hold safety engineers responsible for preventing passenger planes from being deliberately crashed into the World Trade Center and the Pentagon, as that kind of management takes place on a higher level, but they should be involved with decisions regarding terrorism in the workplace.

Even though no written OSHA Standard mandates that a written workplace terrorism program is required, it should now be included in any comprehensive safety or loss control program. For example, the workplace Security Plan could be attached to the emergency response plan. The point is, because of 9/11, companies are expanding their programs to incorporate control of terrorism and acts of subversion within the company. This makes sense when we consider that many company Safety Engineers are already responsible for addressing bomb threats and prevention of workplace violence. Adding security concerns to the wide range of responsibilities of Safety Engineers is the logical next step.

The events of 9/11 changed many elements of our society. One of the major changes has to do with the workplace itself—architecture, building plans, and company activities are now viewed in a different light. Now we must factor in a new “what if” scenario—what if our company comes under terrorist attack, from within or from outside the company?

Because of the need for increased security, the Safety Engineer’s job has expanded exponentially. We discuss security concerns and prevention techniques in greater detail in Chapter 33. For now we point out that the “S” in Safety Engineering takes on a new connotation—Security. We can say that 9/11 super-sized the S in the practice of Safety Engineering. In section 1.6, we listed the duties of the company Safety Engineer. Here’s an essential addition to the list:

♦ Planning, managing, and implementing a company Security Plan.

Summary

Does the job description make the job of safety engineer seem like a task too great for one individual to handle? Don’t let it scare you away. With the proper training, attention to duty and detail, good organizational skills, proper company-wide delegation of safety responsibilities, and clear-headed thinking, the job of safety engineer, while always challenging, is achievable.

Review Questions

1. In what disciplines do safety engineers need expertise?

2. In what ways are safety engineers “generalists?”

3. What is the safety engineer’s role in industry?

4. Why are both college degree study and hands-on experience important for safety engineering professionals today?

5. Why is “prevention” more important than “reaction” in safety engineering?

6. Aspects of civil, industrial, mechanical, electrical, chemical, and environmental engineering are critical to the safety engineering profession. Why? What do these areas provide for the safety engineer?

7. What do safety engineers learn from studying the Bhopal case?

8. What can safety engineers learn from studying 9/11?

9. When new safety regulations are enacted, what is the general industry response?

10. How have safety and health regulations affected the average workplace?

11. Who is (or should be) responsible for safety in industrial facilities?

12. What are the pros and cons of promoting from within versus hiring a safety professional?

13. What problems are associated with assigning someone safety officer functions as collateral duty?

14. What is a safety engineer’s duty if
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