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INTRODUCTION
For the purpose of this subcourse, psychology and physiology are defined as follows:

Aviation psychology is the science of human behavior in the operation of simple or complex aviation systems and subsystems.  This definition applies to air and ground crews, as well as their supervisors and managers.

Aviation physiology, in a broad sense, is the branch of biology dealing with the processes, activities, and phenomena incidental to and characteristic of life.  Aviation physiology can be defined as a specialized field dealing with the function and dynamics of aircrew personnel and passengers under flight conditions.

Aviation psychology is an important aspect of accident prevention.  Accurate information regarding the way people behave is needed even more today with the military services developing weapon systems of ever greater complexity.  Commanders depend on the human beings who must learn, operate, and maintain each extremely complicated system.  Many of our present day weapon systems are limited by the people who man them.  With more complete knowledge of human behavior, man can be matched to the system, and supervisors will have greater insight into what to look for prior to an accident.

Probably no area demonstrates more clearly the interdependence of human beings and machines than does modern flying.  Human beings frequently fail as functional system components.  Human error is a related cause factor, or major contributor, to the accident when the individual’s performance of his job deviates from that required by the operational situation.  Human error is the reason for approximately 82 to 84 percent of all accidents.  Unless we are willing to accept the responsibility for this high percentage of accidents, we must produce and use more information about human behavior links in the system.  During the next war, victory may well belong not to the force with the strongest battalions or best guided missiles but to the force that has gained a vital 10 percent in correctly handling human factor problems.

For the purpose of our discussion, we will deal primarily with aviators.

However, the teaching points could just as easily be related to mechanics, radar operators, crew chiefs, tower operators, or personnel from any other task area that supports aviation.

Eleven credit hours are awarded for successful completion of this subcourse. You must achieve a minimum of 70% on the subcourse examination.
LESSON 1.
LEARNING, MEMORY, AND INTELLIGENCE

TASK:
Apply psychological factors of learning, memory, and intelligence to the field of aircraft accident prevention.

OBJECTIVE:
You will be able to apply the following factors of learning, memory, and intelligence:


a.
Methods of learning.


b.
Factors which influence learning.


c.
Transfer of training.


d.
Human memory as contrasted with mechanical storage devices.


e.
The course of forgetting.


f.
Factors which influence remembering.


g.
Definition of intelligence.


h.
Role of intelligence in safety.

CONDITION:
You may use the lesson text and reference to complete the review exercise.

STANDARD:
You must correctly answer five of seven review exercise questions.

REFERENCE: 
Aviation Psychology, developed in 1954 and reprinted under Government Contract AF 33 (608) -18.

LESSON TEXT

1.
INTRODUCTION 

The ability to learn is one of humanity’s most outstanding characteristics.  Learning is an active process whereby mental habits are practiced during the physical application experience.  Once learned, the skill is stored in man’s memory.  While man cannot match the speed of a computer for recall, he excels in storing modest amounts of information for long periods and then recalling relevant facts at appropriate times.  This is especially true when solving problems that involve generalized patterns or prior experiences.  Mixed with learning and memory is intelligence, but does it come before learning or is it used after the learning is stored? Intelligence is the ability to learn or understand, to deal with new or trying situations, to apply knowledge, and to reason.  This lesson deals with the characteristics of learning, memory, and intelligence that are so important for adapting individuals to the special conditions and requirements of flying.

2.
LEARNING

The modification of behavior through experience continues from birth to death.  This process of modification is fundamental in our culture’s emphasis on education, which is merely an attempt to provide conditions favorable to the occurrence of learning.

a.
Importance of Learning.



(1)
Human beings must largely depend on learned knowledge; whereas, animals depend on instinct.  Animals do learn, but they also appear to have less flexibility in their nervous systems and less variable paths connecting input to output.  The highly developed human brain, especially the cerebral cortex portion, provides an individual with greater potential for varying behavior to suit circumstances.  One pays some penalty, if it is a penalty, for this flexibility by spending most of life learning.



(2)
Learning to fly is often a very difficult process.  Many hours are required to learn new facts and skills.  Additional time is needed for transitioning to new aircraft and maintaining proficiency.  One way an aviator can achieve and maintain proficiency is by flying an increased number of hours; however, a factor of equal or greater importance is how this time is used.  Some important learning may not occur at all, because there may be no opportunity for it.




(a) A study disclosed that emergency procedures were necessary in almost 95 percent of the cases in a large number of accidents involving high performance aircraft.  Emergency procedures were used in approximately 85 percent of the cases, but over half of the procedures used were incorrect.  Furthermore, increased aviation experience did not appear to be associated with an increased proportion of correct emergency action.




(b) The same study supported the general notion that increased flying time in high performance aircraft was conducive to lower accident potential.  For those aviators who had less than 500 total hours of jet experience, the accident rate during the first 50 hours of flying was approximately three times greater than during the subsequent 50 hours.  A similar study found that aviators who flew high performance jets less than 50 hours in six months had an accident rate almost twice as high as those aviators who flew more often.  Such studies suggest that learning is not at all a simple process that can be counted on to occur automatically or have permanent effects.


b.
Methods of Learning.



(1)
A generation ago, many people believed that every time a new fact was learned, a new wrinkle appeared in the brain.  Although this was a commonsense notion, it had no foundation.  Undoubtedly, there are functional changes, probably in the patterns of nerve impulses that flow in the brain.  But science awaits the invention of techniques that will allow their observation.  Our knowledge about learning today was gained from studying the peripheral conditions involved.



(2)
If a motivated organism, human or animal, is placed in a new situation where it must discover an unknown way of manipulating the environment to achieve satisfaction, the organism will explore the situation by trying first one response and then another.  Eventually, it may discover the one that leads to success.  This basic process can be directly observed in animals but often is obscured in human learning by our ability to indefinitely delay responses to stimuli and by the extraordinary utility of language that permits learning to occur at purely symbolic levels.  The modification of behavior under circumstances where reward or the avoidance of punishment is contingent on occurrence of a specified response is called instrumental conditioning.  When a new stimulus is attached to a response we already can make to an old stimulus, classical conditioning occurs.  Many of the phobias that people develop, in flying and other circumstances, are the result of classical conditioning.  Observational learning occurs through observance of the model demonstrating desired behavior and is called modeling.



(3)
Although conditioning probably underlies all learning, often it is further divided into motor, perceptual, and verbal learning.  Motor learning refers to making skilled responses with arms, hands, or feet.  Some examples include driving a car, riding a bicycle, or flying an aircraft.  Perceptual learning involves pattern discrimination, such as learning to tell the difference between one sensory pattern and another and attaching meaning to these patterns.  Verbal learning concerns common social symbols, primarily words.  There are interesting differences among these three kinds of learning.  For example, motor skills seem to be retained longer, once learned.  Material learned at a verbal level may not be easily translated into motor performance.  This is one reason safety rules are often ineffective in making people behave more safely and why reading about emergency procedures does not ensure the ability to perform them.


c.
Factors Which Influence the Course of Learning.



(1) Aristotle pointed out that learning is painful.  Before and since his time, people have sought easy roads to education.  If all the books about how to learn without effort were piled in one spot, they would make an impressive bonfire and probably should.  There is no painless road; however, there are some factors that help.  Certain conditions that must be present before efficient learning can occur are that—




(a)
The material must be within the capability of the learner.




(b)
The learner must be motivated to learn.




(c)
There must be the opportunity to practice.




(d)
If the training objective is to produce technical proficiency, the material to be learned must be relevant to that proficiency.




(e)
Training must be conducted at an optimum pace for the learner; that is, sessions of the proper length and coverage of material will be used at the proper rate.




(f)
The learner must be aware of his progress, or lack of it, as measured against a known standard.



(2)
These are simple but often ignored principles.  Remember the study cited at the beginning of this lesson? Increased aviation experience did not appear to be associated with an increased proportion of correct emergency actions in accidents involving high performance aircraft.  A similar study of these accidents concluded that, at that time, aviators had a generalized lack of knowledge of how to handle the aircraft and a particular lack of knowledge of emergency procedures.  In another context, one very common deficiency observed in combat training in one of the services is that many of the personnel did not have an opportunity to practice or were not able to obtain knowledge of results concerning the correctness or incorrectness of their performance.



(3)
Each of the above general principles embodies a number of specific requirements.  Professional educators have elaborated these into voluminous texts.  The person who wishes to become a professional teacher soon finds this out.  Current training for aviation safety officers includes the importance of his role as a teacher and his effectiveness in modifying the behavior of other people toward the objectives of greater safety.  There will be many opportunities and requirements for the safety officer to act as an instructor.  The course in educational principles is designed to present detailed suggestions as to how to proceed in this role.


d.
Transfer of Training and Habit Interference.



(1)
Lack of experience has been cited again and again as one of the primary causes of human error accidents.  This relationship has been found out not only for new aviators in the flying business but also for experienced aviators who transition to new aircraft.  Why would an aviator with more than 2,300 hours make a gross error in landing an F-4 after the 28th hour on this type aircraft or another aviator with 1,800 hours stall an F-4: when landing the first time? What happens when an Army aviator has to fly first a light propeller plane, next a helicopter, and then a multiengined transport? 



(2)
These kinds of problems really are learning problems.  Transitioning from one aircraft to a different one requires transfer of training.  To the extent that two aircraft are similar in cockpit configuration and flying characteristics, transition will not be too difficult.  Unfortunately, different models differ in many ways, some gross and some subtle.

These differences impede transfer of learning.  Sometimes there are reversals of control display relationships involved in transition that cause habit interference or negative transfer.  These can be deathtraps.




EXAMPLE: Three current fixed-wing aircraft have the control sequence on the throttle quadrant arranged in Figure 1.  Pilots who fly all three types report that they have inadvertently reduced the propeller when they intended to cut the throttle.
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Figure 1.  Throttle quadrant control sequence.

(a) Transfer of training.  Transfer of training is the basis for educational and training efforts, so it must work in the general case.  Certainly, many aspects of the aviator’s experience are helpful when transitioning from one aircraft to another.  The aviator can learn to fly the new aircraft much more quickly than if he had never flown before.  General principles and rules, technical knowledge, and motor skills all transfer, but all can also cause habit interference if not appropriate to the new aircraft.

(b) Habit interference.  Habit interference occurs when old habits are taken into new situations where they are inappropriate.  The psychologist’s way of saying it is that, if the old and new situations contain similar stimulus patterns, they will have a tendency to evoke the same responses.  But, if different responses are, in fact, required, habit interference will result when the aviator changes from one situation to the other.  The aviator must learn not to make old responses before reliably making new ones.  Unfortunately, if the aviator is distracted or under mental stress, he is apt, unknowingly, to revert to the old responses when in the new situation.

(c) Negative transfer.  Negative transfer also can be caused by stimulus reversal.  In aviation, the oldest example of this problem is the "fly to" versus the "fly from" display.  It began with the artificial horizon indicator.  Should the airplane symbol or horizon line move? The argument has not been settled conclusively.  Unfortunately, a certain proportion of the aviator population is subject to reversals in orientation when confronted with one type of instrument and then another.  When there are both "fly to" and "fly from" instruments on the same panel, very few aviators are totally immune to negative transfer when shifting from one to the other.



(3)
A certain amount of negative transfer is inherent in all transitioning from one type of aircraft to another.  An important factor aggravating negative transfer is the fact that most aviators do their most thorough learning on the first few aircraft they fly.  They feel the need to work harder and learn thoroughly.  Once established as professionals, they often feel they have learned the basic skills and do not need to practice as hard when new aircraft come along.  Unfortunately, this means that old habit patterns are stronger; and, wherever old habit patterns conflict with new habit patterns appropriate to new aircraft, they may supervene unless the aviator is constantly on the alert to prevent them.



(4)
Aviation safety officers should be alert to negative transfer problems.  Anytime a unit gets different aircraft or is assigned new aviators who have come from flying other types of aircraft, this factor is a potential cause of accidents.  Aircraft and procedures in question should be checked for hidden traps that could expose aviators and ground crews to habit interference.  Possible remedies involve indoctrinating unit personnel in the nature of negative transfer, construction of checklists for those controls and procedures identified as hazards in this respect, and extra drill on pertinent aspects of the new aircraft to bring new habits up to greater strength than old ones.



(5)
If a unit has to operate several different types of aircraft (rotary wing and fixed wing), it might be a good idea to divide the aviators into corresponding groups.  If this is not possible, aviators who have to remain current in all types of aircraft should receive careful indoctrination in the dangers of habit interference and be reminded continually about this hazard.  Either distraction of attention or the effects of psychological stress (anxiety) can cause aviators to revert to wrong responses, often with disastrous consequences.

3.
MEMORY 

The capacity to delay responses is known as memory.  Memory is necessary for all performances that involve remembering.  Unfortunately, human memory is fallible.  How often do maintenance personnel forget to finish an assembly or to leave tools in dangerous places in the aircraft? How often do aviators forget to lower wheels before landing? 


a.
Memory Storage.  The unreliability of memory has been recognized in aviation, and the many checklists in use attest to this.  These certainly are practical remedies for potential failures of memory.  There are other procedures that may help prevent accidents due to memory failures.  Placing reminders in places where they will serve to jog the memory may improve maintenance and operations.  Similar reminders in planning and briefing rooms and at other strategic points can help aviators remember important items of equipment or important procedures.


b.
Human Memory Contrasted With Mechanical Storage Devices.



(1)
The invention of the stored program digital computer has resulted in development of remarkable electronic memories.  It remains unchanged in the memory for as long as it is wanted, even if electrical power to the computer fails.  This core memory occupies slightly more volume than the entire body of an adult man.



(2)
Human memory depends primarily on the cerebral cortex.  It consists of a thin layer of neurons only a few millimeters thick which overlies the two cerebral hemispheres.  The volume occupied by the cerebral cortex probably would not overrun a teacup.  Hundreds of thousands of items of information may be stored in the cortex in a human lifetime.  However, these items are not equally accessible.  Many cannot be voluntarily brought into consciousness at all; some can be recalled only under special conditions, such as hypnosis; and only a relatively few are available to immediate recall.  Human memory is not an "on demand" storage source.  In fact, some experiences are carefully hidden away and prevented from entering consciousness even though they are retained in memory.  This active forgetting is called repression.



(3)
Many things we feel we need to learn and remember are not there when we want to recall them.  Constant practice is needed to keep them in memory in a useful form.  On the other hand, a sight, a sound, or an odor may cause some long forgotten experience to come flooding back into consciousness with almost the vividness and immediacy of the original incident.  This phenomenon is called reintegration.  The strange characteristics of memory suggest that it is not either thoroughly understood or perfectly reliable.



(4)
In many situations the characteristics of memory add to the charm and interest of people.  However, they are not much of an asset when we attempt to use memory as a storage device in the control loop.


c.
Measures of Remembering.  The act of bringing material from memory into consciousness is called remembering.  In view of the characteristics of memory, it is not surprising that there are different ways of measuring -remembering.  In the order of their sensitivity, the three important methods used are called recall, recognition, and savings.



(1)
Recall.  In the method of recall, individuals are asked to remember everything they can.  In the laboratory situation, they typically are asked to learn poems, lists of nonsense syllables, or prose passages.  Then after a time interval, they are asked to recall the learned material.  Recall is the tool used in interrogating witnesses to an accident.  It is notoriously unreliable under these circumstances because witnesses--




(a) Almost never expected the accident and, hence, were not prepared to observe.




(b) Usually are not trained observers.




(c) Had only one exposure to the material they were asked to recall.




(d) May unknowingly elaborate on what they saw to tell a "good story." 



(2)
Recognition.  The method of recognition involves showing individuals all or fragments of material to which they have previously been exposed or have once learned.  Generally, individuals can recognize more material than they can recall.  Hence, recognition is the more sensitive method.  It is a favorite of the courtroom, where witnesses are asked to identify objects related to crime.



(3)
Savings.  The method of savings depends on relearning.  Long ago, a man named Ebbinghaus discovered that something is retained in memory long after recall and recognition fail.  He performed many experiments, using himself as a subject, in which he learned lists of nonsense syllables.  He waited days, weeks, months, and even years before relearning them.  Ebbinghaus found that the second learning always required fewer trials than did the first.  He concluded, therefore, that the lists had not been completely forgotten--something from them had been retained in memory.  Ebbinghaus did a thorough job.  In some cases, he waited 10 or more years before applying the test and obtained positive results even after these long intervals.  His work suggests some fascinating speculation about what the nervous system retains.  There are several theories about this, but none are supported by enough facts.  It is believed possible that enormously complex patterns of nerve impulses become established by learning and continue to flow through closed loops to store what is learned.  According to this view, memory depends on dynamic and ultimately transient phenomena that would leave no permanent physical changes to be observed.


d.
The Course of Forgetting.



(1)
You know that you have to fly frequently to maintain your proficiency.  Several studies found that there is a clear-cut relationship between the amount of flying per time interval and accident rate.  As stated earlier, one study disclosed that aviators who flew less than 50 jet hours (fighter type) during six months had an accident rate 

almost twice as high as aviators who flew more.  This suggests that forgetting could have been part of the problem, although it is not known whether initial proficiency was matched between the two groups.  Many laboratory experiments reveal clearly that the fine edge of motor skill is lost without practice and that access to verbal material in memory also decreases rapidly unless the material is used.



(2)
There probably are several causes of forgetting.  One of the most important in adult human activities is called retroactive inhibition.  This is the deleterious effect of subsequent experience on retention of what already has been learned.  The greatest effect is found when the subsequent experience involves exposure to material similar to that involved in learning.  Most things you learn have meaningful relationships to what you already know.  This makes them much easier to recall.  Furthermore, you use most material learned in everyday life rather frequently--it is relearned again and again, and each time it is reconstituted in memory.


e.
Factors That Influence Remembering.



(1)
It may be helpful to summarize what has been said about memory and forgetting with some general statements as those listed below.




(a) Retroactive inhibition is the most important cause of forgetting soon after learning.




(b) Individuals tend to remember best those things used most often.




(c) Individuals tend to remember best those things they have learned thoroughly.  However, inadequate training must not be confused with forgetting.  If you never really learned emergency procedures, it would be inaccurate to say you forgot them.




(d) Individuals tend to remember that which they want to remember.  All of us have had the experience of looking up a telephone number, using it once, and then forgetting it.  You easily could have memorized the number if you expected to need it again.  This principle goes further.  We tend to forget unpleasant experiences sooner than pleasant experiences.  Extremely disturbing experiences sometimes are repressed and kept out of consciousness altogether.  Such experiences continue to exist in memories and may even influence behavior.  Generally, they can be recalled under hypnosis.




(e) There is a tendency to remember meaningful patterns rather than unrelated bits of information.  Furthermore, once we learn the underlying pattern (a sequence of responses), we may be prone to forget specific parts of it.  The aviator who is distracted while in the landing pattern may report "gear down and locked" because he cannot remember which part of the landing sequence he did not perform before being distracted.  The aviator may feel that he has completed the whole pattern of responses up to that point.




(f) Individuals tend to remember vivid, unusual, or emotion-ladden experiences better than commonplace, everyday experiences.  An example that illustrates this point is an aborted takeoff that results in a near accident; it will be remembered long after routine takeoffs are forgotten.




(g) People are able to remember only a few things at a time.  If you sat down and tried to remember everything you could, you would have to do it in serial fashion.  You could not make everything you know flood back into consciousness all at once.




(h) We tend to remember recently learned material better than material learned earlier.




(i) Although we may never completely forget anything that we learn well, for all practical purposes, it may become inaccessible to use.



(2)
Memory is interrelated with attention.  Whenever it is important for an aviator to remember, elimination of distractions in the situation is indicated.

4.
INTELLIGENCE 


Intellectual capacity unquestionably is the most important human attribute.  The slow progress of the human race from its origins in prehistory to its present world dominance is marked by many milestones.  Most of them were erected by brilliant people.  The practical usefulness of intelligence in many jobs is recognized.  All professions require certain levels of intelligence before admitting candidates to professional training.  Certainly, intelligence is a major consideration in the selection of aviators.  It is worthwhile, then, to examine briefly some of the interesting facts that are known about intellectual abilities.


a.
Definition of Intelligence.  Intelligence is the ability to learn or understand, to deal with new or trying situations, to apply knowledge, and to reason.  After a half century of studying intelligence, psychologists today conclude that it is not one ability but many.  Each ability occurs to different degrees in different people.  Some of the primary mental abilities are reasoning, verbal fluency, verbal comprehension, spatial visualization, numerical facility, rote memory, and perceptual speed.


b.
Origins of Intellectual Capacity.



(1)
Because of its cultural importance, intelligence has been given its share of attention by scientists.  One of the puzzling questions they have tried to answer is whether intellectual capacity is inherited or whether it is acquired by the individual after birth.  The capacity for intellectual growth certainly seems to be inherited.



(2)
Good environment plays a part in determining an individual’s mental abilities.  This has been demonstrated by many studies.  The general conclusion is that heredity sets the range within which an individual’s intellectual capacity can develop.  Environment then determines whether this capacity remains at the bottom or reaches the top of the range.


c.
Role of Intelligence in Safety.



(1)
Aviators in the service have been selected partly on the basis of intelligence; individuals below average in this respect are not found in their ranks.  Because aviators are a specially selected group, there is not enough variation in intelligence among them to permit definitive results if correlations could be run between intelligence and some measure, such as accident rate.



(2)
It would be correct to argue that high intelligence helps to comprehend the complexities of flying and anticipate dangerous situations.  To this extent, it certainly is related to safety.  All of us have witnessed "dumb" accidents that caused us to ask ourselves the question, "How could that person have been so stupid!" Intelligence is a necessary attribute for survival in the technological world of aviation.  The complexities of modern weapon systems and the short training times available for learning about them place a premium on this human attribute.  Probably every aviation safety officer has directly and indirectly observed the consequences or lack of understanding of equipment on the part of personnel responsible for operating or maintaining it.  Also, these officers have despaired of getting adequate performance from individuals with low average intelligence.

REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
Transitioning from one aircraft to a different aircraft requires 


A.  rationalization.


B.  negative transfer.


C.  habit interference.


D.  transfer of training.

2.
Memory and forgetting can be summarized by which of the following? 


A.  Emotion-ladden experiences are difficult to remember.


B.  Individuals tend to remember best those things used occasionally.


C.  Retroactive inhibition is the most important factor in remembering right after learning.


D.  There is a tendency to remember meaningful patterns rather than unrelated bits of information.

3.
Today, psychologists conclude that intelligence is 


A.  reflected as ability.


B.  not one ability but many.


C.  produced by inheritance alone.


D.  fostered by environment alone.

4.
Increased aviation experience appears to be associated with an increased proportion of correct emergency actions.


A.  true 


B.  false 

5.
Classical conditioning occurs when a new stimulus is attached to a response the organism already can make to an old stimulus.


A.  true 


B.  false 

6.
Aviators in the service have been selected partly on the basis of intelligence; hence, individuals with below average intelligence are not found in their ranks.


A.  true 


B.  false
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7.
Human memory depends primarily on the cerebral cortex.


A.  true 


B.  false

REVIEW EXERCISE SOLUTIONS

1.
D.
(paragraph 2d(2)) 

2.
D.
(paragraph 3e(1)(e)) 

3.
B.
(paragraph 4a) 

4.
B.
(paragraph 2c(2)) 

5.
A.
(paragraph 2b(2)) 

6.
A.
(paragraph 4c(1)) 

7.
A.
(paragraph 3b(2))

LESSON 2.  MOTIVATION

TASK:
Apply the psychological factors of motivation to aircraft accident prevention.

OBJECTIVE:
You will be able to apply the following psychological factors of motivation:



a.
Instrumental learning.



b.
Internalization.



c.
Basic conflicts in motives.



d.
Consequences of unresolved conflicts.



e.
Resolving conflicts.



f.
Motivating for safety.

CONDITION:
You may use the lesson text and reference to complete the review exercise.

STANDARD:
You must correctly answer at least 8 of 10 review exercise questions.

REFERENCE: 
Aviation Psychology, developed in 1954 and reprinted under Government Contract AF 33 (608) -18.

LESSON TEXT

1.
INTRODUCTION 


This lesson and Lesson 3 will discuss the characteristics involved in flying.  The human being is the only component in the control loop who derives satisfaction from flying or suffers from fear and anxiety.  Yet, the best trained, most intelligent aviator cannot function adequately unless properly motivated and able to handle the anxiety that is an inherent part of flying.  The incapacitating effects of fear and anxiety are recognized by the military services, and various measures are taken to deal with them.  Sometimes, these measures are extreme.


EXAMPLE: Some military regulations require removal of an aviator from flying status for manifesting fear of flying.
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2.
MOTIVATIONAL PROBLEMS IN AVIATION a.  Flying holds both positive and negative attractions.  Every aviator has experienced some of the feelings expressed in the following soliloquy:

When a man is sitting in his flying machine watching the whole panorama of nature unfolding beneath the vast reaches of flight, he knows exhilaration unmatched by a thousand other experiences.


b.
Every aviator also has experienced, to some degree, the unavoidable danger, discomfort, and fear in flying.  As flight surgeons put it, "The reality behind the stress which brings on anxiety associated with risks of military aeronautics is the fact that one can be killed while flying." 


c.
These positive and negative attractions can constitute a motivational conflict.  Human beings are attracted to and repelled by flying.  Normally, the strength of the conflict is reduced by effective aviators who are able to deemphasize its negative side.  Nevertheless, it is a conflict inescapable in flying.  Each aviator has to come to terms with this conflict.


d.
An individual may start flying with good motivation and then gradually shift to an unhealthy pattern due to changing circumstances of his personal life.  Another individual may never have had correct motivational support to fly and, consequently, may be on the ragged edge of inadequate performance every time he goes up.  Yet, another person may be well motivated until some traumatic experience (a narrow escape from death or loss of a friend) restructures his attitudes toward flying.


e.
Symptoms of inadequate or incorrect motivation generally manifest themselves sooner or later as reactions to flying stress.

3.
HOW MOTIVES ARE GENERATED 


A brief look at some of the basic psychological facts about motivation is worthwhile.  By no means is everything known--this is a difficult phenomenon to study--but some aspects are known.  These aspects provide a good background for understanding observed behavior.  Needs that are felt may motivate an organism to activity, but they do not guide this activity into need-satisfying responses.  The newborn infant kicks and screams when hungry.  These responses alone would not avert starvation.  Hungry adults ordinarily do not walk into supermarkets, open cans, and satisfy their hunger on the spot.  This response might assuage the need, but it would be punished by society.  A few moments of thought about the extraordinary variety of ways and places in our civilized cultures in which the sex drive is manifested or exploited will help to further illustrate the point.  People learn need-satisfying responses 
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that are socially permitted, approved, or both.  This acquisition depends on two behavioral processes--instrumental learning and internalization.


a.
Instrumental Learning.



(1)
If a hungry rat is put into a Skinner box in which there is a small lever connected to a source of food, it will explore the box minutely and eventually will press the lever to release a food pellet into a trough.  At first the rat may not grasp the relationship between the lever and food.  After a number of lever pressings, however, it will.  When this occurs, the rat will cease exploration of the box and focus attention on the lever, pressing it again and again until hunger is satisfied.



(2)
The psychologist would say this is an example of instrumental learning.  In general terms, a motivated organism explores its environment, trying first one response and then another, until it happens upon the one response that will produce whatever is needed to reduce its need.  This successful response is reinforced by the fact that it immediately preceded satisfaction; whereas, the unsuccessful responses did not.  Reinforcement means that the organism will have a greater tendency to repeat the successful response the next time this particular need arises.



(3)
Is this an oversimplified laboratory situation with no real pertinence to everyday human behavior? Not at all.  The laboratory merely permits us to exclude helter-skelter stimulation and confine behavior to an observable set of responses.  The phenomenon being studied, instrumental learning in this case, occurs in both contexts.  It is, in fact, the fundamental way in which you learn how to satisfy your needs.  In adult humans, its operation is obscured by the continuous stream of behavior which fills every waking moment.  It is modified by human ability to transmit, receive, and understand verbal and other symbols which can be surrogates for environmental events or objects.  You can read or be told how to behave to achieve a goal and thus learn without so many intervening trials as the rat requires.


b.
Internalization.



(1)
Internalization is a term used for the process whereby a child learns parental and social standards for behavior and develops its own internal model of these standards.  So far as the culture at large is concerned, most internalization occurs in the preadult years of life.  Children are rewarded and punished by their parents until they learn that only parentally approved, need-satisfying responses are safe.  If they behave in disapproved ways, they suffer from guilt and anxiety even if their parents do not catch them in the act.  They know they are risking loss of parental love on one hand and punishment on the other.  Young adults are exposed to the same behavioral straitjacket as members of schools and other social institutions.  They carry with them into these situations learned standards from home.  They try to conform rather than
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risk loss of social approval, specifically of the group to which they wish to belong.



(2)
There is a peculiar aspect of this concerted coercion of individual behavior into socially approved molds.  It is the fact that most individuals soon adopt laws imposed on them from without as their own private rules.  They even become anxious if they see others breaking the rules.  In short, they have developed a conscience or, as the psychologist calls it, a superego.  It acts as a substitute for parents and society and continues to punish for infractions of the rules.



(3)
It is not surprising that some very strong social motives develop out of this process.  In most of us, the desire for social approval and the need to enhance and protect our conceptions of ourselves (self-approval) are powerful determinants of the ways in which we behave.  Social approval and social status are attractive goals.  Most individuals will go to considerable lengths to achieve standing in the group to which they belong.

4.
CONFLICTING MOTIVES 


a.
Basic Conflicts.  One type of conflict, the flyer’s conflict, was described at the beginning of this lesson.  This approach-avoidance example is one of several useful conceptions of motivational conflicts.  Other conflicts are called the approach-approach, avoidance-avoidance, and double approach-avoidance.  Classifying a particular unhealthy pattern of motivation in these terms helps us to understand the resulting behavior and visualize ways of helping an individual out of a dilemma.



(1)
Approach-approach conflict.  When this conflict develops, the individual is torn between two equally attractive but mutually exclusive goals.  The old joke about the donkey that starved to death between two haystacks because he could not decide which one to go to first illustrates the point.  Our animal friend really was not much more stupid than we sometimes appear to be when faced with this conflict.



(2)
Avoidance-avoidance conflict.  An individual suffering from this conflict is caught between "the devil and the deep blue sea." Two equally unattractive alternatives are present and only one can be avoided.



(3)
Double approach-avoidance conflict.  Things really become complicated when this conflict is present.  A person in this situation has to choose between two equally attractive goals to which are attached equally unpleasant consequences.  Either way the person jumps, he will experience satisfaction and frustration.




EXAMPLE: A college student may be torn between making a good scholastic record and making the football team.  If he chooses the former, he will lose the regard of his immediate associates, all of whom are football players.  If he chooses the latter, he will lose the approval of his parents, who have professional aspirations for him.
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b.
Consequences of Unresolved Conflicts.



(1)
From a purely theoretical viewpoint, a person in a psychological conflict is trapped because of relationships between positive and negative goal strengths (Figure 2).  The avoidance gradient usually is steeper than the approach gradient.  Both vary in strength with the distance from the goal.
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Figure 2.  Relationships between positive and negative goal gradients.



(2)
In an approach-avoidance situation, the individual is attracted to the goal and proceeds toward it until reaching the point at which the two gradients cross.  At this point, the individual is repelled as much as attracted and remains in this area unable either to approach or leave.  In the avoidance-avoidance situation, a person is caught between two negative goals.  Whichever direction this person starts, the negative gradient soon becomes so strong that he reverses direction and starts toward the other negative goal.  This only results in meeting the same increasing repulsion.  Individuals in such situations typically either attempt to leave the whole conflict situation or they vacillate back and forth without being able to settle permanently on either goal.



(3)
Practically speaking, the consequences of unresolved conflicts are manifested in definite impairment of performance and in subjective feelings that are extremely unpleasant.  The latter, characterized as emotional misery, may lead to psychosomatic mental illness.  This and other emotional aspects of frustration are discussed in Lesson 3.



(4)
Impairment of performance often takes the form of vacillation, apparent stupidity, rigidity, and fixation.  These symptoms are characteristic of stress, whether produced by conflict or by some other source.  Hence, it cannot be concluded that a person manifesting them always is suffering from an unresolved conflict.  They are observable in conflict situations, however; and there is no doubt that 
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psychological conflicts and flying are a poor mixture.  If the conflict is not related to flying, its existence will detract from an aviator’s ability to attend to his job.  If it arises from some aspect of flying (abort or continue the takeoff run), failure to resolve it promptly can be as dangerous as choosing the wrong alternative.

5.
MOTIVATION AND SAFETY 


What can aviation safety officers do about motivational problems? This is an area in which their sphere of activities overlaps the domain of the flight surgeon.  The latter has the responsibility for dealing with individual cases in which flying proficiency has been judged to be too low due to such problems.  The flight surgeon also has the responsibility for the mental health of his group, insofar as he can contribute to it.  However, there are measures concerning motivation and safety that can be taken by the aviation safety officer.


a.
Resolving Conflicts.



(1)
Those acute motivational conflicts that arise directly from the flight situation have a typical chronological development.  At some phase of the mission, the aviator finds himself rapidly approaching a point at which a decision must be made between or among alternative courses of action.  Each alternative involves a number of interrelated variables-some are known but others are not so clearly apparent.  The aviator must decide before passing the "point of no return." 



(2)
Training, SOPs, and regulations help to solve conflicting situations by specifying the alternatives to take under most foreseen conditions.  Emergency procedures have been developed that are supposed to be the best alternatives to follow for certain classes of extreme conditions.  Unfortunately, there usually is not time for the aviator to calmly contemplate the situation.  He usually does not know all of the procedures, regulations, and admonitions that have been produced to cover the situation.



(3)
An aviator is more apt to make the correct choice of alternatives in time if he has had thorough training in emergency procedures; has been shown the dangers of vacillation, rigidity, and fixation of behavior; has been taught to plan the mission thoroughly; and knows that it usually is wise to stick with a decision once made.


b.
Educating and Motivating for Safe Flying.



(1)
Safety may be hard to sell.  This unfortunate fact was discovered anew by automobile manufacturers several years ago.  One manufacturer in particular featured automobiles with safe door latches, padded dashes, deep-dish steering wheels, and safety belts.  These features had been demonstrated by a scientific laboratory to be definite contributors to driver and passenger safety.  Was this manufacturer’s 

20

product outstandingly successful that year? To the contrary, the company’s losses were among the heaviest of its history.



(2)
It can be argued that the uneducated public is not comparable to the highly selected military flying population.  Yet, it is doubtful if all the factors that make safety unsalable to the public are absent from aviation.  Safety results from undramatic maintenance, tedious inspections, tiresome planning, dull practice, and unremitting vigilance.  These requirements are called by various names, are often lumped under the catchall military heading of discipline, and always seem to be contrary to unbridled human tendencies.



(3)
Education for safety is the only known way to alter human behavior in that direction.  An inherent requirement of education is that trainees be motivated to learn and to apply what they have learned.  Motivation, in this regard, involves many considerations and much careful attention to subtleties.  This topic will be discussed throughout this subcourse.  The following points summarize what is known about educating and motivating for safety:




(a)
Safety propaganda (posters, catch phrases, and so on) may serve to keep the topic in everyone’s thoughts.  By itself, however, it has doubtful power to change behavior.




(b)
Material about safety is more apt to be accepted if it is realistic and not overdrawn or oversimplified.




(c)
Most of us rationalize that it cannot happen to us.  This probably is a useful protection against stress.  However, this protection also acts as a screen between the individual and the full acceptance necessary to personalize the pertinence of safety regulations to the individual.




(d)
People more readily accept prescriptions for safe acts (emergency procedures) by doing them than by reading about them.  Demonstrations, simulators, and opportunities for practice are more effective than verbal material for getting people to internalize regulations and practices.




(e)
Positive rewards for safe acts and desirable attitudes toward safety generally are more effective in changing behavior than punishment of unsafe acts.  However, these rewards should be related to motivational patterns.  Punishment has an inhibitory influence.  Although it may be necessary, it is not sufficient by itself for altering performance in the desired direction.




(f)
Most people identify with group goals and values.  Specific items or procedures related to safety will have a better chance of being accepted if group leaders (commanding officers) make it clear that they personally accept them.  Promoting safety as a group value is an important part of the aviation safety officer’s job.
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(g)
Consistent management and supervisory practices regarding safety are extremely important for group morale and motivation.

REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
Consequences of unresolved conflicts are manifested 


A.  In fixation of behavior.


B.  as a conflict of motives.


C.  as an incorrect choice of action.


D.  In definite impairment of performance.

2.
Instrumental learning is when specific responses are 


A.  ignored.


B.  reinforced.


C.  conditioned.


D.  internalized.

3.
The best way to alter human behavior for safety is by 


A.  awards.


B.  education.


C.  punishment.


D.  safety propaganda.

4.
When an individual is torn between two mutually attractive goals, it is an example of which type conflict? 


A.  approach-approach 


B.  approach-avoidance 


C.  avoidance-avoidance 


D.  double approach avoidance 

5.
Strong, socially acceptable motives are generated by a process that is imposed on the human from birth through adulthood.  Ultimately, it becomes the individual’s own set of rules.  What is this process called? 


A.  reward 


B.  reinforcement 


C.  rationalization 


D.  internalization 

6.
A person in a psychological conflict is trapped between positive and negative goal strengths.


A.  true 


B.  false
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7.
Impairment of performance often takes the form of fixation, vacillation, rigidity, and apparent stupidity.


A.  true 


B.  false 

8.
An aviator is more apt to make the correct choice of alternatives if he knows that it usually is wise to stick to a decision once made.


A.  true 


B.  false 

9.
Symptoms of inadequate or incorrect motivation generally manifest themselves sooner or later as reactions to flying stress.


A.  true 


B.  false 

10.
Consistent management and supervision practices do not motivate groups toward safe flying practices.


A.  true 


B.  false

REVIEW EXERCISE SOLUTIONS

1.
D.
(paragraph 4b(3)) 

2.
B.
(paragraph 3a(2)) 

3.
B.
(paragraph 5b(3)) 

4.
A.
(paragraph 4a(l)) 

5.
D.
(paragraph 3b(l)) 

6.
A.
(paragraph 4b(l)) 

7.
A.
(paragraph 4b(4)) 

8.
A.
(paragraph 5a(3)) 

9.
A.
(paragraph 2e) 

10.
B.
(paragraph 5b(3)(g))

LESSON 3.  EMOTION

TASK:
Apply an understanding of the psychological and physiological aspects of emotions to improve aviation safety.

OBJECTIVES:
You will be able to apply an understanding of the following aspects of emotion:


a.  Physiological effects.


b.  Psychological effects.


c.  Fear and panic.


d.  Emotional stresses.


e.  Reactions to emotional stress.


f.  Hazards resulting from emotional stress.


g.  Methods of dealing with emotional stress.

CONDITION:
You may use the lesson text and reference to complete the review exercise.

STANDARD:
You must correctly answer at least seven of nine review exercise questions.

REFERENCE: 
Aviation Psychology, developed in 1954 and reprinted under Government Contract AF 33 (608) -18.

LESSON TEXT

1.
INTRODUCTION 


a.
Precisely defining an emotion is very difficult.  There is no clear-cut distinction between emotional and nonemotional behavior, because the human emotions blend into one another like the colors of the spectrum.  The basic emotions of gloom, love, fear, delight, and anger often combine in various degrees to produce complex patterns, such as zeal, awe, hatred, contempt, romantic love, patriotism, and religious ecstasy.  Even pleasant and unpleasant emotions are often mixed.



EXAMPLE: A man who is promoted to a better job in a different city may be torn between pride in his achievement and regret over leaving his friends.


b.
A further problem in defining emotion is the generalized nature of an emotional response.  This literally involves the entire organism.  It is difficult, if not impossible, to observe and measure all the physiological and psychological changes that make up an emotional response.  We can, however, distinguish various aspects of behavior designated as emotional and can study each of these in appropriate ways.

2.
PHYSIOLOGICAL EFFECTS 


a.
Everyone is familiar with some of the symptoms of emotion.  Obvious emotional reactions include "butterflies" in the stomach, the pounding heart, sweaty palms, and dry throat.  These are reflex responses over which an individual has no voluntary control.  They are characteristic of the violent emotions of fear and anger.  They also occur in less extreme emotions, such as worry.  Even in more pleasant emotional experiences, such as elation, many of the same reflexes take place.


b.
Less obvious reflex responses also occur.  The most important of these is the increase in secretion of certain endocrine glands.  The adrenal glands, for example, become more active during emotion; the increased amount of adrenaline in the bloodstream prolongs and adds to reflex changes.  This has the effect of increasing blood pressure and prolonging the rapid heart rate.  Adrenaline acts on the pancreas and liver to increase the amount of blood sugar available for stimulating vigorous muscle action and reducing fatigue.  In addition, it directly affects the blood by causing it to clot more readily.

3.
MOTOR BEHAVIOR 


a.
The overall effect of these emotionally based physiological changes is to make possible more violent and prolonged activity.  The angry or frightened person can hit harder, lift heavier weights, run farther, or climb a tree faster than one who is emotionally calm.


b.
For most of the emergencies we face in modern life, the reaction called for is likely to be less violent and more skillful.  Skillful behavior is not made more effective by strong emotion.  Fear is likely to produce uncoordination and to reduce skill as shown by the stage-frightened speaker.  For this reason, strong emotion is more likely to reduce rather than increase safety.


c.
It is true, of course, that voluntary muscle action can be controlled even when a person is quite angry or frightened.  A person can often manage to do the things required in an effective manner and may not even be aware of the physiological responses until the emergency is over.  By voluntary effort and direction of attention, the person can meet the emergency with appropriate action.  This is not possible, however, if the emotion becomes extreme.  The extreme of fear is panic; the extreme of anger is rage.  The distinguishing characteristic of either panic or rage is that it is uncontrollable.

4.
MENTAL EFFECTS 


Physiologically, fear and anger are similar and many of the reflex responses are identical.  Psychologically, however, they are quite different.  Fear is an escape emotion.  The frightened person wants to run away from the emergency.  Anger leads to attack.  The angry person wants to destroy the cause of his emotion.  Because fear and anger are antagonistic in their motivational effects, they are incompatible.  The angry person is not simultaneously frightened, although he might change from anger to fear, or the reverse, readily.


a.
Narrowed Attention.



(1)
The principle way emotion affects thinking is by narrowing or channeling attention.  The frightened individual is likely to be acutely conscious of the emergency but unable to notice or shift attention to things in the periphery that might allow escape.  Many people have persisted in vain attempts to escape from a burning building or airplane, through a blocked exit, without being able to notice a clear escape route nearby.



(2)
The narrowed and concentrated attention of a panic-stricken person makes it difficult for another person to distract or control him in any way.  As in the case of physiological responses, the mental effects of strong emotion seem more likely to reduce than increase safety.  One point might be added; anger is less incapacitating than fear because it is less likely to become uncontrollable.  A calm, unemotional approach to emergencies will produce the best decisions and most skillful responses, but this cannot always be achieved.  If one becomes emotional, it is safer to adopt an angry attitude than to become badly frightened.  This is not to suggest that fighting a hopeless situation is desirable, but panic is often a cause of self-defeating efforts to escape.


b.
Gloom and Depression.



(1)
A state of reduced energy, apathy, and disinterest is produced by the emotion of gloom.  Instead of increased ability to react to an emergency, the individual is depressed, inactive, and unwilling to respond.  In contrast to fear and anger, which are likely to begin suddenly and frequently and to cease soon after the stimulus is gone, gloom is a more prolonged emotional state.



(2)
Gloom and depression reduce the individual’s alertness and responsiveness and, therefore, can make any hazardous activity even more dangerous.  Recurrent periods of severe depression should always be called to the flight surgeon’s attention.

5.
EMOTION AND ACCIDENTS 


Intense emotional experiences (panic) and the more prolonged reactions to stress, characterized by anxiety, are two types of emotional reactions that may cause accidents.


a.
Fear and Panic.



(1)
General aspects.




(a) As earlier discussed, it is characteristic of human behavior in an emergency (such as in a situation where no previously practiced response is adequate) to strongly react emotionally.  Emotion is the body’s method of preparing for violent action.  That portion of the nervous system that controls behavior in normal, routine activities gives over to the emergency system.  If an individual is in a situation requiring fighting or running away, the increased strength and greater endurance of pain or fatigue may aid his efforts.  If the situation prevents escape, however, the fear may intensify to become panic.  In such a situation, the individual is incapable of normal behavior.  He may seem to be immobilized and incapable of responding or relaxing.  More frequently, the individual acts in a way that does not fit the situation and responds with a habitual action which may not be suitable.  The individual overacts and, as a result, may intensify the danger of the situation and increase the resulting emotion.




(b) The symptoms of fear and panic often appear during aircraft emergencies.  Many instances have been observed of aviators becoming confused, overreacting, responding with a well-established habit that is the wrong one, or reverting to an error that had been eliminated from routine behavior.  When the individual is untrained to act effectively in the emergency situation, a sense of helplessness is likely to result.  Panic frequently follows and behavior becomes disorganized.



(2)
Control of panic.




(a) One course of action for controlling serious disruptions of behavior is to give the kind of training that will prevent the emergency or that will provide well-established patterns of behavior to meet emergencies that occur.  Routine situations are often frightening when faced without adequate preparation; but as they become well-learned, they cease to be disturbing.  Thorough training in emergency procedures, however, goes beyond the routine and is intended to provide practice for situations that may never occur.  Realistic training for emergencies should be based on the frequency of particular emergency situations, the seriousness of the results of failure to react promptly, and the amount of training required to develop emergency habits.  The emergency procedure should be so well-learned that it is stable, automatic, and of such a rigid sequence that important acts are not forgotten or omitted.




(b) The strength of any habit, and therefore its usefulness in emergencies, depends on the basic principles of learning.  Of these, repetition and satisfaction with the learned response are very important.  Satisfaction can often be obtained by training in the air where having solved an emergency problem gives relief and a sense of achievement.  Repetition for many emergencies, however, is difficult to arrange in the air.  Simulators offer the most practicable, and least expensive, means of repeating emergency behavior until it becomes habitual.  Learning does take place in the simulator, and the greatest value is in the area of emergency training.




(c) Another approach to emergencies and the control of emotions is by establishing good morale conditions.  People who have confidence in themselves, coworkers, and the equipment they use find they can face many emergencies without panic.  Hazards should not be denied, belittled, nor overemphasized.  Whenever hazards are emphasized, methods of meeting them should be taught.  There is good evidence, however, that along with confidence in one’s own skill, a realistic appraisal in advance of the risks of various courses of action will help if an emergency occurs.




(d) Once a person has clearly become panic stricken, it is difficult to secure his attention.  Distraction of attention is essential to control panic.  Physical violence, such as shaking or slapping the person, has been used.  Unusual stimulation will sometimes work.  Anything that makes the person angry will, at least temporarily, correct the panic.




(e) Symbols of authority, such as military rank, commands, and stimuli to which habitual attention is usually given, will often halt panic.  This is one reason why bands play the national anthem in emergencies.  People are accustomed to standing at attention when they hear it and are frequently more amenable to control as a result.


b.
Emotional Stresses.



(1)
Prolonged or recurrent emotional stress may also play a role in accidents.  There is no reason to suppose that aviators are any less subject to conflicts and frustrating situations than the rest of the population.  Although by virtue of their selection, they may be more stable emotionally and less susceptible.  It is almost inevitable, however, that some aviators will encounter stresses that they cannot handle adequately.  A great many of the reactions to such situations could be involved in accidents.  Reactions may vary from distractions and confusion to aggression.  In the extreme form, aggression includes both attacks on others and self-aggression; the extreme of the latter is suicide.  Exposure of others, or of one’s self, to an unnecessary risk may be evidence of aggressive reaction to frustration.  This is a topic of interest to the psychiatrist and the flight surgeon.  However, awareness of such reactions is advantageous to everyone, because it enables the recognition of such symptoms in one’s self as well as in others.
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(2)
Frustrations and emotional trauma may occur at any stage in life and are likely to produce long-standing, nonadaptive behavior.  Many childhood experiences have resulted in neurotic adult behavior.  Many childhood experiences have resulted in neurotic adult behavior.  Worry, anxiety, phobias, antagonism, and psychosomatic disorders are among the many results of an inability to cope with stresses.



(3)
Many people who have emotional maladjustments in specific stressful situations can be shown to have had histories of previous disturbances.  One study disclosed that approximately 80 percent of patients who had emotional breakdowns were found to have had previous personality disturbances.  On the other hand, such histories can also be found among formerly very well-adjusted and productive people.  It is necessary to be extremely cautious in interpreting the observations of reactions to stress.  Their role in accidents is not established and can be demonstrated only on the basis of careful study.

6.
REACTIONS TO STRESS 


Anxiety is a reaction to environmental and psychological stresses that impose demands on the individual or interfere with the satisfaction of motives.  It is the less violent type of emotional reaction.  If an individual did not become emotional about problems, very likely problems would be readily solved.  However, problems often become entangled with emotion.  This entanglement frequently results in behavior that is not only maladjusted but may be extremely hazardous.  In the following paragraphs certain aspects of emotional reaction to stress are discussed.  They include the causes of stress difficulties, types of reactions or symptoms of emotional maladjustment, ways in which such emotional reactions interfere with safe behavior, and steps that may be taken to deal with the problem.

7.
CAUSES OF STRESS 


a.
Environment.  Environmental sources of stress are often the most obvious and, partly for this reason, the easiest to deal with.  They include such things as fatigue resulting from thirst, hunger, prolonged work, temperature extremes, and pain of physical injury.  In addition, there are more strictly mental sources of environmental stress, such as concern over one’s status, worry about family illness, and so forth.  The aviator is often exposed to frustrating situations resulting from traffic, weather conditions, inadequacies of other persons, and many others.  These are just as likely to be even more disturbing than the discomfort and pain of physical stresses.


b.
Personal Inadequacies.  A somewhat more disturbing type of stress is that resulting from the recognition by an individual that his failures or sufferings are the result of his own deficiencies.  A student who cannot keep up with his class sees evidence of his own lack of ability.  This is certainly disturbing to him, and he may become very emotionally involved.  Even though a person may not wish to face up to 
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his own weaknesses and may try to place the blame on someone or something else, there is frequently the nagging suspicion that his deficiencies are to be blamed for the failure.


c.
Motivational Conflicts.



(1)
The third type of stressful situation, often the most disturbing of all, is that in which the individual is caught in a conflict among his own motives.  Two goals may be desired that are incompatible; that is, one cannot be achieved without relinquishing the other.  If the individual is strongly motivated toward each one, he finds it extremely difficult to give up either.  There are other times when two alternatives are mutually distasteful.  For example, in combat a soldier may become very emotional over the alternatives of facing the dangers of battle or the risk of court-martial for desertion.  On other occasions, the same goal may appear attractive and repulsive because of different motives.  All such combinations of motivational conflict frequently result in indecision, uncertainty, and intense emotional distress.



(2)
Some stresses are normal aspects of everyday life and cannot be avoided.  As a matter of fact, it would probably be of doubtful personal or social advantage to have them eliminated.  If all our needs were satisfied and our discomforts removed, we would have little reason to continue to be active.  Personal achievement and social progress can easily be shown to be the result of dissatisfaction with an existing state of affairs and of a sense of urgency about the solution of problems.  The real question involves how an individual deals with stressful situations.  The individual may respond in such a way as to achieve goals and make useful contributions to society.  On the other hand, the reaction may be bizarre, misdirected, or inefficient to the point sometimes of complete incapacitation.  The person who is mentally healthy is not of necessity one who does not experience emotion in the face of stressful situations.  He is one who does not permit emotions to reduce his capacity for dealing with the situation.  Let us consider some of the aspects of desirable and undesirable patterns of reactions to stress.

8.
TYPES OR SYMPTOMS 


a.
Desirable Reactions to Stress.  It is a sign of maturity when an individual can face stresses without incapacitating extremes of emotion.  This individual’s anxiety is under control, and he is able to direct efforts effectively.  The person is able to choose among conflicting goals and relinquish those that are not attainable without extreme discomfort.  When the occasion calls for it, he is able to work hard and aggressively toward achievement of satisfaction; but, if necessary, he is willing to compromise.  The individual is likely to understand his own motives and less likely to practice self-deception.


b.
Immature Reactions to Stress.  Stress reactions in this category vary from those that are mildly immature evidences of anxiety to such extreme behavior patterns as to be seriously abnormal.  In milder 
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forms, immature stress reactions occur frequently in the lives of everyone and are considered statistically normal.  Only when these reactions reach extremes, either in frequency or in severity, do they constitute cause for much concern on our part.  When they interfere with our efficiency or prevent solutions to problems, they are matters of concern in the field of safety.



(1)
Aggression.




(a) Aggressiveness in the solution of problems is desirable behavior.  On the other hand, aggression defined as "destructive attacks" is an undesirable response.  It is, however, among the most frequent reactions to frustration or other stressful situations.  Milder forms of aggression may appear merely amusing; for example, when a golfer’s putt refuses to drop in the cup, he may swear at the golf ball or break the putter.  In more extreme cases, aggression may involve destructive verbal or physical attacks on things, persons, or even one’s self.  Such aggression could cause an individual to risk or even deliberately cause an accident.




(b) The extreme of aggression against one’s self is suicide.  This is clearly not a normal reaction to stress.  A person may be faced with a situation in which no escape from intolerable pain, conflict, or discomfort can be foreseen.  Suicide is an escape--a destructive attack on one’s self.  On many occasions, suicide is also an act of aggression against other persons.  The person who commits suicide hopes by this act to place others in an uncomfortable situation, make them unhappy, and cause regret or remorse.



(2)
Escape devices.  Psychologically, there are ways of avoiding a stressful situation--by attempting to run away from or compromising with it.  As already indicated, escape devices are frequently entirely acceptable patterns of behavior from the social viewpoint.  Certainly, they are very common.  A few of the more frequent escape devices are listed below.




(a) Rationalization.  Rationalization occurs when a person attempts to give a reasonable excuse for some failure on his part and explains himself in such a way as to avoid loss of social status.  In an extreme case, the individual is never able to face up to the problems.  He always has an excuse by which he attempts to escape the blame for the failures.




(b) Fantasy thinking.  Daydreaming is a normal part of childhood experience.  Even among many adults, daydreaming is a frequent and harmless diversion.  However, should an individual find himself unable to face the real situations of life, he may develop the habit of substituting fancied satisfaction for actual accomplishment.  In this case, his behavior becomes personally and socially undesirable.




(c) Substitution and compensation.  Persistence in unrewarding efforts to reach an unattainable goal is wasteful and often 
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the source of intense emotional stress.  A satisfactory substitute goal is usually preferred.  Often, an individual becomes so aggressive in compensating for his failure to achieve the original goal that he produces outstanding results in achievement of the substitute.  On the other hand, the substituted goal may be socially undesirable.  Such types of behavior as crime and delinquency are often substitutes for unachievable success of more socially accepted kinds.




(d) Regression.  Sometimes, a person will find the stresses of adult life more than he can tolerate.  He will attempt to escape from them by regressing to childhood patterns of behavior.  The person becomes overdependent on others, refuses to make decisions, or accepts responsibilities.  He becomes careless about duties and is irresponsible toward obligations.  In extreme and abnormal cases, the individual assumes the verbal and behavioral mannerisms of childhood and must be cared for as a child.




(e) Nomadism.  A nomad is constantly seeking "greener pastures" in some new situation.  Psychologically, this tendency is expressed in dissatisfaction with whatever the individual is doing at the present time and a belief that any change would result in improvement.  This is an attitude that prevents the completion of any project.  Some new activity is always started, usually with great enthusiasm, only to be left uncompleted when a still newer project comes to mind.



(3)
Incapacitation.




(a) A number of reactions to stress situations produce organic or psychological changes that either incapacitate the individual or interfere with efficient performance.  Some of these reactions are extremely uncomfortable and distressing to the individual.  Nevertheless, they provide excuses, on some occasions, that enable the individual to avoid the stress or conflict situation.




(b) Since these patterns of behavior and conditions are either organic in nature or are functional conditions simulating organic disorders, they lie in the province of the physician.  It would be most unwise for the layman to attempt to identify, diagnose, or ignore any of them.  A physician can determine the type of treatment required.  If stress or conflict is causing the symptom, the physician may determine that psychotherapy or counseling is required.




(c) There is convincing evidence that many illnesses and organic conditions are the results of stress rather than consequences of physical injury or disease.  These are often the direct consequences of emotional physiological reactions.  Gastric ulcers, some respiratory difficulties, and headaches due to muscular tension are common examples of psychosomatic disorders.




(d) Stress is extremely fatiguing.  Emotional tensions resulting from a stressful situation can cause an individual to become 
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more fatigued than physical labor.  Moreover, because the tensions are persistent, the individual does not find it possible to recover through rest and relaxation.  He is likely to suffer from insomnia and be unable to secure rest through sleep.  The situation is a vicious circle.  The more fatigued the person becomes, the more difficult it is for him to relax; the more tense he is, the more fatigued he will become.  This is the most frequent neurotic symptom.  In mild degrees, everybody has experienced it.  In extreme form, it is virtually incapacitating.  Even though the individual may persist in his efforts to accomplish an objective, his work is likely to be ineffective and erratic.  Fatigue resulting from work can usually be overcome by a few hours of rest or sleep.  Chronic and persistent fatigue, particularly if accompanied by insomnia, feelings of tension, and discomfort, should always be referred to a physician for diagnosis.




(e) A clearly incapacitating pattern of stress reactions falls under the title "hysteria." These stress reactions are functional disorders which resemble a variety of organic conditions ranging from such mild symptoms as vague aches and pains to functional blindness or paralysis.  It is characteristic of these symptoms that they enable the individual to escape from a stressful situation.  During wartime, they may enable a soldier to escape from combat, because they have rendered him physically incapable of performing his duties.  At one time, this pattern of behavior was frequently called shellshock, although it was recognized that it had nothing to do with the physical effects of explosion or shells.  Most of us would find such symptoms as blindness, paralysis, or amnesia highly distressing.  However, the fact that they can be the result of emotional conflicts and stresses tends to indicate how much more intolerable the stressful situation can be for many people.


c.
Neurotic Behavior.



(1)
The symptoms we have been discussing, if extreme enough to be considered other than normal, would fall in the category of neurotic behavior.  These symptoms tend to distract an individual, interfere with efficiency, and in some cases, incapacitate him for ordinary activities.  Nevertheless, the individual who suffers from them is usually able to control his behavior and make some sort of adjustment to life.  Although often a burden to others, the individual is able to communicate normally with them and, within limits, make adjustments to the requirements of the situation.  In the more severe mental diseases, known as psychoses, the patient is no longer capable of making an adjustment to the realities of life.  In most instances, the person will have suffered a break with reality in which his world of delusions, hallucinations, and behavior is private, or imaginary, and not the experience of the real world.  The psychotic requires hospitalization and is incapable of carrying on the normal duties of life.



(2)
There are many more neurotics than psychotics in the general population.  In the field of aviation, the number of psychotics is fortunately small.  Nevertheless, sufficient cases have been 
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identified among aviators to indicate that psychosis should not be ignored.  Psychiatric screening of aviators helps to reduce the problem.  However, a considerable number of persons have psychotic behavior that does not appear until highly stressful situations develop.  Some of these symptoms are most likely to be recognized by a physician as part of routine medical examinations; other symptoms, however, may be more likely observed by persons other than physicians, such as families, close associates, commanding officers, and so on.  Since enlisted personnel in the armed services are less carefully screened, it is probable that a somewhat higher frequency of psychotic disturbance will be encountered.  Threats against other people; attempts or threats of suicide; withdrawal from reality; delusions of grandeur, persecution, or guilt; and a great many nervous or physical symptoms are often evidence of impending or actual psychotic diseases.



(3)
Because milder forms of stress reactions are far more common and are less likely to be recognized either by the individual or by others, they constitute a more common source of difficulty.  As far as aviation safety is concerned, they are hazardous in a number of ways.

9.
HAZARDS RESULTING FROM STRESS REACTIONS 


a.
Distraction of Attention.  It is characteristic of anxiety or emotional stress, like fear or panic, to narrow our range of attention.  It tends to cause us to concentrate on the difficulties that we are worried about rather than on practical aspects of the situation.  An example is the case of an aviator who felt extremely guilty because of an accident in which he had been involved.  On the first succeeding flight, he was unable to get the previous accident and sense of guilt out of his mind.  As a consequence, he made a gear-up landing.  An aviator or crew member who attempts to work while concerning himself with personal problems, or anyone else whose efficient efforts are necessary for safe flying but who is distracted by stressful situations, will constitute a source of hazard.  Safety requires full attention.  Emotional stresses and anxieties are the most disturbing distracters of attention.  A distraction may result from previous failures, personal and family problems, financial and professional difficulties, or anticipation of future difficulties.


b.
Reduced Standards of Performance.  Because stress itself is extremely uncomfortable, one is motivated to escape from it at the earliest possible moment.  The more stressed an individual is, the more he is tempted to take shortcuts to escape from the problems.  The term, "homeward bounditis," describes an example of this tendency.  Many motivations can cause an individual to reduce standards of behavior.  However, the more prolonged the stress, or the more severe the emotional conflict resulting from it, the greater the probability that the individual will succumb to the tendency to accept inferior standards.


c.
Irrational Behavior.



(1)
Many times an individual is impelled by stresses to perform some act for which no rational explanation can be given.  The 
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individual may even recognize it as being irrational and yet be unable to inhibit the behavior.  The driver of an automobile may appear almost deliberately to invite an accident by cutting in on another driver or by refusing to permit someone else to pass.  Aviators have been known to retract the gear while sitting in an airplane without a rational explanation.  The urge to do such unreasonable things, even to invite or cause accidents, can seldom be explained by the individual who does them.  Often, the acts seem to be performed unconsciously and are regretted as soon as they occur.



(2)
Somewhat more involved kinds of irrational behavior are phobias, obsessions, and compulsions.  These are chronic reactions that tend to recur uncontrollably in the experience of the individual.  The phobia is an unreasonable, morbid fear.  It is fear out of proportion to the danger of the situation.  Often, it is irrational fear of some object or situation in which no danger exists.  The most frequent examples include fear of being enclosed (claustrophobia), of high places (acrophobia), and of snakes (ophidiophobia), spiders (arachneophobia), mice (musophobia), and so on.  In milder degrees, the phobia results in merely unpleasant annoyance and tension.  In its more severe form, it produces an uncontrollable panic.  Fear of flying, often given as an explanation for withdrawal from pilot training, is probably not a phobia although fear of high places is.  Fear of flying is more often a justification arising out of a fear of failure.




(a) Phobias.  Many phobias are conditioned responses of the sort described in Lesson 1.  Others are not so much direct expressions of frightening experiences as they are evidences of stress and conflict for which the phobia is a sort of symbolic expression.  Claustrophobia, for example, is in many cases an indication of distress arising out of the domination and restraint imposed by another person, such as a parent.




(b) Obsessions.  Closely related to phobias are obsessions.  An obsession is an irrational, persistent, and recurring idea.  In its mildest form, it is similar to the tune that keeps running through one’s mind.  It can be much more disturbing when it is a recurring idea that is not only completely unrelated to present events but completely uncontrollable.  A person, for example, may have a persistent idea that he is going to make some uncontrollable mistake, one that will bring embarrassement or cause injury to another person.  The obsession is, at the very least, distracting and often leads to the belief that the individual cannot control his own behavior.




(c) Compulsions.  In compulsions, we have examples where behavior becomes uncontrollable.  A compulsion is an irresistible impulse to perform an irrational act.  It may vary from relatively simple ritualistic kinds of responses to the more elaborate and disturbing manias.  An individual suffering from a compulsion yields to an urge that he cannot inhibit even though the act may be regretted immediately after it has occurred.  It may be merely embarrassing or disastrous.  A compulsion is often an expression of a fundamental stress situation such as a need for social status or a sexual urge.  Examples of compulsive 
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behavior include kleptomania (compulsive stealing), pyromania (compulsive setting of fires), and dipsomania (compulsive drinking).  The dipsomaniac, for example, does not drink because he enjoys the taste or effects of alcohol, but because drinking becomes uncontrollable.



(3)
Phobias, obsessions, and compulsions frequently form part of a single related pattern.  For example, the person who has a phobia of dirt (nupophobia or rupophobia) may have an obsession concerning disease and infection carried by dirt.  He is likely to have a cleanliness compulsion characterized by washing hands and body frequently and insisting on immaculate clothing.

10.
HOW TO DEAL WITH EMOTIONAL STRESSES 


a.
One solution to the problem of emotional stress is to select people who are less susceptible to such difficulty and more likely to tolerate the stresses they might be expected to encounter.  This is not quite as easy as it sounds, since the evidence of lack of tolerance is not as clear as it would need to be.  Much effort has gone into development of tests for psychiatric screening, and we still do not have a completely satisfactory measuring device.  However, a psychiatrist can ordinarily identify the disturbed individual on the basis of interviews.  Even so, it is often difficult to predict how susceptible an individual may be if he has not yet encountered severe stress of the sort which has created an emotional disturbance.  An applicant for training or for a position as an aviator may be inclined to conceal evidence of his own emotional instability.  This is particularly true if he is anxious to secure the position.  Any screening device which depends on the individual to answer questionnaires is likely to be quite inaccurate.


b.
One can learn to recognize the symptoms of his own reactions to stress.  With proper indoctrination, a person may be persuaded to seek advice and care before the condition leads to serious consequence.  In the long run, we might hope that a person would learn to consider an emotional anxiety or stress symptoms no more embarrassing than the symptoms of a viral disease or a physical injury.  With proper treatment, emotional disturbances are subject to cure.


c.
The flight surgeon is trained to recognize and deal with stress symptoms.  If not a psychiatrist himself, the flight surgeon may refer an aviator who is seriously disturbed to a psychiatrist.  The flight surgeon is the first and probably the best source of help for an individual who has problems in this area.


d.
For milder stress problems, on the other hand, other sources of counsel and help exist.  If the individual’s stress arises out of financial difficulties, the advice of a lawyer may be helpful.  If it is the result of ethical or religious conflicts, the services of a chaplain are helpful.  Typically, chaplains are trained to assist individuals with minor emotional conflicts.
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e.
There are many occasions during which unnecessary causes of stress might be reduced or eliminated by careful management and organization of work.  For example, imposition of undue fatigue-causing duties might be unnecessary and would be undesirable if the resultant inefficiency were understood.  Considering the individual’s needs and motivations would lead the effective manager to avoid imposition of unnecessary stress.  Efficiency and safety can be achieved by good management.

REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
What generally results in a situation where no previously practiced response is adequate? 


A.  fear or panic 


B.  gloom or depression 


C.  aggression or regression 


D.  nomadism or rationalization 

2.
Hazards resulting from stress reactions do not include 


A.  regression.


B.  irrational behavior.


C.  distraction of attention.


D.  reduced standards of performance.

3.
What is an effective approach to emergencies and the control of emotion? 


A.  training 


B.  laughter 


C.  planning 


D.  attention to stresses 

4.
Fantasy thinking is what reaction to stress? 


A.  mature 


B.  healthy 


C.  immature 


D.  desirable 

5.
A pilot has an emergency and is incapable of following any procedures that would lead to safety.  This reaction to stress is called 


A.  nomadism.


B.  aggression.


C.  regression.


D.  incapacitation.

6.
One hazard of stress is that it tends to cause us to concentrate on the difficulties we are worried about rather than the practical aspects of the present situation.


A.  true 


B.  false
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7.
Phobias can be classified as rational behavior.


A.  true 


B.  false 

8.
It is a sign of immaturity when a person is capable of facing stresses without extremes of emotion.


A.  true 


B.  false 

9.
Symbols of authority to which attention is usually given will often halt panic.


A.  true 


B.  false

REVIEW EXERCISE SOLUTIONS

1.
A.
(paragraph 5a(l)) 

2.
A.
(paragraph 9a, b, and c) 

3.
A.
(paragraph 5a(2)(a)) 

4.
C.
(paragraph 8b(2)(b)) 

5.
D.
(paragraph 8b(3)(a)) 

6.
A.
(paragraph 9a) 

7.
B.
(paragraph 9c(2)) 

8.
B.
(paragraph 8a) 

9.
A.
(paragraph 5a(2)(e))
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LESSON 4.  PSYCHOMOTOR SKILL 

TASK:
Apply knowledge of psychomotor skills used in flying and factors which affect or degrade them to improve aviation safety.

OBJECTIVES:  You will be able to select the correct responses employing the following aspects of psychomotor skills:



a.  Psychomotor failures as causes of accidents.



b.  Types of psychomotor tasks in flying.



c.  Factors involved with learning psychomotor skills.



d.  Factors that degrade psychomotor skill.

CONDITION:  You may use the lesson text and reference to complete the review exercise.

STANDARD: 
You must correctly answer 8 of 10 review exercise questions.

REFERENCE: 
Aviation Psychology, developed in 1954 and reprinted under Government Contract AF 33 (608) -18.

LESSON TEXT

1.
INTRODUCTION 


a.
People can swim, drive cars, fly airplanes, pick up needles, and assemble machines.  They can type, climb trees, shuffle cards, and play pianos.  With the sensitive touch receptors in the tips of their fingers, they can feel the slightest imperfections in a surface.  With fingers folded, they can strike heavy blows with their fists.


b.
This lesson presents some of the facts about psychomotor behavior; that is, how people use their skeletomuscular systems to fly aircraft.  Areas to be covered in this lesson include—



(1)
Examples of accidents in which psychomotor failures were important causes.



(2)
Kinds of psychomotor behavior and conditions that degrade or disrupt psychomotor skill in flying.

45



(3)
Measures which can be taken to reduce psychomotor failures.

2.
PSYCHOMOTOR FAILURES AS CONTRIBUTORS TO ACCIDENTS 


The incident in Figure 3 illustrates one type of psychomotor failure.  There are many other examples of accidents that developed from psychomotor causes.  These are components of most accidents in the sense that the effectors are the final common path for the expression of human outputs.  Aside from failure to respond at all, an aviator may operate the wrong control or operate the right control incorrectly.  An incorrect response can be the wrong direction, too great or too little magnitude, or wrong timing.

[image: image3.png]We were on the port catapult of an aircraft carrier with all
engine instruments checking OK. During the catapult launch I felt
a swerve halfway down the track. We went over the bow in a bad
skid headed for the water.

1 immediately raised the gear and tried to keep airborne. A
quick scan of the instruments confirmed my suspicions--the star-
board engine was out. The airspeed indicated 10 knots below safe
single engine speed. Full port rudder with trim was required.
The engine was windmilling slowly. I feathered it and slowly
milked up the flaps.

As the airspeed increased, the yaw became controllable and
a slow climb was started. The carrier offered me the choice of

going to the beach or making a single engine landing on the
carrier.

Because the engine had windmilled so slowly, I decided that
it had partially feathered. A successful restart was accom-
plished at altitude, and after thorough testing, the aircraft was
landed aboard the carrier.

A thorough check of the feathering system was made and no
discrepancies were found. The only conclusion to be made was
that the copilot had inadvertently hit the feather button with
his thumb while "backing up" the pilot on the engine controls,
with the jolt of the cat shot providing the three-fourths-inch
thumb travel needed to feather the starboard engine.





Figure 3.  Case history.
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a.
Activating the Wrong Control.



(1)
When an aviator activates the wrong control, he is mistaking one control for another.  Throttle, mixture, prop controls, and flap and landing gear are prime examples.  The mistake may be due to not attending or having to operate a control while also trying to do a number of other things.  The aviator may not take time to visually identify the control he is going to use or may accidentally brush against a switch or lever.  Instances of unintentional firing of ejection seats still occur.



(2)
Many attempts have been made to shape and color code manual controls to help prevent this type mistake.  Although successful to a degree, they deal with only half the problem.  The aviator is the other half.


b.
Activating the Right Control Incorrectly.  This type of psychomotor failure is the end result of a chain of processes that begins with attention, sensation, and perception.  The final incorrect response obviously may be due to failures anywhere along the line.  Reversal of figure-ground relationships (the artificial horizon indicator) can result in moving a control in exactly the opposite direction to the one that is correct.  In general, inconsistencies in the treatment of the "fly to" or "fly from" problem on an instrument panel are predisposing to this type of psychomotor error.

3.
PSYCHOMOTOR TASKS IN FLYING 


a.
The versatility of our effector system makes its analysis difficult.  People do so many different things with arms, legs, feet, and hands that it is always necessary to narrow the range of the study to some specific task.


b.
The aviator’s motor tasks have been studied quite thoroughly in recent years.  University and government laboratories have conducted a great deal of research on tracking (moving the control stick in response to signals on visual displays).  All major aircraft manufacturers routinely simulate cockpits (with control systems feeding into analogue computers) of new aircraft and have aviators fly them for many hours.  This work is leading to more knowledge about people as responders and eventually to mathematical formulation of human transfer functions.  These functions are of primary interest to design engineers and engineering psychologists but of lesser interest to us.  These specialists often classify psychomotor behavior into serial, static movements, positioning, repetitive, and continuous movements.  All of these enter into controlling an airplane; but, for our purposes, it will be sufficient to discuss motor behavior in terms of the following two categories:



(1)
Discrete controlling actions.




(a)
The discrete controlling action is a single, isolated response.  This is the sort of thing you do when you reach the 
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panel to turn a knob or flick a switch.  Typically, you may have to make several of these responses in order to adjust the status of your airplane, such as to transfer fuel, feather a propeller, lower the landing gear or flaps, or fire the ejection seat.  These are often called ballistic movements because you throw your arm and hand toward a target (knob or switch).




(b) Accuracy of this type of movement is related to whether or not it is done blindly or with guidance from the eye and position of the target in relation to the body.  Blind positioning movements are most accurate when the target is in the center plane of the body, just below shoulder height.




(c) Time is an important factor in making these movements.  It consists of reaction time plus movement time.  One study found that it varied from about five tenths of a second when the length of the movement was only 2.5 centimeters to over one second when movement length was 40 centimeters.  Obviously, a number of these motions are required to complete a controlling action; it should be possible to finish making all of them in time.  In emergencies, this may not always be possible.



(2)
Continuous controlling actions.




(a) Generally speaking, continuous controlling actions are required when something that is continuously variable must be monitored and maintained within specified limits.  Moving the stick and rudders to either maintain or change a desired aircraft attitude falls into this category.  Aircraft control is often called tracking because you move the stick or rudder after having interpreted visual or other sensory cues from instruments or surroundings.




(b) Fundamentally, there are two kinds of tracking--pursuit and compensatory.  In pursuit tracking, you can see both desired and actual positions; you move controls to make the two correspond.  For example, you may have a scope with one plane’s and target’s movements indicated, and your job is to put one plane on an interception course to bring it into the vicinity of the target.  In compensatory tracking, all you get from the display is an immediate error indication, and your job is to correct for the error.




(c) People have some interesting characteristics as trackers.  First of all, there is their inherent lag.  It takes time for information to be received by their receptors, for integration and interpretation by central processes to occur, for a decision to be made, and for the muscles to put the decision into effect.  This is called lag and is a definite problem in control loops in airplanes.  People who are tracking also exhibit a range effect; that is, they tend to undershoot long corrective movements and overshoot short corrective movements.  People are nonlinear in their responses-the design engineer cannot count on them to maintain a constant rate, force, or acceleration throughout a control movement.  As a consequence, the design of control systems has become an intricate problem.
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EXAMPLE: Some early hydraulic boost systems killed aviators because they did not take human nonlinearity into account or were "sometimes" affairs.



(d)
Human responses to continuously changing signals, such as a sine wave, in the tracking task are relatively slow.  People can follow a sine wave up to about 2 cycles per second; then, they begin to get out of phase with the signal as its frequency increases.  When this happens, control instability called oscillation is apt to develop.  Oscillation is commonly observed when an aircraft porpoises after a hard landing.  An inexperienced aviator may try to prevent porpoising by moving the stick, only to find he is out of phase with the aircraft and is increasing rather than decreasing the trouble.  Many modern aircraft use quickened displays to compensate for lag and reduce the likelihood of oscillation.  (In quickening, movements of the controls are picked up before the airplane begins to respond.  These results are sent through integrators and displays that show the aviator where the airplane is going to be as a result of his action, rather than where it actually is at the moment.) 

4.
FACTORS INVOLVED IN PSYCHOMOTOR SKILL 


a.
As Lesson 1 pointed out, psychomotor skill has to be learned.  The neural and muscular basis for behavior begins very early and is an integral part of an infant’s development.  Learning goes on throughout life.  Through it, we acquire developed behavior (walking) as well as more individual patterns (flying an airplane).


b.
Our concern here is with factors other than learning which influence motor skill.  Hence, transfer of training and habit interference are not discussed.  Their characteristics and effects were covered in Lesson 1.



(1)
Sensory feedback.




(a)
We are aware of, but take for granted, the remarkable sensitivity of the limbs we use.  Finger tips contain hundreds of touch receptors.  Every muscle and joint is well supplied with kinesthetic receptors that tell the brain whether the muscle is taut or relaxed, joints are bent or straight, and so on.




(b)
Information is constantly returning to the nervous system from these internal receptors.  This information is used to adjust ongoing and subsequent movements.  Skilled movements would be utterly impossible without this feedback.  Even the loss of a fraction of it results in serious motor disturbances.  By means of this sensory feedback, we learn the "feel" of machines we control.  This feel is important in the development of skill.  Where controls are so designed that it cannot be used, the task of controlling is much more difficult.
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(2)
Eye-hand coordination.




(a)
People are remarkably well arranged for doing skilled work with their hands.  Their arms and hands are well within their field of vision.  They can use their eyes to guide their hands to operate and note the effects of moving the controls.




(b)
Guidance from the eyes is recommended wherever there are many different knobs, switches, and levers in a small space.  The locations of these can be, and should be, learned eventually, but spatial separation and shape-coding usually cannot be optimized in a space as restricted as a cockpit.  Identifying some controls by touch can be a risky procedure.  Many an aviator has experienced a convincing demonstration of this fact.




(c)
Vision’s other role-that of picking up results of moving controls or cues that controls must be moved--is most important.  It is not possible to specify in mathematical terms the relationships between seeing and acting, although some promising beginnings have been made on these transfer functions.  Two broad kinds of relationships are involved.  The tracking relationship was discussed above.  Continuously variable action follows a continuously varying visual analogue; such as a pointer on a dial or a blip on a scope.  In the other relationship, visual information does not vary directly with psychomotor action.  Many visual cues must be integrated and then the appropriate action taken.  Sampling, or scanning, is the more common role for vision in flying most parts of a mission.

5.
FACTORS THAT DEGRADE PSYCHOMOTOR SKILL 


Within fairly broad limits, people are quite stable in their response characteristics.  Homeostatic systems operate to maintain this stability as long as possible under adverse conditions.  However, people are not machines and their capabilities cannot be indefinitely extended.  Furthermore, as living organisms, their functions are so highly interrelated and integrated that they tend to influence each other.  For example, psychomotor skill can be temporarily impaired by such a seemingly unrelated thing as emotional arousal.  Some of the more important interrelationships include--


a.
Lowered Skill Level.  It is well to remember that human performance is a product of many interacting functions and that overall performance decrement may be the result of any of a great number of factors.  Hence, talking about degradation of motor skill is in a sense artificial, because this is merely the final common path through which the interaction of other factors is expressed.  The actual source of the lowered skill level often is located in the central nervous system or in the receptors, rather than in the muscles themselves.
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(1)
Disuse.




(a)
Lesson 1 emphasized the fact that many common motor skills are retained throughout life, such as walking or running.  It pointed out that this seemingly permanent learning really is not that at all but rather is due to constant opportunities to practice and consequently to a relatively high degree of overlearning.  People can, and do, forget how to walk.  Anyone who has spent two or three years in a hospital bed can testify to this.  Where more difficult skills are involved, disuse takes its toll even more rapidly.




(b)
A military requirement for frequent flying attests to the fact that the factor of disuse is recognized, but this requirement goes only part way in remedying the problem.  Hours flown cannot be equated with training; flying a certain number of hours per month merely provides the opportunity for training to occur.  Specific skills do not necessarily receive enough practice to be maintained at desirable levels of proficiency.



(2)
Fatigue.




(a)
The word fatigue does not have a specific scientific meaning, because it cannot be unequivocally defined or measured.  In general, it refers to a group of phenomena associated with loss of efficiency, loss of skill, and development of anxiety.  Understandably, physiologists have been interested in defining fatigue purely in physiological terms; whereas, psychologists have emphasized psychological factors.  Both are involved, but the latter is discussed here.




(b)
There have been a number of studies of the effects of fatigue (defined in terms of hours of continuous flying) on overall performance.  One of these noted an increase in forgetfulness of relatively simple tasks.





EXAMPLE: An aviator might forget to change course at the appointed time during a long patrol.




(c)
Perhaps the Cambridge Cockpit Studies were the most thorough laboratory investigations of fatigue effects in flying.  A standard Spitfire cockpit was rigged with an instrument panel.  Flight controls and actual flying conditions were simulated.  One hundred and forty subjects were given a difficult flying job lasting two hours.  Subsequently, selected individuals volunteered to continue the experiment until exhausted.  Some of the latter tests ran six to seven hours.  Data from them indicated that symptoms observed in the two-hour sessions actually were being caused by fatigue.  Quantitative changes in performance were recorded in terms of sideslip, attitude, and compass-course scores.  General conclusions from the study are listed in Figure 4.
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[image: image4.png]Timing of motor responses suffered more and more as fatigue
developed.

Subjects became increasingly willing to accept lower standards
of accuracy and performance.

Subjects shifted from following the six primary flying instru-
ments to making more automatic reactionms.

Subjects increasingly forgot to check instruments out of their
immediate range of vision; such as on the side panels.





Figure 4.  Cambridge Cockpit Studies conclusion.




(d) Another interesting effect from these studies was noted when aviators were aware of the approaching termination of a flight.  There was an "end deterioration" effect-a tendency for a sudden increase in errors at the end of a flight.  The interpretation of this effect was that the tired aviator has an almost irresistible tendency to relax when the end of the flight is in sight.  This, of course, has implications for the relatively high frequency of landing accidents.


b.
Psychological Stress.



(1)
Psychological stress has been mentioned many times as a generally harmful factor in flying.  Stressful missions that cause anxiety actually cause more subjective fatigue than longer, routine missions.  Emotional arousal uses up energy at a higher than normal rate, causing subsequent feelings of extreme tiredness.



(2)
Extreme stress causes fear or panic.  Therefore, it is apt to disrupt skilled motor behavior altogether so that the individual involved becomes incapable of making the proper responses at all.  Short of this extreme state, stress has a more serious effect on central processes, such as judgment and decision making, than on motor skill per se.


c.
Acceleration and Deceleration (Gravity (g) Forces).



(1)
Linear, radial, or angular acceleration or deceleration produce g forces.  These forces are commonly classified as positive, negative, and transverse, according to their direction in relation to the body.  They have two general effects on motor skill: they change the effective weight of the limbs and the body, thus loading the muscular system in an unnatural way, and they have physiological effects which in turn may make motor behavior difficult or impossible.  An example of the latter is black-out caused by positive g’s.  Because of the loss of vision in this condition, the aviator is unable to see cues that might 
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require motor response and may become momentarily unconscious, thus losing the capacity to act.



(2) Leg movements--moving the feet from rudder pedals to back under the seat--are most difficult under several positive g’s.  Reaching the control panel is less difficult and usually can be done if a ballistic motion is used.  The face mask for an ejection seat can be reached, if in no other way, by walking the hands up the body and face.  Pilots and crew members sometimes panic under g forces, particularly if the aircraft is out of control, and give up trying to make the necessary motions.  In most cases, enough movement is possible to effect an escape if escape routes are open.



(3) Highly skilled movements are affected by g forces primarily as the result of their effects on central processes and vision.  However, the unnatural weight of the limbs may contribute to the situation and result in inadvertent over or under correction.  The feel of the controls may change as a result of this limb loading and further contribute to the confusion.

6.
PSYCHOMOTOR SKILL AND SAFETY 


Undoubtedly, many of the causes of psychomotor failures in controlling an aircraft are well known to the safety officer.  Such general problems as inexperience, inadequate training, and poorly designed controls continually have to be met and dealt with in whatever ways are available.  The following suggestions may serve as guidelines for this practical action:


a.
Check the aircraft for boobytraps in the arrangement and action of controls.  Look for switches and knobs whose positions are ambiguous or are too close together and too alike to be distinguishable.  Look for multifunction controls whose different modes may be too easily confused.  Also, look for any control location that invites inadvertent activation when another nearby control is being used, such as the low altitude bomb aiming systems cage or uncage switch on some aircraft.  Talk to people who have had experience with the aircraft.  They may have learned about problems that are not immediately apparent.


b.
In aircraft using hydraulically or electrically boosted controls, check out their action to see if there are any points in the performance envelope at which their feel changes radically or abruptly.  Also check to see if they incorporate several modes with respect to degree of boost or final result.


c.
Make any potential problems known that you find as a result of your checks; suggest precautionary measures.  If the problem could result in a serious accident, specify exact procedures to be followed when using the controls in question.  Assure yourself that these procedures have been learned.  If possible, make local alterations that will correct the condition.
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d.
Point out the effects of fatigue and stress on psychomotor performance.  These factors may or may not be clearly recognized by everyone concerned.  Certainly, operational and management practices can subject the aviator to dangerous amounts of fatigue but do not necessarily have to do so as a matter of routine.


e.
Analyze the possible effects of acceleration and deceleration on psychomotor behavior during different missions.  Point out the places where these forces can cause psychomotor failure unless procedures are revised or the aviator is alert to the danger.

REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
Information is constantly returning to the nervous system from internal receptors.  This factor which influences motor skills is known as 


A.  sensory feedback.


B.  habit interference.


C.  transfer of training.


D.  eye-hand coordination.

2.
You have been confined to bed for a two-year period.  When you are allowed to get up, you find you cannot walk.  The skill of walking has become a victim of 


A.  disuse.


B.  fatigue.


C.  acceleration.


D.  psychological stress.

3.
An example of a continuous controlling action is 


A.  turning a knob.


B.  flicking a switch.


C.  feathering a propeller.


D.  moving the stick or rudders.

4.
You are going to pilot an airplane different from the one you normally fly.  If you take time to check the aircraft for boobytraps and to look for control locations, you are concerned about 


A.  safety.


B.  acceleration.


C.  your movements.


D.  psychological stress.

5.
A single isolated response, such as turning a knob, is what type of controlling action? 


A.  serial 


B.  discrete 


C.  continuous 


D.  repetitive 

6.
Disuse, fatigue, and stress are factors that degrade psychomotor skill.


A.  true 


B.  false 
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7.
People have some interesting characteristics as trackers.  It takes time for information to be received from their receptors, for integration and interpretation by central processes to occur, and for a decision to be made.  This is called range effect.


A.  true 


B.  false 

8.
People use eye-hand coordination when they use their eyes to guide their hands to operate and note the effects of moving the controls.


A.  true 


B.  false 

9.
A suggestion for practical safety actions is to make potential problems known that you find as a result of your checks and suggest precautionary measures.


A.  true 


B.  false 

10.
Psychomotor causes are components of most accidents in the sense that the effectors are the final common path for the expression of human outputs.


A.  true 


B.  false
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REVIEW EXERCISE SOLUTIONS

1.
A.
(paragraph 4b(1)(b)) 

2.
A.
(paragraph 5a(1)(a)) 

3.
D.
(paragraph 3b(2)(a)) 

4.
A.
(paragraph 6a) 

5.
B.
(paragraph 3b(1)(a)) 

6.
A.
(paragraph 5a) 

7.
B.
(paragraph 3b(2)(c)) 

8.
A.
(paragraph 4b(2)(a)) 

9.
A.
(paragraph 6c) 

10.
A.
(paragraph 2)

LESSON 5.  NOISE AND VIBRATION

TASK:
Apply knowledge of the physiological effects of noise and vibration to improve aircraft accident prevention.

OBJECTIVES:
You will be able to select correct responses concerning the following physiological effects of noise and vibration:



a.  Effects of noise on the ear.



b.  Hearing conservation measures.



c.  Speech communication interference.



d.  Damage-risk criteria for hearing.



e.  Personal ear protective devices.



f.  General characteristics of vibration.



g.  Vibration associated with Army aircraft.

CONDITION:
You may use the lesson text and references to complete the review exercise.

STANDARD:
You must correctly answer 8 of 10 review exercise questions.

REFERENCES:
TB MED 501 (Mar 80) and ST 1-105-8 (Aug 76).

LESSON TEXT

1.
INTRODUCTION 


a.
To aid in preventing noise induced hearing loss, the Department of the Army is continuing its education program on noise and hearing conservation which applies to DA civilians as well as to military personnel.  Installation and unit commanders are responsible for organizing effective conservation programs with the assistance of their medical staffs they must stress the use and capabilities of protective hearing devices.  The essential features of such programs are contained in applicable portions of AR 40-5, "Preventive Medicine," and TB Med 501, "Occupational and Environmental Health: Hearing Conservation." Of significance to Army aviation is the time and cost involved in training key personnel--such as aviators and mechanics--who might have to be relieved of aviation duties because of hearing loss.
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b.
The overall noise levels in Army aircraft generally exceed 100 decibels (db) as shown in Table 1.  The effect of noise on crew and passengers is increased because most Army aircraft cockpits are poorly sealed and materials for sound insulation may be removed to increase payload.



Table 1.
Approximate sound pressure levels of selected 





US Army aircraft.

[image: image5.png]DECIBELS (db)*

90-100
92-98
94-100
90-101
105-110
98-105
100-110
80-102

*Measured at pilot's positionm.






c.
Before the age of the jet engine, attention was directed only to noise problems faced by aviators.  However, the jet engine has made it necessary that ground crew personnel, working on or near aircraft, receive particular consideration.  Although flight crews are exposed to hazardous noise levels, maintenance personnel face the greatest noise problem.  Excessive high levels of noise, by impairing hearing, can affect the quality of maintenance work.  This may potentially increase the occurrence of accidents attributed to maintenance error.

Section I.  NOISE

2.
SOUND 


Sound is a physical phenomenon, measured by frequency and intensity, consisting of pressure wave variations in various media transmitted in all directions from a source.  Frequency, in cycles per second (CPS) of the wave, determines pitch.  The amplitude of the sine wave determines sound intensity measured in decibels.  Sound intensity depends on air pressure produced by a sound force.


a.
Sense of Sound.  Hearing depends on sound waves that vary from a few CPS to thousands per second.  A human ear has three main parts--outer, middle, and inner.  The outer ear is the part that protrudes from 
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the side of one’s head.  An auditory canal connects the outer ear to a very thin membrane, the eardrum, that vibrates with sound waves.  Three tiny bones within the middle ear extend from the eardrum to the inner ear.  The inner ear contains a structure called the cochlea filled with liquid.  Tiny hairs line the inner surface of the cochlea.  Each hair connects with receptor neurons of the auditory nerve which connects with the brain.


b.
Frequency and Intensity.  Adult human ears can detect sound waves in a range of 20 to 20,000 vibrations per second; however, some animals can detect sounds of higher frequency.



EXAMPLE: Bats can detect sound frequencies as high as 145,000 vibrations per second.



(1)
Noise can be classified as broadband which encompasses all audible frequencies.  They may be continuous as from a running engine or intermittent as from a weapon firing.



(2)
As amazing as the ear is in its responses to sound pressure, it possesses equally amazing capabilities as a highly selective analyzer.  As an analyzer it individually identifies a particular sound present in a background of other sounds.  Central properties of hearing, such as auditory memory, pitch perception, and loudness relationships, are distinct capacities and abilities of one’s hearing.



(3)
The frequency range necessary for effective perception and discrimination of speech signals is distributed from approximately 300 through 4,800 CPS.

3.
NOISE AND ITS EFFECT ON THE EAR 


a.
The best available evidence indicates the threshold of pain for most individuals is usually close to 120 db.  Accidental exposures, without ear protection, to levels above 150 db have been known to rupture the tympanic membrane (eardrum), dislocate the ossicular chain, and cause a permanent loss of hearing.  The Surgeon General has established 85 db as the maximum permissible steady-state noise level for continuous exposure.


b.
Some individuals’ ears are more easily injured by noise than are others.  Noise usually causes more impairment of hearing for high-pitched tones than for low-pitched tones.  In the beginning, most of the impairment is above the pitch ranges important to understanding speech.  Therefore, early damage is not noticed by the individual.  Continued exposure will cause progression of damage including involvement of speech frequencies which, if allowed to reach an advanced stage, will cause a severe handicap.  Deafness caused by noise can be prevented by reducing to a safe level the intensity of sounds that actually reach the inner ear.


c.
In many instances where injuriously loud noises are associated with an individual occupation, the intensity of noise can be reduced to a safe level by sound treating walls, machines, and the working environment.
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d.
Wearing cotton in the ears does not sufficiently reduce the amount of noise reaching the inner ear.  However, several kinds of ear protectors are available.  When properly fitted and worn, they reduce many injuriously loud sounds to a level safe for the inner ear.

4.
HEARING CONSERVATION MEASURES 


a.
Prevention of Hearing Loss.  The prevention of hearing loss from exposure to noise involves the coordinated application of engineering control measures, personal protective measures, and medical control measures.  This coordination should be supplemented by health education, supervision, and individual discipline.


b.
Noise Survey.  Whenever feasible, a noise survey should be conducted.  However, the institution of a hearing conservation program is indicated in the absence of a noise survey.  A noise survey is a prerequisite whenever persons have temporary loss of hearing, hear noises or ringing in their ears after working in a noisy area, or have difficulty in communicating by speech while in a noisy area.

5.
EFFECTS OF NOISE 


a.
Auditory.  Tinnitus (ringing in the ears) is experienced by many individuals who have been exposed to high intensity noise.  It is subjectively apparent at approximately 3,000 to 6,000 CPS of pure tone in pitch, usually lasts for a short time at a loud level immediately following noise exposure, and then gradually diminishes.  However, individuals with permanent hearing loss due to noise exposure usually experience tinnitus for long periods of time.  Tinnitus is most noticeable in quiet surroundings.  Numerous complaints of tinnitus have been registered by instructors and students working in engine run-up areas.  This would not occur if adequate ear protection were used.


b.
Nonauditory.



(1)
Psychological.  The work in this area has consisted primarily of developing criteria of annoyance based on variations of loudness, pitch, and modulation.  In general, increases in annoyance have been demonstrated under the following conditions:




(a) Loudness.




(b) High frequency pitch.




(c) Unnecessary or avoidable sounds.




(d) Tones consisting of brief pulses.




(e) Noises consisting of complex sound fields.




(f) Modulation of sound intensity or frequency.
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(g) Sound that repeatedly changes its localization.




(h) Sound that interferes with speech communication.



(2)
Physiological.  No evidence exists that noise below 120 db significantly affects the blood pressure, pulse rate, visual acuity, or an electrocardiograph.  However, intense sound above 140 db may produce an increase in blood pressure, temperature, sweating, heart rate, glandular changes, and sharp muscle contractions.



(3)
Performance and efficiency.  Most reliable studies in this area demonstrate little prolonged effect of noise.  The consensus of authorities is that noise below 120 db in intensity has no significant effect on performance in most situations.

6.
SPEECH COMMUNICATION INTERFERENCE 


a.
Vehicles and Working Areas.



(1)
Interference with speech communication is one of the most significant areas of concern in most multiplace vehicles.  The average speech-power energy emitted by a speaker at conversational level is approximately 10 to 20 microwatts, when the power is averaged over a longtime interval.  The average sound pressure level for a normal speaking voice is approximately 60 to 70 db.



(2)
In many working areas of Army aviation, effective performance of tasks often depends on the ability of people to converse directly with each other.  In these situations, noise conditions should be adjusted to make communication suitable to the particular listening tasks that must be performed.  The type of communication devised may be varied.




EXAMPLE: Hearing conversation in a normal voice at a distance of about 20 feet or being able to hear a danger signal at a distance of 6 feet.


b.
Aircraft.



(1)
In Army aviation, speech communication assumes a vital role; speech must communicate meaningful information that is understood accurately and immediately.  Many times faulty speech communication contributes to incorrect action that results in decisions or responses that prove fatal; for example, aviators flying modern aircraft must possess acute hearing ability, especially for speech signals.  Most of these speech signals are delivered through an electrical communication system.  Previously, aviators only had to hear speech signals that did not require a high degree of fidelity; today, however, the ever increasing refinement of the aircraft as a weapons system increases dependence on the sense of hearing.  Along with the primary signal, the aviator must also monitor several secondary auditory inputs.
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(2)
Many factors other than the noise level of the speech signal or the background masking level determine speech intelligibility.  One of the major determinants of the intelligibility of rather distorted speech signals is the familiarity of the listener with the vocabulary being used.  During normal flight operations, the experience of the aviator and other flight crew personnel has a direct bearing on the general intelligibility of oral communications.



(3)
Acceptable speech communication is relative to the degree of speech communication ability desired; for example, the degree and type voice communication required during maintenance run-up of a turbine engine is restricted.  In most instances, the only voice communication attempted is during low-power operation of the engine.  When working around these aircraft while the engines are operating, ground crew personnel have one crew member who is in voice communication with a crew member in the cockpit.  The ground crew member outside the aircraft is usually equipped with a helmet.  The muffs attenuate the masking noise that would otherwise interfere with auditory signals.



(4)
There are various types of noise that may mask speech communication.  The masking noise may have a continuous frequency spectrum continuous in time, periodic components of one or more frequencies, or irregular or impulsive characteristics.  To accurately relate the masking effectiveness of a given noise environment, the general characteristics of the types of noise that are masking speech should be known.



(5)
Airborne communication systems allow crew members to adjust the intensity of incoming signals to meet their requirements.  Few individuals experience severe abnormal auditory fatigue.  If ear protection is worn during intense continuous noise, hearing is better protected against the noise, and the individual’s ability to perceive meaningful communication signals is increased.  Wearing ear protectors decreases the masking effect of the noise, and the desired auditory signal is easier to hear.



(6)
Firing range supervisors commonly complain that personnel wearing ear protectors do not hear warning signals and commands.  If all personnel on the range, whether firing or not, wear ear protectors, they talk louder in order to be heard, and speech and warning signals can be understood.  Public address systems installed at firing range positions have proven very successful.



(7)
Some common factors that affect sound propagated in the open air are--




(a)
Altitude.  Generally, the magnitude of noise propagated at a given distance is progressively less with increasing altitude because the density of air decreases with altitude.  Due to decreased temperature, the velocity at which sound travels is less with increased altitude.




(b)
Temperature.  Temperature often has modifying factors, such as wind.  Considered by itself, high ground-level 
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temperatures can cause deflections that generally cause noise attenuation to increase with distance from the source.  This is the result of heat inversion.




(c)
Wind and humidity.  Generally, the magnitude of a given noise is more intense at downwind positions from the source.  Increased humidity increases molecular absorption and thus a greater attenuation of the noise exists.

7.
DAMAGE-RISK CRITERIA FOR HEARING 


a.
The acoustic energy associated with early power and propulsion systems was a byproduct that offered no apparent advantage.  The greater majority of noises associated with high energy power and propulsion systems could be ignored until they actually became painful.  Pain was thought to be an adequate criterion of whether or not a particular noise was harmful.  It soon became apparent that exposures to noises far below pain levels could create hearing losses, and unprotected exposure to some noises could and were producing undesirable psychological and physiological results.  Today, acceptance is given to the premise that noise exposures under certain conditions can create temporary and permanent threshold shifts of hearing.


b.
Four basic factors that are generally specified to estimate the significance of noise exposure are frequency spectrum of noise, type of noise, and intensity of noise, and total duration of exposure every eight hours.  The factors to consider when determining the estimated damage risk of a given noise are--



(1)
Frequency spectrum and type.  The narrow band of impact type noises is given in a 10-db greater weighing value than wide band type noises.  Noise levels recorded in the four frequency ranges from 300 through 4,800 CPS are recorded and then the total is averaged and noted.



(2)
Intensity and type.  The number, representing the average of levels recorded in (1) above, is then evaluated.  The starting point for intensity of exposure depends on the type of noise.  If the noise is the narrow band or impact type, the starting point for allowable exposure is 85 db, if wide band, the starting point is 95 db.



(3)
Duration.  One of the major consideration factors of the degree of damage risk is the total duration of exposure per day.


c.
Damage-risk criteria are based on statistical evaluations of a large population.  Because of the great number of individual differences in noise reactions and the emphasis placed on noise-induced hearing impairment, it is easy to understand why the majority of proposed damage-risk criteria are quite conservative.
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d.
The primary reason for the existence of a damage-risk criterion is to reduce, as great as possible, the occurrence of noise-induced hearing losses among persons exposed to potentially hazardous noises.

8.
PERSONAL EAR PROTECTIVE DEVICES 


a.
Types.



(1)
Helmets.  The protective SPH-4 helmet contains an electrical headset with foam rubber earphone cushions.  The amount of acoustic insulation is determined primarily by the type of ear cushion used.  The black foam rubber cushions provide very poor attenuation in the low frequencies and less attenuation than the V-51R earplugs in the high frequencies.



(2)
Ear muffs.  A major factor affecting the attenuation of an ear muff, particularly at low frequencies, is that the aviator can seal the muff to his head in the area surrounding the ear, thereby reducing the leakage of sound into the cup.  Leakage can be caused by the following factors:




(a) Due to the sling-type suspension, an aviator may reduce the ear muff’s effectiveness by pulling the cushions away from the ear.  This alteration prevents a good seal around the outer ear.




(b) When holes are punched in the cup to guide wires to an earphone or to provide a pressure release, cell holes in the muff must be provided with an airtight seal.  If not, the muff will not be an effective attenuator of sound.




(c) When eyeglasses are worn, the metal or hard plastic earpieces must pass underneath the seal.  A relatively large leak may be formed when this is done.



(3)
Earplugs.




(a) There is a variety of hearing protective devices designed to be used in different situations.  The two basic service-issued, reusable earplugs are the Army standard single flange (V-51R) and the triple flange.  The single flange is available in five sizes, the triple flange in three.  Both of these should be fitted under medical supervision.




(b) Presently, there are three types of disposable earplugs in the federal supply system.  One is a wax-impregnated cotton, the second is a polymeric foam (E-A-R plug), and the third is made of silicone rubber (Table 2).  They are useful for occasional short-term exposure, such as for aircraft passengers and troops or someone who forgot his plugs.  These should be discarded after the first or second use.  Of the three types, the polymeric foam has superior properties in terms of the amount of attenuation, comfort, or ease obtained or in maintaining a seal and immunity to extreme temperatures.  At present, the 
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two nonstandard earplugs available to Army personnel are the Surgical Mechanical Research (SMR) earplug and the Flents Anti-Noise Ear Stopple.  The SMR earplug provides basically the same attenuation as the V-51R.  Additional sound protection can be obtained if the plug is inserted deeply into the ear canal.  The acoustic seal creates a positive pressure in the captured air behind the plug, or the device approaches or seals in the bony meatus resulting in higher values of attenuation.


Table 2.
Sound attenuation characteristics of hearing protective devices.
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b.
Requirements for Use.  Four requirements must be met to ensure user acceptance and maximum use of earplugs.



(1)
The earplugs must fit.  They should be distributed only by persons who have been trained in the proper method of ear examination and plug fittings (preferably personnel assigned to the aviation dispensary).  Each ear must be fitted separately since the size of the external canal often differs within the same individual.  A plug which feels too large may frequently prove to be too small; it feels large because it extends into the tender portion of the canal.  Earplugs should be large enough to seal tightly but not so large as to cause true discomfort.  Placing external objects into the ear is not a natural phenomenon; therefore, a tightly fitting plug may feel uncomfortable until the individual has some feeling of what a good-fitting seal is like.



(2)
Each person must be taught how to insert and remove the earplugs.  Most people, especially those with large fingers and short nails, will require considerable practice before they can insert earplugs 
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quickly and easily.  Many do not get full benefit of the plugs or cannot use them at all through lack of such indoctrination.



(3)
Personnel must be informed that they can hear voice and other auditory signals more clearly by using earplugs under noise conditions.  This is true for direct voice and radio communication.



(4)
Each person must be cautioned that his own voice will appear relatively loud to him while wearing earplugs.  Therefore, the individual must raise his voice above the normal intensity so that it will be loud enough for others to understand.


c.
Comments.



(1)
The amount of protection afforded by the perfect sealing of the external canal approximates 35 db.  Wearing a good acoustic designed helmet can increase this protection only 8 db due to the reception of sound waves of the facial bones, rib cage, and sternum and their subsequent transmission to the ear.



(2)
Insert-type ear protectors are small enough to be carried easily and conveniently when not in use.  In this respect, they are superior to over-the-ear type protectors.  This is especially true for persons whose need for ear protection is intermittent, who are apt to be in areas distant from a supply of ear protectors, or both.



(3)
Many people cannot wear standard insert-type ear protectors because of infection in the external auditory canals, fungi in the external ear canal, unusual sizes and shapes of ear canals, and so on.  These individuals must rely on over-the-ear, noninsert ear protectors, and the helmet-type devices for sound protection.



(4)
Over-the-ear type protectors provide warmth for the ears in cold weather.  However, in warm and hot weather, the devices become uncomfortably warm and cause excessive perspiration about the ears and neck.  Over-the-ear type protectors are frequently incompatible with items of personal equipment such as eyeglasses, parkas, and hats.



(5)
The best ear protection presently available is provided by individual devices used in combination with one another.  For instance, the standard V-51R earplug and SPH-4 helmet can provide very good ear protection in an intense noise environment.  However, an earplug-ear muff combination is more complicated to wear and remove than either single device.  Care must be taken not to break the acoustic seal of the earplug when the muff or helmet is put on.  Adjusting the earplug is more difficult when it is worn under an ear muff or helmet.  Some adjustment will be necessary if momentary removal of the plug is desired or if the earplug becomes unseated during use, such as for pressure differential.



(6)
The actual amount of sound protection or attenuation provided for a specific individual is determined by the fit of the 
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device, its physical condition, and the willingness and ability of the individual to use it properly.


d.
Recommendations.



(1)
Mechanics, fuel truck drivers, and others whose hands come in contact with dirt, grease, fuel, or all three during their normal duties should not use the malleable wax or vaseline-impregnated cotton types of earplugs because these will introduce irritating agents into the ear canal.  When there is external otitis, only dry cotton can be used safely as an insert earplug.  Standard helmets or headsets can be used under all circumstances for additional protection.



(2)
Regular or wax-impregnated cotton ear defenders can and should be worn by many flight personnel.  Aviators should be cautioned that the barometric pressure in the space between the plug and the eardrum membrane does not always keep pace with the ambient pressure in rapid descents.



(3)
Individuals working on or near flight lines should wear ear protection at all times and be instructed that reciprocating and turbine engines, auxiliary power units, compressors, diesel powered vehicles, and such generate sufficient noise to affect auditory acuity.



(4)
Units involved in training personnel in aircraft maintenance or gunnery specialties should acquaint each student with the purpose and proper use of ear defenders.  The wise use of ear protection must be augmented by periodic clinical and audiometric reexamination and wise personnel placement.  Noise hazards should be considered when planning aircraft operations in order to minimize the frequency of acoustic trauma.

Section II.  VIBRATION

9.
GENERAL CHARACTERISTICS 


a.
Objects in vibration transmit energy to the medium with which they are in contact.  When a human body is in contact with a vibrating source, the energy is transmitted to the body.  These vibrations can produce injury or a decrease in performance.  Vibrations encountered in aviation are usually less than 70 CPS and are not audible.


b.
Vibrations may be sinusoidal (one frequency) or combinations of sinusoidal and random vibrations.  Most research has been done with sinusoidal vibrations; although free, forced, translational, or rotational vibration may be involved in the aviation environment.  These are essentially self-explanatory.  The main discussion here deals with translational vibration--a to-and-fro vibration along a straight line.
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c.
Vibration is measured by frequency and intensity, just as sound is measured.  Frequency is measured in CPS; however, the intensity of vibration can be measured by several methods to include the—



(1)
Displacement amplitude.  This is simply the displacement of the vibrating body from its static position measured in inches.



(2)
Maximum velocity.  This measures the peak velocity in inches per second of the vibrating body.



(3)
Maximum acceleration in inches or gravitational pull per second.



(4)
Measurement of maximum jerk amplitude or gravitational pull per second.



NOTE: Measurements of intensity most frequently used are displacement and maximum acceleration in gravitational pull.


d.
Physical objects have a resonant frequency, a function of their mass.  Resonance is a condition where a force vibration is applied to the object at such a frequency that the object is excited into vibration of greater amplitude than the vibrating body itself.


e.
The human body has a resonant frequency.  In fact, different parts of the body have their own resonant frequencies.  When various portions of the body vibrate in unison, they can produce tensions and deformities which can produce pain.  If the human body is in contact with a vibrating surface, variations in the vibration frequency of the whole body produce symptoms that vary with the frequency.  These symptoms can range from general discomfort through abdominal, chest, or testicular pain; symptoms referable to the eye and ear; or anxiety.  With extreme vibration, internal organs and their supporting structures can be damaged.


f.
In plotting gravitational pull of vibration intensity versus vibration frequency, the limits of tolerance to vibration show a dip at 4 to 8 CPS.  This decrease is demonstrable, regardless of the duration of exposure to the vibration.  The reason for this is that the principal resonant frequency of the whole human body is from 4 to 5 CPS.  The importance of the whole body’s resonant frequency is that certain types of performance may be affected at this frequency.  Those types of performance that are affected deteriorate at or near a gross resonant frequency for the human body.



EXAMPLE: Visual acuity is affected around 3.5 CPS with increased intensity of vibration accentuating the effect.


g.
At resonant frequency, vibration amplification may occur.  This amplification rarely exceeds three times the amplitude of the forcing vibration.  It can be modified for the human body by the body’s 
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position; the height, weight, and build of the body; and the type of seat in which the human body is seated.



EXAMPLE: A person who is standing can absorb vibration with his legs and dampen the tendency for amplification of a vibration.  Even in the seated position, the buttocks will attenuate this amplification effect but not as much.  Cushioning the seat will attenuate vibration.  Also, as the forcing vibration approaches whole body vibration, the amplification effect increases.

10.
VIBRATIONS ASSOCIATED WITH ARMY AIRCRAFT 


a.
During the past few years, considerable research has been conducted on the causes, effects, and control of vibration.  A major part of this research has been applied specifically to modes and phases of vibration expected, or presently existing, in aircraft.  The results indicate that an individual, machine, or both can be exposed to definite restricting modes of vibration energies before certain undesirable effects occur.


b.
Although the majority of research has been directed toward undesirable effects or influences, there may be certain factors and types of vibrational modes that are desirable.  For instance, studies on the influence of vibration on helicopter pilots show that they use the vibration that they perceive as a sensory evaluation tool.  Seemingly, the modes of vibrations perceived assisted the pilot in evaluating normal flight features during control of the helicopter.  They also assisted in the detection and diagnosis of possible system malfunctions.


c.
Vibrations of primary concern are related to mechanical, acoustical, or aeroelastic disturbances.  Some of the more significant operational areas or circumstances where undesirable vibrations may be present are as follows:



(1)
Maintenance test areas.  These include reciprocating engines; gas-turbine jet engines; and propeller, rotor, and engine run-ups to include reciprocating, turboshaft, and turboprop power plants.



(2)
Ground power equipment.  These include pneumatic handtools and large, diesel, engine-powered generators.



(3)
Aircraft during ground run-up operations.  These include reciprocating engines in aircraft, propellers and rotors, and acoustically induced vibration of jet exhaust in reaction-type engines during high-power operation.



(4)
Aircraft while airborne.  This includes vibrations that are--




(a) Structurally propagated due to excitations created by power plant disturbances, engine exhaust vibrations, and engine shaft feedback from propellers and rotors.
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(b) Acoustic and aeroelastic induced by engine exhaust of reciprocating or gas-turbine engines; pressure disturbances generated by rotor or propeller blades; structural responses due to increased airspeed and dynamic loadings; and other responses, such as vibrations induced due to aerodynamically stimulated wing and surface flutter (related to high speed).


d.
Various methods are available to help reduce undesirable vibrations.  One of the most common avenues of propagation is by structural vibration.  The power plant may produce considerable vibration.  The degree to which these energies are transmitted through the aircraft depend on the type and condition of devices used to control the vibrations.  Methods of vibration reduction are given in detail below.



(1)
Vibration isolation and the antivibration system.  Power plant mountings are usually designed to minimize the transmission of vibrations into the structure of the aircraft and prevent resonant vibrations of the aircraft structure by vibratory forcing functions generated by the operation of the power plant.



(2)
Power plant-propeller system vibrations.  Vibrations generated by power plant and propellers, when propagated directly through the structure of the vehicle, may produce excessively high levels of vibration.  These vibrations, if present, result from inherently imbalanced forces and couples of the engine, unavoidable imbalances in the propeller, and occurrences of small errors in blade pitch and the rotational profile of the propeller.  These undesirable forces are usually controlled by the use of isolation mounting systems.  These systems are essentially flexible supports that allow vibrating forces acting on the power plant to be neutralized by small, nonresonant oscillations of the power plant mass itself.  This prevents the vibratory disturbances from directly entering the aircraft.  This type of engine-to-frame mounting is used primarily when the Vibrations generated by the engine, components, propellers, or all three are within a frequency range that approximates resonant frequencies of the structures and aircraft components to which they are mated.



(3)
Absorption mounting systems.  These systems absorb the energy of power plant vibrations and dissipate it as heat within the absorbing material of the mounting.  They are commonly used on aircraft whose power plant components are attached to the aircraft structure and generate vibrations at frequencies much higher than the natural modes of vibration of the aircraft structure.  Absorption mounting systems reduce the transmission of vibration to the aircraft structure on vehicles containing turbojet and turbofan engines that depend on exhaust thrust for propulsion of the aircraft, independently mounted auxiliary stage superchargers, independently mounted gear-reduction units not driving propellers, and/or ramjet and rocket power plants.



(4)
Isolation mounting system.  These systems are usually provided when using reciprocating engine and propeller combinations, including radial and in-line engines; a reciprocating engine in a 
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submerged installation which drives propellers through an extension propeller shaft.  They are also provided when using independently mounted propeller assemblies and gearbox-propeller combinations, aeropulse or intermittent type jet engines, and turboprop engines.


e.
Discomfort of aircrew personnel from excessive vibration may interfere with the successful accomplishment of an assigned mission.  Flutter and other aeroelastic disturbances associated with more sophisticated Army aircraft may generate disturbances great enough to cause failure of the structure affected.  Free and forced vibrations may cause excessive structural stresses within the aircraft that lead to fatigue failures.  Excessive vibrations of installed components may result in malfunctions or failure of such components.  Vibration energies of these magnitudes, then, usually produce physiological and psychological disturbances.  Aviation medical research has demonstrated that the human system cannot tolerate a high level of vibration as permitted by the allowable stresses in the aircraft structure.


f.
It is obvious that certain vibration limitations must be emphasized, especially where human beings are concerned.  Emphasis is being placed on eliminating excessive, or undesirable, vibration associated with aircraft operations.  Inherent within this program is the reduction of human physical fatigue and discomfort, hearing disturbances among aircrew, personnel, undesirable effects of vibration or equipment and aircraft structures, and poor audible communications.  If these factors are considered during the early phases of aircraft design and development, the undesirable aspects of vibration on future Army aircraft can be minimized.
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REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
What is the threshold of noise pain, in decibels, for most individuals? 


A.  80 


B.  100 


C.  120 


D.  140 

2.
Ringing in the ears is a sign of ear damage known as 


A.  fatigue.


B.  tinnitus.


C.  nerve damage.


D.  ruptured eardrum.

3.
Which noise level will usually cause more impairment? 


A.  low frequency 


B.  medium frequency 


C.  low-pitched tones 


D.  high-pitched tones 

4.
What is the average speech-power energy, in microwatts, emitted by a speaker at a conversational level? 


A.  10 to 20 


B.  25 to 35 


C.  30 to 40 


D.  120 to 140 

5.
What happens to sound with an increase in altitude? 


A.  frequency decreases 


B.  frequency increases 


C.  magnitude decreases 


D.  magnitude increases 

6.
Sound is a physical phenomenon consisting of a wave of pressure variations in various media transmitted in all directions from a source.


A.  true 


B.  false
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7.
The ear possesses amazing capabilities as a selective analyzer by being able to detect varying sounds in a background of other sounds.


A.  true 


B.  false 

8.
Intense noise at 120 db or below may produce an increase in blood pressure and heart rate.


A.  true 


B.  false 

9.
Most reliable studies demonstrate little prolonged effect of noise.  The consensus of authorities is that noise above 120 db has no significant effect on performance in most situations.


A.  true 


B.  false 

10.
Vibrations transmit energy to the medium with which they are in contact.  A human body in contact with a vibrating source can produce injury or a decrease in performance.


A.  true 


B.  false
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REVIEW EXERCISE SOLUTIONS

1.
C.
(paragraph 3a) 

2.
B.
(paragraph 5a) 

3.
D.
(paragraph 3b) 

4.
A.
(paragraph 6a(1)) 

5.
C.
(paragraph 6b(7)) 

6.
A.
(paragraph 2) 

7.
A.
(paragraph 2b(2)) 

8.
B.
(paragraph 5b(2)) 

9.
B.
(paragraph 5b(3)) 

10.
A.
(paragraph 9a)
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LESSON 6.  TEMPERATURE STRESS

TASK:
Apply knowledge of physiological effects of temperature to improve aircraft accident prevention.

OBJECTIVES:
You will be able to respond to the following aspects of temperature stress:



a.
Temperature problems in aviation.



b.
Effects of heat to include physiological responses, heat injury, evaluating the environment, preventive measures, and acclimatization.



c.
Effects of cold to include cold injury, protective clothing, preventive measures, and treatment.

CONDITION:
You may refer to the lesson text and references to complete the review exercise.

STANDARD: 
You must correctly answer 8 of 10 review exercise questions.

REFERENCES: 
TB MED 81 (Sep 76), TB MED 507 (Jul 80), and ST 1-105-8 (Aug 76).

LESSON TEXT

1.
INTRODUCTION 


a.
Generally, temperature problems associated with aviation are due to climate, changes in atmospheric temperature with altitude, and friction of supersonic flight.  Temperature extremes due to altitude are not as important in Army aviation as climatic temperature extremes in producing uncomfortable cockpit environments nor does the heat produced by supersonic flight present a problem in aviation medicine.  However, cockpit temperatures can become unbearable due to climatic conditions alone.  In some Army aircraft, temperatures can become extremely high and uncomfortable.


b.
The effect of temperature extremes on physical and mental efficiency adds to stresses already present.



EXAMPLE: Heat can lower tolerance to hypoxia, and motion sickness is probably greater in an overheated cabin.  Variations in thermal environment must be extreme or sustained, however, to produce a significant decrease in performance.
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c.
Solar radiant heat is a phenomenon of importance in Army aviation.  Parked aircraft have a temperature 10° to 15°C higher in their cockpits due to radiation of solar heat through plexiglass.  This radiation heats interior objects of the cockpit.  They then reradiate the waves at frequencies that are unable to penetrate the Plexiglass outward.  As a result, heat accumulation within the cockpit becomes a significant factor at altitudes below 10,000 feet.


d.
Comfortable limits in the cockpit are 68° to 72°F and 25 to 50 percent relative humidity.  To maintain this temperature and humidity, extra heating and cooling equipment would be needed; however, this is expensive in terms of performance and cost.

2.
EFFECTS OF HEAT 


a.
Exposure.



(1)
Exposure to high environmental temperature produces stress on the body.  To compensate for this stress results in strains which, by themselves or more commonly in combination with strains associated with work, dehydration, and/or fatigue, may lead to clinical manifestations and disability.



(2)
Environmental conditions that influence the heat equilibrium of the body and its physiologic adjustments are the temperature of the air and surrounding objects, vapor pressure of water in the air (humidity), air movement, and the type and amount of clothing worn.  The body loses heat by conduction and convection, radiation, and evaporation.


b.
Physiologic Responses.



(1)
The first physiologic response to heat stress is vasodilatation in the skin with an increased heart rate.  This can result from heat loss by conduction and radiation from the skin.  This process places a strain on the cardiovascular system.  Sweating occurs when conduction and radiation from the skin cannot dissipate heat.  Relative humidity of the environmental air influences the ability to sweat.  Sweating results in salt and water loss, and the loss of water places an additional load on the already burdened cardiovascular system.



(2)
As a result of an exaggeration of these processes, strokes, heat cramps, and exhaustion can occur.  Other factors that influence an individual’s physiologic response to heat stress are the amount of work which is being performed and the physical condition.  Old age, lack of sleep, obesity, previous heatstroke, failure to acclimatize, or excess alcohol ingestion can diminish tolerance to heat stress.  Although a previous episode of heatstroke can predispose an individual to a repeated episode, it does not necessarily make one more susceptible to heat exhaustion or cramps.
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(3)
The body at rest eliminates about 25 percent of its heat production through water evaporation from the lungs and through the skin.  When the body cannot lose sufficient heat by conduction, convection, and radiation and the skin temperature rises to a critical level (93° to 95°F), activity of the sweat glands increases.  Heat loss by sweat evaporation then becomes the most important and sometimes the only means of maintaining normal body temperature.  However, as the vapor pressure (humidity) of the air increases, the air’s capacity to evaporate the sweat produced by the body decreases.  This reduces cooling because it is sweat evaporation that produces cooling (0.58 calories of heat removed per gram of sweat evaporated).  Inadequate cooling increases sweating, and excessive sweating may lead to a marked loss of water and salt from the body.  The water is almost entirely lost, at least initially, from the circulating blood volume.  If the water is not replaced, dehydration occurs.  This adds to the strain on the circulatory system and is usually an important factor in the cause of heat exhaustion.  Hyperventilation (panting) while perhaps increasing the heat loss via the lungs, can result in a lowered carbon dioxide (CO2) level in the blood.  This respiratory alkalosis may also contribute to the heat exhaustion syndrome and occasionally may be severe enough in a resting individual to produce tingling, numbness, fainting, and tetany (mineral imbalance with tonic muscle spasms).



(4)
Air motion is a significant factor only when it replaces the layer of air next to the skin with cooler, drier air.  This facilitates heat loss due to conduction and accelerates sweat evaporation.  The influence of air motion, consequently, becomes progressively less as the humidity and temperature of the air increases.



(5)
Other major factors influencing physiologic responses incident to high temperature exposures relate to the physical work performed prior to and during the exposure and the physical condition of the individual.  The body is constantly producing heat; but during physical work, the production of heat is increased in proportion to the type, intensity, and duration of the work; for example, an increased heat production during marching results from an increase in the load carried, the rate of marching, or the grade or difficulty of the terrain being traversed.  Thus, physical work accentuates the effects of high temperature.  Lack of acclimatization, obesity (which increases the load carried and decreases heat transfer from deep body sites to skin), dehydration, excessive consumption of alcohol, lack of sleep, old age, poor health, cumulative fatigue, and accumulated body heat storage (due to lack of adequate recovery periods) are examples of conditions that decrease a person’s ability to withstand high temperatures.


c.
Heat Injury.



(1)
Heat cramps.  The mildest form of heat injury is heat cramps.  Painful cramps of the voluntary muscles, usually of the extremities and abdomen, are symptoms of this condition and are due to excessive loss of salt.  The body temperature is normal.
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(2)
Heat exhaustion.  A more severe form of heat injury is heat exhaustion.  This is caused by water and salt loss.  Symptoms of this condition are headache, vertigo, confusion, incoordination, anorexia, nausea, vomiting, and occasionally heat cramps.  Oral temperature is variable, but rectal temperature will show a slight elevation of 99° to 101°F.  The skin is cool with profuse perspiration; blood pressure is low; and pulse is rapid.  Heat exhaustion is easily treated by the same measures used for heat cramps (replacing the lost water and salt), and mortality is very low.



(3)
Heatstroke.  The most severe heat injury is heatstroke; it has an extremely high mortality rate.  This condition occurs, particularly in unacclimatized individuals, when the heat regulating mechanism breaks down.  While the physiologic basis for heatstroke is not fully understood, it is associated with high internal body temperatures (usually internal temperatures greater than 106°F).  Inability to eliminate sufficient heat as a result of either high ambient vapor pressure or insufficient sweat production produces high internal body temperatures.  These high temperatures are believed to damage central nervous system centers concerned with vasomotor and/or sweating control.  Central nervous system damage is frequently irreversible, and temperatures are markedly elevated for sufficient lengths of time.  Heatstroke is thus a true medical emergency.


d.
Evaluating the Environment.



(1)
To determine the degree of heat stress, environmental air temperature, relative humidity, air movement, and heat radiation must be considered.  All these factors can be combined to give a single reading of the wet bulb globe temperature (WBGT).  The WBGT indicates the degree of environmental heat stress.




(a) To determine the WBGT index, use wet bulb and globe thermometers exposed to the sun and wind to measure the approximate effect of relative humidity and air movement.  To measure air temperature, use a globe thermometer exposed to solar radiation and a dry bulb thermometer in the shade.  These thermometers are located near the working areas of soldiers.




(b) To calculate the WBGT, add 7/10 of the wet bulb thermometer’s reading, plus 2/10 of the globe’s reading, to 1/10 of the dry bulb thermometer’s reading.  Use the reading obtained to make decisions on exposing soldiers to the environment.



(2)
If, from the above procedure, the WBGT index is greater than 80°F, the commander should use discretion when exposing inexperienced soldiers to the environment.  If the reading is over 85°F, strenuous activity for inexperienced personnel should be suspended and training should be reduced by eliminating outdoor classes in the sun.  If the WBGT index is greater than 88°F, physical training for all personnel should be suspended even though experienced personnel may be able to actively perform duties at 88° to 90°F for less than six-hour periods.
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e.
Preventive Measures.  Successful prevention of adverse effects of heat depends largely on the education of personnel exposed to heat and those charged with the supervision of such personnel.  Specifically, heat injury prevention involves developing procedures that will alert individuals to the existence of dangerous heat stress levels.  Personnel should also be alerted to the application of any practicable measures to reduce the severity and duration of the exposure and should adopt techniques to increase the resistance of exposed persons.  The severity of the effects of a given environmental heat are decreased by reducing the workload, increasing the frequency and/or duration of rest or relief periods, and introducing any measure that will protect an individual from the hot environment.  Resistance is increased by replenishing water and salt losses from the body as they occur, gradually acclimatizing individuals to hot environments, maintaining the optimum physical condition of personnel, and gradually introducing the required work level in a hot environment.



(1)
Water.




(a) The human body highly depends on water to cool itself in a hot environment.  An individual subjected to high heat stress conditions may, by sweating, lose water in excess of 1 quart per hour.  These losses must be replaced, or rapid rise in body temperature and heart rate, decrease in the ability and motivation to work, and deterioration in morale will occur.  Exhaustion eventually follows.  Water loss must be replaced, preferably by periodically taking in small amounts of water throughout the work period.  During a moderate activity period, with moderate environmental conditions prevailing, water requirements for each individual will be 1 pint or more per hour during 20-to 30-minute intervals.  As activities or conditions become more severe, the intake should be increased accordingly.  Thirst is not an adequate stimulus for water intake.  Individuals with ample water supplies will frequently dehydrate by 1 or 2 liters unless drinking is encouraged or is required by command control.  The optimum drinking water temperature is 60°F, ±10°F.




(b) The myth that individuals can be taught to adjust to decreased water intake has been disproven many times.  When water is in short supply, significant water economy can be achieved only by limiting physical activity to the early morning, evening, and night hours when exposure to heat is less and sweating is reduced.  Any attempt at water economy by restricting water intake must be paid for in reduced work capability, reduced efficiency, and increased risk of heat injury.



(2)
Acclimatization.




(a) Training programs should be limited in intensity and time for personnel who are climatically and/or physically unseasoned to hiat.  A period of approximately two weeks should be allowed for acclimatization with progressive degrees of heat exposure and physical exertion.  If individuals are required to perform heavy physical work before being properly acclimatized, their work is poorly performed, development of the capacity to work effectively is retarded, and the risk of heat injury and disability is high.  A period of acclimatization is
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necessary regardless of the individual’s physical condition; although, the better the physical condition, the quicker acclimatization can be completed.




(b) Acclimatization to heat begins with the first exposure and is usually fairly well developed by the end of the first week.  Individuals who are unusually susceptible to heat will require additional time for acclimatization.  Full acclimatization (the ability to perform a maximum amount of strenuous work in the heat) is attained most quickly by progressively increasing the amount of work performed in the heat.  Full heat acclimatization can be achieved by as little as two 50-minute periods of work in the heat each day.  The work task should require cardiovascular work, such as running in place, rather than muscular work, such as pushups.  Resting for three or four days in the heat, with activity limited to that required for existence, results in definite but only partial acclimatization.  Physical work must be accomplished but should be limited to brief periods.  A day or two of intervening cool weather will not interfere significantly with acclimatization.




(c) If circumstances necessitate that work be accomplished during the acclimatization period, advantage should be taken of the cooler hours for accomplishing it.  A schedule should be established which provides for increasingly longer work periods alternated with rest periods.  When necessary for the accomplishment of a given task, two details can be arranged to work in sequence.  Lighter work may be carried out for longer periods of time and heavier work for shorter periods of time.  During the midday period, personnel should rest and keep in the shade as much as possible.  Local and regional variations may warrant modifications of the work schedule.  Acclimatization schedules for unseasoned individuals, including recruits, should be scaled down to their tolerance.




(d) Once acclimatized, an individual will retain his adaption for about two weeks after leaving the hot environment.  If not exposed to high temperatures, the acclimatization will then decrease at a variable rate with the major portion usually lost within one month.




(e) Acclimatization to a hot, dry (desert) environment increases markedly the ability of personnel to work in hot, moist (jungle) environments.  However, for proper acclimatization to the latter, residence with regulated physical activity is required.  While carefully and fully developed acclimatization increases resistance, it does not confer complete protection against ill effects of heat.




(f) Adequate water must be provided during the acclimatization period as well as at other times.  Under conditions of heat stress, meals should be cool rather than hot.  The heaviest meal should be served in the evening rather than at noon.  An hour of rest following the noon meal is beneficial.
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(3)
Physical condition.




(a) The individual’s general physical condition has a significant bearing on his reaction to heat stress.  Individual susceptibility to heat may be enhanced by a large number and variety of conditions.  Some of these conditions include fatigue; lack of sleep; obesity; dehydration; use of alcohol; febrile conditions; vascular diseases; conditions affecting sweat secretion; skin trauma, such as heat rash or acute sunburn; previous occurrence of heatstroke; and acute and chronic infections including the convalescent state.




(b) The risk of heat injury is much higher for overweight persons than for those of normal weight.  Special care should be exercised when such persons are exposed to high temperatures.  One attack of either heatstroke or severe heat exhaustion may predispose a person to a second attack.  An individual once affected, therefore, should be exposed subsequently to heat stress with caution.  Predisposition is not developed in the case of heat cramps.



(4) Work schedules.  Work schedules must be tailored to fit the climate, physical condition of personnel, and military situation.  Close supervision by medical officers, responsible commanders, and experienced paramedical personnel is essential in achieving maximum work output with minimum hazard.  The following general principles must be considered:




(a) The amount of heat produced by the body increases directly with the amount of work performed.  Therefore, reducing the workload markedly decreases the total heat stress.




(b) Workloads, durations of physical exertion, or both should be less during the first days of exposure to heat.  They should then be gradually increased to allow acclimatization.  While decisions to modify work schedules must be governed by the particular local situation, heavy work should be scheduled for the cooler hours of the day, such as early morning or late evening.




(c) Alternate work and rest periods may prove desirable.  Under moderately hot conditions, 5-minute rest periods in the shade alternated with 25 minutes of work in the sun may be desirable.  Under severe conditions, the duration of rest periods should be increased.




(d) Exposure to high temperatures at night as well as in the daytime will decrease the amount of work personnel can effectively perform.  Workloads must be reduced at high temperatures-when dehydration resulting from excessive sweating and lack of water replacement occurs.  When water is in short supply, working in the early mornings and evenings, rather than during the hottest hours of the day, will allow much more work to be accomplished for the expenditure of a given amount of water.




(e) Work in the direct sun should be avoided as much as possible on hot days.  Unnecessary standing at attention in the heat
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should be avoided because continued standing places an added burden on the circulation.




(f) When the temperature is excessively high, physical work should be curtailed or, under extremely severe conditions, even suspended.  The temperature at which work should be curtailed or suspended depends on the humidity, radiant heat, air movement, character of the work, degree of acclimatization of personnel, and other factors.  Heat casualties may be expected at wet bulb temperatures of 75°F and above unless preventive measures are instituted.  Overexertion can cause heat injury at even lower temperatures.



(5)
Clothing.  Except when exposed to the sun’s rays, an individual in a hot environment is better off wearing the least allowable clothing.  Clothing reduces the exposure of the body’s surface to solar radiation but, at the same time, decreases the movement of air over the skin.  To take full advantage of its benefits and minimize its disadvantages, clothing should be loose fitting especially at the neck, wrists, and lower legs to allow air circulation.  While military appearance may suffer, shirts should not be starched after washing.

3.
EFFECTS OF COLD 


Cold injury sporadically occurs among the civilian population but is of primary concern to military forces.  Cold injury has been recorded as a problem of military importance since the days of Zenophon and Alexander of Macedonia.  Larrey classically described the role that cold injury played in the defeat of Napoleon’s army in Poland during 1812.  During World War II, the US Army experienced 90,535 cases of cold injury that included several thousand cases of high altitude frostbite occurring in aircrew personnel.  In Korea, 9,000 frostbite cases occurred in the first winter (1951-52) of our involvement there.  Weather and type of combat action influence the incidence of cold injury.


a.
Cold Injury.  Cold injury is defined as tissue trauma produced by exposure to cold.  The type of injury produced depends on the degree of cold to which the body (or its parts) is exposed, the duration of exposure, and certain concurrent environmental factors.



(1)
Types.  For practical purposes, cold injuries may be divided into the following types:




(a) Freezing cold injury.  Frostbite (superficial or deep) is classified as a freezing cold injury.  It results from crystallization of tissue water in the skin and adjacent tissues.  It is produced by exposure to temperatures below the freezing point.  Depth and severity of the injury is a function of the temperature and duration of exposure--the lower the temperature, the shorter the time required to produce injury.  At low temperatures, in the presence of wind, freezing of exposed skin can occur within a few seconds.

84




(b) Nonfreezing cold injury.  Chilblains, trenchfoot, and immersion foot are nonfreezing types of cold injury.  They are classified with respect to pathology, management, or even to the environmental conditions that are causative.  For present purposes, the term trenchfoot covers immersion foot and the more cumbersome nonfreezing cold injury.  Trenchfoot (and immersion foot) results from prolonged exposure to wet cold footgear or outright immersion of the feet at temperatures usually below 50°F.  At the upper range of temperatures, exposure of 12 hours or more will cause injury.  Shorter durations at or near 32°F will also cause injury.  Trenchfoot is usually associated with immobilization and dependency of the feet.  Chilblains result from intermittent exposure to temperatures above freezing accompanied by high humidity.  This is the only injury that is not of significant military importance.



(2) Factors.




(a) Agent.  Cold is the specific agent in cold injury and the immediate cause of tissue damage without respect to modifying factors.  If, however, the effect of cold is considered to be loss of body heat, an agent relationship with modes of heat conduction and production is apparent, and the ways in which various host and environmental factors modify cold injury become clear.  The effect of cold cannot be evaluated by ambient temperature alone.




(b) Environmental.  Weather is a predominant influence in causing cold injury.  Temperature, humidity, precipitation, and wind modify the rate of body heat loss.  Low temperatures and relative humidity favor frostbite; whereas, higher temperatures together with moisture are usually associated with trenchfoot.  Wind velocity accelerates body heat loss under wet and cold conditions.  The windchill effect must be thoroughly understood by all personnel in areas where cold injury is possible.  The equivalent temperature depicted on the windchill chart (Table 3) relates to the cooling effect on exposed skin.  Specific implications of the windchill phenomenon, then, relate to a freezing hazard of unprotected body surfaces, such as face or ears.  It is also important to know, when considering host factors in general, that increasing wind is recognized as a significant factor in total body heat loss.




(c) Combat action.  The incidence of cold injury varies greatly according to the type of combat action.  Units in reserve or in rest areas have few cases of cold injury.  For units engaged in holding missions or static defense, exposure is greater and a moderate increase in incidence is expected.  Units engaged in active defensive or offensive activities have marked increases occurring.  Immobility under fire; prolonged exposure; lack of opportunity to rewarm, change clothing, or carry out personal hygienic measures; fatigue; and state of nutrition may all be involved.
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Table 3.
Equivalent chill temperature (°F) as a function of actual 



temperature and wind speed.
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b.
Clothing and Footgear.



(1)
Clothing.




(a) In warfare, where exposure to cold may be prolonged, adequate clothing properly worn is essential to welfare and survival.  Clothing for cold weather combat has been designed to be worn as an assembly for protection of the head, torso, and extremities.  Failure to wear the total assembly and inadequate supplies of proper sizes of clothing are important factors in cold injury.  A proper clothing assembly depends on the layering principle to conserve body heat.  Loose layers of clothing with airspace between them and water-resistant garments provide maximum protection.  Inner layers may be removed for comfort and efficiency to permit the escape of perspiration in higher ambient temperatures or during strenuous physical exertion.  Clothing wet by perspiration loses much of its insulating value.  Care must be taken to prevent perspiration from accumulating in clothing.  In all forms of 

86

cold injury, preventing body heat loss is important.  All clothing articles must be loose to avoid constriction and tightness and be kept free of grease and dirt.




(b) A standard number of clothing layers cannot be prescribed for universal wear throughout winter months.  Flexibility must be provided for local conditions.  Certain basic principles are important to include ventilating the body during physical activity, cleaning and repairing clothing to prevent insulation loss, and avoiding constriction produced by snug fitting socks, boots, underwear, sweaters, jackets, and trousers.



(2)
Footgear.




(a) Ground force personnel in cold areas must be equipped with the insulated rubber combat boot.  Changing socks frequently is important with this boot because of increased sweating, sweat retention, and lowered resistance to epidermophytosis.  Although sweating in this boot does not contribute to the insulation loss, it nevertheless leads to softening of the soles by retaining sweat.  Trauma to macerated tissues, produced by walking, results in a denudation or loss of skin from the soles of the feet.  This may necessitate hospitalization.  Cold injuries to the foot have been reported when wearing this insulated boot.  Injuries usually result from inactivity and feet dependency, as occurs with prolonged sitting or standing without frequent foot or leg movement.  For sedentary individuals, skin cooling rates in feet protected by the insulated boot are predicted within a reasonable range of variations; for example, in temperatures of 0.3° to -0.5°F, skin cooling rates drop per minute at -25°F.  If attempts at warming with increased physical activity are not begun until the sensation of cold has been stimulated (skin temperature 50° and 55°F), only vigorous large muscle activity for a protracted period will create sufficient heat to change the foot temperature.  Even more important is the fact that in some individuals, skin temperatures, once cold, do not rise with exercise carried to limits of reasonable endurance.  Therefore, when the tactical situation permits, it is important for unit commanders to protect against this irretrievable situation by instituting periodic vigorous activity when temperatures reach 20°F or below.  Sedentary soldiers should exercise vigorously at hourly intervals; however, this type of prophylaxis should not be carried to the point of perspiration.




(b) In all types of footgear, feet perspire more and are generally less well ventilated than other parts of the body.  As a result, moisture accumulates in socks decreasing their insulating quality.  Because of this and the fact that feet are susceptible to cold injury and are less frequently observed than the remainder of the body, special foot and sock care is essential.  Extra socks should be carried by all ground force personnel.  Socks and other clothing soiled with dirt, grease, or mineral salts from perspiration will conduct heat more rapidly, thus affording less protection against the cold.
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c.
Preventive Measures.



(1)
Directives in clothing and footgear use.




(a) When working, remove excess layers of clothing before perspiration starts so that clothing does not become wet.  Avoid wetting clothing or footgear because moisture causes loss of insulating quality.




(b) Wear clothing and footgear loose enough to permit layers of air to provide good insulation and permit good blood circulation to all parts of the body.  Avoid tight fitting uniforms that are dangerous in cold climates.




(c) Keep hands well protected; mittens are more protective than gloves.  Because it takes longer to recondition hands to normal use, avoid lengthy exposure of bare hands and wrists to cold conditions.  Exposure will cause stiffening and reduce circulation.





CAUTION: Do not touch metal, snow, other cold objects with bare hands and refrain from spilling gasoline on skin or clothing.




(d) Remove excess clothing when in a warm enclosure or in front of a fire.  This is done to avoid sweating and undue dilation of skin blood vessels.



(2)
Exercise.  Activity of large muscle groups of the shoulders, trunk, and legs are required in order to generate and maintain body heat.  When the situation prohibits such activities, frequently changing the body’s position; moving toes, feet, legs, fingers, arms, and hands; and, to a lesser extent, isometrically exercising are less satisfactory alternatives.  In such situations, some delay in heat loss can be accomplished by sitting or standing on insulating material such as wood, cardboard, or other poor conductors rather than on cold or wet ground or snow.



(3)
Unusually susceptible groups.  Certain groups of individuals (fatigue, racial, geographic, origin, previously cold injured, negativistic) require greater protection and supervision of preventive measures in order to prevent cold injury.


d.
Treatment.  Treatment bf cold injury depends on the time elapsed after the injury, severity of the injury, presence of complications, and area affected.  In military operations, treatment will be influenced by the tactical situation as well as the facilities available for casualty evacuation.  Most cold injuries appear en masse, during periods of intense combat, and at the time that large numbers of casualties occur.  Examination and treatment of life-endangering wounds must take precedence over cold injuries.  Higher individualized treatment is difficult during military operations because of the large number of patients who require treatment almost simultaneously.  The treatment of 
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cold injury is divided into buddy system or first aid, initial or emergency medical treatment in forward areas, and definitive treatment after the patient has reached a hospital.



(1)
First aid.




(a) If cold injury occurs, the patient should be restricted from usual duties or activities until the severity of the injury can be evaluated.  A doctor should see the injury as soon as possible.




(b) All constricting items of clothing, such as boots, socks, or gloves, should be removed from the site of the injury.  The injured area must then be protected from further cold injury with blankets or any available clothing that is not constricting.




(c) Smoking; drinking alcohol; and applying medications, salves, or ointments are prohibited.  Blisters must not be opened.  Drinking hot liquids, if available, is encouraged.




(d) If the lower extremity is involved, treat as a litter patient with the injured part level or slightly elevated.  Extreme care must be taken to prevent further trauma and infection.  For frostbite cases in unusual circumstances where travel on foot is the only means of evacuation, thawing the injured area is not indicated until the patient reaches an aid station and medical help.



(2)
Initial or emergency treatment.




(a) In many ways, cold injury is not unlike a burn.  It should never be treated lightly, because tissue loss and nerve damage associated with cold injury frequently results in permanent disability.  The two most important tenets in the treatment of cold injuries are conservative surgical management and infection prevention.




(b) If freezing has occurred and the affected tissue is still frozen, it should be rapidly thawed in a water bath carefully controlled at a temperature of 40°C (104°F) but not exceeding 42°C (109°F).  Thawing is determined by return of sensation (usually pain), return of color (frequently deep red or even purple), and the observation that the tissue is soft and no longer brittle or hard.  The only safe and effective method is the use of a water bath with thermometer control.  If warm water and a thermometer are not available, the injured part may be rewarmed with body heat from another portion of the body (axilla) or another person.  Under no circumstances should snow, ice water, grease, massage, walking, or dry heat be used.  Further injury may occur from overzealously applying heat.  Rapid warming should not be continued beyond the time when thawing is complete or instituted if thawing has already occurred.  Warming above 37°C (98°F) is not recommended for nonfreezing cold injuries.  Intense pain may ensue from rapid thawing, and pain medication such as morphine may be necessary.  Cold injury is no
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contraindiction for narcotics or other pain medications, but accompanying injuries may govern the choice of medication.




(c) Smoking is prohibited in all types of cold injury.  Nicotine causes vasoconstriction and may further decrease the blood supply to the injured tissue.  Generally, mild stimulants, such as tea or coffee, are useful, especially if the patient is cold.  Alcohol is not recommended because of its variable effect on peripheral blood flow.




(d) Blisters and blebs should not be ruptured.  Salves, ointments, and greases are contraindicated.  If patient transport is necessary, the affected part should be loosely wrapped with fluff bandages of sterile gauze.  Care should be taken to prevent chafing blebs.



(3)
Evacuation.  All victims of cold injuries should be evacuated to an aid station at the earliest possible time.  There they can be evaluated by a medical officer.



(4)
Very mild cold injuries.  Injuries such as chilblains require little specific treatment.  However, because the manifestations of tissue damage are slow to appear, care must be taken not to underestimate any cold injury, and the patient should be seen by the medical officer.  If hives (urticaria) are a prominent feature, antihistamines such as diphenhydramine hydrochloride (50 milligrams orally three times a day) may give relief.

REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
What is the threshold of noise pain, in decibels, for most individuals? 


A.  80 


B.  100 


C.  120 


D.  140 

2.
Ringing in the ears is a sign of ear damage known as 


A.  fatigue.


B.  tinnitus.


C.  nerve damage.


D.  ruptured eardrum.

3.
Which noise level will usually cause more impairment? 


A.  low frequency 


B.  medium frequency 


C.  low-pitched tones 


D.  high-pitched tones 

4.
What is the average speech-power energy, in microwatts, emitted by a speaker at a conversational level? 


A.  10 to 20 


B.  25 to 35 


C.  30 to 40 


D.  120 to 140 

5.
What happens to sound with an increase in altitude? 


A.  frequency decreases 


B.  frequency increases 


C.  magnitude decreases 


D.  magnitude increases 

6.
Sound is a physical phenomenon consisting of a wave of pressure variations in various media transmitted in all directions from a source.


A.  true 


B.  false
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7.
The ear possesses amazing capabilities as a selective analyzer by being able to detect varying sounds in a background of other sounds.


A.  true 


B.  false 

8.
Intense noise at 120 db or below may produce an increase in blood pressure and heart rate.


A.  true 


B.  false 

9.
Most reliable studies demonstrate little prolonged effect of noise.  The consensus of authorities is that noise above 120 db has no significant effect on performance in most situations.


A.  true 


B.  false 

10.
Vibrations transmit energy to the medium with which they are in contact.  A human body in contact with a vibrating source can produce injury or a decrease in performance.


A.  true 


B.  false

90 REVIEW EXERCISE SOLUTIONS

1.
C.
(paragraph 3a) 

2.
B.
(paragraph 5a) 

3.
D.
(paragraph 3b) 

4.
A.
(paragraph 6a(1)) 

5.
C.
(paragraph 6b(7)) 

6.
A.
(paragraph 2) 

7.
A.
(paragraph 2b(2)) 

8.
B.
(paragraph 5b(2)) 

9.
B.
(paragraph 5b(3)) 

10.
A.
(paragraph 9a)

LESSON 6.  TEMPERATURE STRESS

TASK:
Apply knowledge of physiological effects of temperature to improve aircraft accident prevention.

OBJECTIVES:
You will be able to respond to the following aspects of temperature stress:



a.
Temperature problems in aviation.



b.
Effects of heat to include physiological responses, heat injury, evaluating the environment, preventive measures, and acclimatization.



c.
Effects of cold to include cold injury, protective clothing, preventive measures, and treatment.

CONDITION:
You may refer to the lesson text and references to complete the review exercise.

STANDARD: 
You must correctly answer 8 of 10 review exercise questions.

REFERENCES: 
TB MED 81 (Sep 76), TB MED 507 (Jul 80), and ST 1-105-8 (Aug 76).

LESSON TEXT

1.
INTRODUCTION 


a.
Generally, temperature problems associated with aviation are due to climate, changes in atmospheric temperature with altitude, and friction of supersonic flight.  Temperature extremes due to altitude are not as important in Army aviation as climatic temperature extremes in producing uncomfortable cockpit environments nor does the heat produced by supersonic flight present a problem in aviation medicine.  However, cockpit temperatures can become unbearable due to climatic conditions alone.  In some Army aircraft, temperatures can become extremely high and uncomfortable.


b.
The effect of temperature extremes on physical and mental efficiency adds to stresses already present.



EXAMPLE: Heat can lower tolerance to hypoxia, and motion sickness is probably greater in an overheated cabin.  Variations in thermal environment must be extreme or sustained, however, to produce a significant decrease in performance.
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c.
Solar radiant heat is a phenomenon of importance in Army aviation.  Parked aircraft have a temperature 10° to 15°C higher in their cockpits due to radiation of solar heat through plexiglass.  This radiation heats interior objects of the cockpit.  They then reradiate the waves at frequencies that are unable to penetrate the Plexiglass outward.  As a result, heat accumulation within the cockpit becomes a significant factor at altitudes below 10,000 feet.


d.
Comfortable limits in the cockpit are 68° to 72°F and 25 to 50 percent relative humidity.  To maintain this temperature and humidity, extra heating and cooling equipment would be needed; however, this is expensive in terms of performance and cost.

2.
EFFECTS OF HEAT 


a.
Exposure.



(1)
Exposure to high environmental temperature produces stress on the body.  To compensate for this stress results in strains which, by themselves or more commonly in combination with strains associated with work, dehydration, and/or fatigue, may lead to clinical manifestations and disability.



(2)
Environmental conditions that influence the heat equilibrium of the body and its physiologic adjustments are the temperature of the air and surrounding objects, vapor pressure of water in the air (humidity), air movement, and the type and amount of clothing worn.  The body loses heat by conduction and convection, radiation, and evaporation.


b.
Physiologic Responses.



(1)
The first physiologic response to heat stress is vasodilatation in the skin with an increased heart rate.  This can result from heat loss by conduction and radiation from the skin.  This process places a strain on the cardiovascular system.  Sweating occurs when conduction and radiation from the skin cannot dissipate heat.  Relative humidity of the environmental air influences the ability to sweat.  Sweating results in salt and water loss, and the loss of water places an additional load on the already burdened cardiovascular system.



(2)
As a result of an exaggeration of these processes, strokes, heat cramps, and exhaustion can occur.  Other factors that influence an individual’s physiologic response to heat stress are the amount of work which is being performed and the physical condition.  Old age, lack of sleep, obesity, previous heatstroke, failure to acclimatize, or excess alcohol ingestion can diminish tolerance to heat stress.  Although a previous episode of heatstroke can predispose an individual to a repeated episode, it does not necessarily make one more susceptible to heat exhaustion or cramps.
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(3)
The body at rest eliminates about 25 percent of its heat production through water evaporation from the lungs and through the skin.  When the body cannot lose sufficient heat by conduction, convection, and radiation and the skin temperature rises to a critical level (93° to 95°F), activity of the sweat glands increases.  Heat loss by sweat evaporation then becomes the most important and sometimes the only means of maintaining normal body temperature.  However, as the vapor pressure (humidity) of the air increases, the air’s capacity to evaporate the sweat produced by the body decreases.  This reduces cooling because it is sweat evaporation that produces cooling (0.58 calories of heat removed per gram of sweat evaporated).  Inadequate cooling increases sweating, and excessive sweating may lead to a marked loss of water and salt from the body.  The water is almost entirely lost, at least initially, from the circulating blood volume.  If the water is not replaced, dehydration occurs.  This adds to the strain on the circulatory system and is usually an important factor in the cause of heat exhaustion.  Hyperventilation (panting) while perhaps increasing the heat loss via the lungs, can result in a lowered carbon dioxide (CO2) level in the blood.  This respiratory alkalosis may also contribute to the heat exhaustion syndrome and occasionally may be severe enough in a resting individual to produce tingling, numbness, fainting, and tetany (mineral imbalance with tonic muscle spasms).



(4)
Air motion is a significant factor only when it replaces the layer of air next to the skin with cooler, drier air.  This facilitates heat loss due to conduction and accelerates sweat evaporation.  The influence of air motion, consequently, becomes progressively less as the humidity and temperature of the air increases.



(5)
Other major factors influencing physiologic responses incident to high temperature exposures relate to the physical work performed prior to and during the exposure and the physical condition of the individual.  The body is constantly producing heat; but during physical work, the production of heat is increased in proportion to the type, intensity, and duration of the work; for example, an increased heat production during marching results from an increase in the load carried, the rate of marching, or the grade or difficulty of the terrain being traversed.  Thus, physical work accentuates the effects of high temperature.  Lack of acclimatization, obesity (which increases the load carried and decreases heat transfer from deep body sites to skin), dehydration, excessive consumption of alcohol, lack of sleep, old age, poor health, cumulative fatigue, and accumulated body heat storage (due to lack of adequate recovery periods) are examples of conditions that decrease a person’s ability to withstand high temperatures.


c.
Heat Injury.



(1)
Heat cramps.  The mildest form of heat injury is heat cramps.  Painful cramps of the voluntary muscles, usually of the extremities and abdomen, are symptoms of this condition and are due to excessive loss of salt.  The body temperature is normal.
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(2)
Heat exhaustion.  A more severe form of heat injury is heat exhaustion.  This is caused by water and salt loss.  Symptoms of this condition are headache, vertigo, confusion, incoordination, anorexia, nausea, vomiting, and occasionally heat cramps.  Oral temperature is variable, but rectal temperature will show a slight elevation of 99° to 101°F.  The skin is cool with profuse perspiration; blood pressure is low; and pulse is rapid.  Heat exhaustion is easily treated by the same measures used for heat cramps (replacing the lost water and salt), and mortality is very low.



(3)
Heatstroke.  The most severe heat injury is heatstroke; it has an extremely high mortality rate.  This condition occurs, particularly in unacclimatized individuals, when the heat regulating mechanism breaks down.  While the physiologic basis for heatstroke is not fully understood, it is associated with high internal body temperatures (usually internal temperatures greater than 106°F).  Inability to eliminate sufficient heat as a result of either high ambient vapor pressure or insufficient sweat production produces high internal body temperatures.  These high temperatures are believed to damage central nervous system centers concerned with vasomotor and/or sweating control.  Central nervous system damage is frequently irreversible, and temperatures are markedly elevated for sufficient lengths of time.  Heatstroke is thus a true medical emergency.


d.
Evaluating the Environment.



(1)
To determine the degree of heat stress, environmental air temperature, relative humidity, air movement, and heat radiation must be considered.  All these factors can be combined to give a single reading of the wet bulb globe temperature (WBGT).  The WBGT indicates the degree of environmental heat stress.




(a) To determine the WBGT index, use wet bulb and globe thermometers exposed to the sun and wind to measure the approximate effect of relative humidity and air movement.  To measure air temperature, use a globe thermometer exposed to solar radiation and a dry bulb thermometer in the shade.  These thermometers are located near the working areas of soldiers.




(b) To calculate the WBGT, add 7/10 of the wet bulb thermometer’s reading, plus 2/10 of the globe’s reading, to 1/10 of the dry bulb thermometer’s reading.  Use the reading obtained to make decisions on exposing soldiers to the environment.



(2)
If, from the above procedure, the WBGT index is greater than 80°F, the commander should use discretion when exposing inexperienced soldiers to the environment.  If the reading is over 85°F, strenuous activity for inexperienced personnel should be suspended and training should be reduced by eliminating outdoor classes in the sun.  If the WBGT index is greater than 88°F, physical training for all personnel should be suspended even though experienced personnel may be able to actively perform duties at 88° to 90°F for less than six-hour periods.
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e.
Preventive Measures.  Successful prevention of adverse effects of heat depends largely on the education of personnel exposed to heat and those charged with the supervision of such personnel.  Specifically, heat injury prevention involves developing procedures that will alert individuals to the existence of dangerous heat stress levels.  Personnel should also be alerted to the application of any practicable measures to reduce the severity and duration of the exposure and should adopt techniques to increase the resistance of exposed persons.  The severity of the effects of a given environmental heat are decreased by reducing the workload, increasing the frequency and/or duration of rest or relief periods, and introducing any measure that will protect an individual from the hot environment.  Resistance is increased by replenishing water and salt losses from the body as they occur, gradually acclimatizing individuals to hot environments, maintaining the optimum physical condition of personnel, and gradually introducing the required work level in a hot environment.



(1)
Water.




(a) The human body highly depends on water to cool itself in a hot environment.  An individual subjected to high heat stress conditions may, by sweating, lose water in excess of 1 quart per hour.  These losses must be replaced, or rapid rise in body temperature and heart rate, decrease in the ability and motivation to work, and deterioration in morale will occur.  Exhaustion eventually follows.  Water loss must be replaced, preferably by periodically taking in small amounts of water throughout the work period.  During a moderate activity period, with moderate environmental conditions prevailing, water requirements for each individual will be 1 pint or more per hour during 20-to 30-minute intervals.  As activities or conditions become more severe, the intake should be increased accordingly.  Thirst is not an adequate stimulus for water intake.  Individuals with ample water supplies will frequently dehydrate by 1 or 2 liters unless drinking is encouraged or is required by command control.  The optimum drinking water temperature is 60°F, ±10°F.




(b) The myth that individuals can be taught to adjust to decreased water intake has been disproven many times.  When water is in short supply, significant water economy can be achieved only by limiting physical activity to the early morning, evening, and night hours when exposure to heat is less and sweating is reduced.  Any attempt at water economy by restricting water intake must be paid for in reduced work capability, reduced efficiency, and increased risk of heat injury.



(2)
Acclimatization.




(a) Training programs should be limited in intensity and time for personnel who are climatically and/or physically unseasoned to hiat.  A period of approximately two weeks should be allowed for acclimatization with progressive degrees of heat exposure and physical exertion.  If individuals are required to perform heavy physical work before being properly acclimatized, their work is poorly performed, development of the capacity to work effectively is retarded, and the risk of heat injury and disability is high.  A period of acclimatization is
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necessary regardless of the individual’s physical condition; although, the better the physical condition, the quicker acclimatization can be completed.




(b) Acclimatization to heat begins with the first exposure and is usually fairly well developed by the end of the first week.  Individuals who are unusually susceptible to heat will require additional time for acclimatization.  Full acclimatization (the ability to perform a maximum amount of strenuous work in the heat) is attained most quickly by progressively increasing the amount of work performed in the heat.  Full heat acclimatization can be achieved by as little as two 50-minute periods of work in the heat each day.  The work task should require cardiovascular work, such as running in place, rather than muscular work, such as pushups.  Resting for three or four days in the heat, with activity limited to that required for existence, results in definite but only partial acclimatization.  Physical work must be accomplished but should be limited to brief periods.  A day or two of intervening cool weather will not interfere significantly with acclimatization.




(c) If circumstances necessitate that work be accomplished during the acclimatization period, advantage should be taken of the cooler hours for accomplishing it.  A schedule should be established which provides for increasingly longer work periods alternated with rest periods.  When necessary for the accomplishment of a given task, two details can be arranged to work in sequence.  Lighter work may be carried out for longer periods of time and heavier work for shorter periods of time.  During the midday period, personnel should rest and keep in the shade as much as possible.  Local and regional variations may warrant modifications of the work schedule.  Acclimatization schedules for unseasoned individuals, including recruits, should be scaled down to their tolerance.




(d) Once acclimatized, an individual will retain his adaption for about two weeks after leaving the hot environment.  If not exposed to high temperatures, the acclimatization will then decrease at a variable rate with the major portion usually lost within one month.




(e) Acclimatization to a hot, dry (desert) environment increases markedly the ability of personnel to work in hot, moist (jungle) environments.  However, for proper acclimatization to the latter, residence with regulated physical activity is required.  While carefully and fully developed acclimatization increases resistance, it does not confer complete protection against ill effects of heat.




(f) Adequate water must be provided during the acclimatization period as well as at other times.  Under conditions of heat stress, meals should be cool rather than hot.  The heaviest meal should be served in the evening rather than at noon.  An hour of rest following the noon meal is beneficial.

82



(3)
Physical condition.




(a) The individual’s general physical condition has a significant bearing on his reaction to heat stress.  Individual susceptibility to heat may be enhanced by a large number and variety of conditions.  Some of these conditions include fatigue; lack of sleep; obesity; dehydration; use of alcohol; febrile conditions; vascular diseases; conditions affecting sweat secretion; skin trauma, such as heat rash or acute sunburn; previous occurrence of heatstroke; and acute and chronic infections including the convalescent state.




(b) The risk of heat injury is much higher for overweight persons than for those of normal weight.  Special care should be exercised when such persons are exposed to high temperatures.  One attack of either heatstroke or severe heat exhaustion may predispose a person to a second attack.  An individual once affected, therefore, should be exposed subsequently to heat stress with caution.  Predisposition is not developed in the case of heat cramps.



(4) Work schedules.  Work schedules must be tailored to fit the climate, physical condition of personnel, and military situation.  Close supervision by medical officers, responsible commanders, and experienced paramedical personnel is essential in achieving maximum work output with minimum hazard.  The following general principles must be considered:




(a) The amount of heat produced by the body increases directly with the amount of work performed.  Therefore, reducing the workload markedly decreases the total heat stress.




(b) Workloads, durations of physical exertion, or both should be less during the first days of exposure to heat.  They should then be gradually increased to allow acclimatization.  While decisions to modify work schedules must be governed by the particular local situation, heavy work should be scheduled for the cooler hours of the day, such as early morning or late evening.




(c) Alternate work and rest periods may prove desirable.  Under moderately hot conditions, 5-minute rest periods in the shade alternated with 25 minutes of work in the sun may be desirable.  Under severe conditions, the duration of rest periods should be increased.




(d) Exposure to high temperatures at night as well as in the daytime will decrease the amount of work personnel can effectively perform.  Workloads must be reduced at high temperatures-when dehydration resulting from excessive sweating and lack of water replacement occurs.  When water is in short supply, working in the early mornings and evenings, rather than during the hottest hours of the day, will allow much more work to be accomplished for the expenditure of a given amount of water.




(e) Work in the direct sun should be avoided as much as possible on hot days.  Unnecessary standing at attention in the heat
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should be avoided because continued standing places an added burden on the circulation.




(f) When the temperature is excessively high, physical work should be curtailed or, under extremely severe conditions, even suspended.  The temperature at which work should be curtailed or suspended depends on the humidity, radiant heat, air movement, character of the work, degree of acclimatization of personnel, and other factors.  Heat casualties may be expected at wet bulb temperatures of 75°F and above unless preventive measures are instituted.  Overexertion can cause heat injury at even lower temperatures.



(5)
Clothing.  Except when exposed to the sun’s rays, an individual in a hot environment is better off wearing the least allowable clothing.  Clothing reduces the exposure of the body’s surface to solar radiation but, at the same time, decreases the movement of air over the skin.  To take full advantage of its benefits and minimize its disadvantages, clothing should be loose fitting especially at the neck, wrists, and lower legs to allow air circulation.  While military appearance may suffer, shirts should not be starched after washing.

3.
EFFECTS OF COLD 


Cold injury sporadically occurs among the civilian population but is of primary concern to military forces.  Cold injury has been recorded as a problem of military importance since the days of Zenophon and Alexander of Macedonia.  Larrey classically described the role that cold injury played in the defeat of Napoleon’s army in Poland during 1812.  During World War II, the US Army experienced 90,535 cases of cold injury that included several thousand cases of high altitude frostbite occurring in aircrew personnel.  In Korea, 9,000 frostbite cases occurred in the first winter (1951-52) of our involvement there.  Weather and type of combat action influence the incidence of cold injury.


a.
Cold Injury.  Cold injury is defined as tissue trauma produced by exposure to cold.  The type of injury produced depends on the degree of cold to which the body (or its parts) is exposed, the duration of exposure, and certain concurrent environmental factors.



(1)
Types.  For practical purposes, cold injuries may be divided into the following types:




(a) Freezing cold injury.  Frostbite (superficial or deep) is classified as a freezing cold injury.  It results from crystallization of tissue water in the skin and adjacent tissues.  It is produced by exposure to temperatures below the freezing point.  Depth and severity of the injury is a function of the temperature and duration of exposure--the lower the temperature, the shorter the time required to produce injury.  At low temperatures, in the presence of wind, freezing of exposed skin can occur within a few seconds.
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(b) Nonfreezing cold injury.  Chilblains, trenchfoot, and immersion foot are nonfreezing types of cold injury.  They are classified with respect to pathology, management, or even to the environmental conditions that are causative.  For present purposes, the term trenchfoot covers immersion foot and the more cumbersome nonfreezing cold injury.  Trenchfoot (and immersion foot) results from prolonged exposure to wet cold footgear or outright immersion of the feet at temperatures usually below 50°F.  At the upper range of temperatures, exposure of 12 hours or more will cause injury.  Shorter durations at or near 32°F will also cause injury.  Trenchfoot is usually associated with immobilization and dependency of the feet.  Chilblains result from intermittent exposure to temperatures above freezing accompanied by high humidity.  This is the only injury that is not of significant military importance.



(2) Factors.




(a) Agent.  Cold is the specific agent in cold injury and the immediate cause of tissue damage without respect to modifying factors.  If, however, the effect of cold is considered to be loss of body heat, an agent relationship with modes of heat conduction and production is apparent, and the ways in which various host and environmental factors modify cold injury become clear.  The effect of cold cannot be evaluated by ambient temperature alone.




(b) Environmental.  Weather is a predominant influence in causing cold injury.  Temperature, humidity, precipitation, and wind modify the rate of body heat loss.  Low temperatures and relative humidity favor frostbite; whereas, higher temperatures together with moisture are usually associated with trenchfoot.  Wind velocity accelerates body heat loss under wet and cold conditions.  The windchill effect must be thoroughly understood by all personnel in areas where cold injury is possible.  The equivalent temperature depicted on the windchill chart (Table 3) relates to the cooling effect on exposed skin.  Specific implications of the windchill phenomenon, then, relate to a freezing hazard of unprotected body surfaces, such as face or ears.  It is also important to know, when considering host factors in general, that increasing wind is recognized as a significant factor in total body heat loss.




(c) Combat action.  The incidence of cold injury varies greatly according to the type of combat action.  Units in reserve or in rest areas have few cases of cold injury.  For units engaged in holding missions or static defense, exposure is greater and a moderate increase in incidence is expected.  Units engaged in active defensive or offensive activities have marked increases occurring.  Immobility under fire; prolonged exposure; lack of opportunity to rewarm, change clothing, or carry out personal hygienic measures; fatigue; and state of nutrition may all be involved.
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Table 3.
Equivalent chill temperature (°F) as a function of actual 



temperature and wind speed.
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. DANGER ZONES REFER T0 LIKELIHOOD OF FROSTBITE 3. CLOTHING SELECTION AND ITS PROPER USE ARE OF
TO EXPOSED FLESH. WHEN ECT IS BELOW -70°F, GREAT IMPORTANCE. SIGNIFICANT PROTECTION IS
FREEZING MAY OCCUR !N LESS THAN 30 SECONDS. OFFERED BY SMALL ITEMS SUCH AS LIGHT GLOVES

. WINDVARIES WITHLOCATION ANDMUST THEREFORE  AND USE OF A PARKA HOOD T0 SHIELD THE FACE

BE MEASURED OR ESTIMATED ON SITE. ARTIFICIAL

WIND CAN ALSO BE A PROBLEM, AND DANGER OF 4. FROSTBITE 1S PREVENTABLE THROUGH ALERT
FROSTBITE IS GREATLY INCREASED ‘BY RIDING N OBSERVANCE OF PROPER PRECAUTIONS. KNOW AND
OPEN VEHICLES OR EXPOSURE TO PROP WASH. USE THEW!






b.
Clothing and Footgear.



(1)
Clothing.




(a) In warfare, where exposure to cold may be prolonged, adequate clothing properly worn is essential to welfare and survival.  Clothing for cold weather combat has been designed to be worn as an assembly for protection of the head, torso, and extremities.  Failure to wear the total assembly and inadequate supplies of proper sizes of clothing are important factors in cold injury.  A proper clothing assembly depends on the layering principle to conserve body heat.  Loose layers of clothing with airspace between them and water-resistant garments provide maximum protection.  Inner layers may be removed for comfort and efficiency to permit the escape of perspiration in higher ambient temperatures or during strenuous physical exertion.  Clothing wet by perspiration loses much of its insulating value.  Care must be taken to prevent perspiration from accumulating in clothing.  In all forms of 
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cold injury, preventing body heat loss is important.  All clothing articles must be loose to avoid constriction and tightness and be kept free of grease and dirt.




(b) A standard number of clothing layers cannot be prescribed for universal wear throughout winter months.  Flexibility must be provided for local conditions.  Certain basic principles are important to include ventilating the body during physical activity, cleaning and repairing clothing to prevent insulation loss, and avoiding constriction produced by snug fitting socks, boots, underwear, sweaters, jackets, and trousers.



(2)
Footgear.




(a) Ground force personnel in cold areas must be equipped with the insulated rubber combat boot.  Changing socks frequently is important with this boot because of increased sweating, sweat retention, and lowered resistance to epidermophytosis.  Although sweating in this boot does not contribute to the insulation loss, it nevertheless leads to softening of the soles by retaining sweat.  Trauma to macerated tissues, produced by walking, results in a denudation or loss of skin from the soles of the feet.  This may necessitate hospitalization.  Cold injuries to the foot have been reported when wearing this insulated boot.  Injuries usually result from inactivity and feet dependency, as occurs with prolonged sitting or standing without frequent foot or leg movement.  For sedentary individuals, skin cooling rates in feet protected by the insulated boot are predicted within a reasonable range of variations; for example, in temperatures of 0.3° to -0.5°F, skin cooling rates drop per minute at -25°F.  If attempts at warming with increased physical activity are not begun until the sensation of cold has been stimulated (skin temperature 50° and 55°F), only vigorous large muscle activity for a protracted period will create sufficient heat to change the foot temperature.  Even more important is the fact that in some individuals, skin temperatures, once cold, do not rise with exercise carried to limits of reasonable endurance.  Therefore, when the tactical situation permits, it is important for unit commanders to protect against this irretrievable situation by instituting periodic vigorous activity when temperatures reach 20°F or below.  Sedentary soldiers should exercise vigorously at hourly intervals; however, this type of prophylaxis should not be carried to the point of perspiration.




(b) In all types of footgear, feet perspire more and are generally less well ventilated than other parts of the body.  As a result, moisture accumulates in socks decreasing their insulating quality.  Because of this and the fact that feet are susceptible to cold injury and are less frequently observed than the remainder of the body, special foot and sock care is essential.  Extra socks should be carried by all ground force personnel.  Socks and other clothing soiled with dirt, grease, or mineral salts from perspiration will conduct heat more rapidly, thus affording less protection against the cold.
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c.
Preventive Measures.



(1)
Directives in clothing and footgear use.




(a) When working, remove excess layers of clothing before perspiration starts so that clothing does not become wet.  Avoid wetting clothing or footgear because moisture causes loss of insulating quality.




(b) Wear clothing and footgear loose enough to permit layers of air to provide good insulation and permit good blood circulation to all parts of the body.  Avoid tight fitting uniforms that are dangerous in cold climates.




(c) Keep hands well protected; mittens are more protective than gloves.  Because it takes longer to recondition hands to normal use, avoid lengthy exposure of bare hands and wrists to cold conditions.  Exposure will cause stiffening and reduce circulation.





CAUTION: Do not touch metal, snow, other cold objects with bare hands and refrain from spilling gasoline on skin or clothing.




(d) Remove excess clothing when in a warm enclosure or in front of a fire.  This is done to avoid sweating and undue dilation of skin blood vessels.



(2)
Exercise.  Activity of large muscle groups of the shoulders, trunk, and legs are required in order to generate and maintain body heat.  When the situation prohibits such activities, frequently changing the body’s position; moving toes, feet, legs, fingers, arms, and hands; and, to a lesser extent, isometrically exercising are less satisfactory alternatives.  In such situations, some delay in heat loss can be accomplished by sitting or standing on insulating material such as wood, cardboard, or other poor conductors rather than on cold or wet ground or snow.



(3)
Unusually susceptible groups.  Certain groups of individuals (fatigue, racial, geographic, origin, previously cold injured, negativistic) require greater protection and supervision of preventive measures in order to prevent cold injury.


d.
Treatment.  Treatment bf cold injury depends on the time elapsed after the injury, severity of the injury, presence of complications, and area affected.  In military operations, treatment will be influenced by the tactical situation as well as the facilities available for casualty evacuation.  Most cold injuries appear en masse, during periods of intense combat, and at the time that large numbers of casualties occur.  Examination and treatment of life-endangering wounds must take precedence over cold injuries.  Higher individualized treatment is difficult during military operations because of the large number of patients who require treatment almost simultaneously.  The treatment of 
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cold injury is divided into buddy system or first aid, initial or emergency medical treatment in forward areas, and definitive treatment after the patient has reached a hospital.



(1)
First aid.




(a) If cold injury occurs, the patient should be restricted from usual duties or activities until the severity of the injury can be evaluated.  A doctor should see the injury as soon as possible.




(b) All constricting items of clothing, such as boots, socks, or gloves, should be removed from the site of the injury.  The injured area must then be protected from further cold injury with blankets or any available clothing that is not constricting.




(c) Smoking; drinking alcohol; and applying medications, salves, or ointments are prohibited.  Blisters must not be opened.  Drinking hot liquids, if available, is encouraged.




(d) If the lower extremity is involved, treat as a litter patient with the injured part level or slightly elevated.  Extreme care must be taken to prevent further trauma and infection.  For frostbite cases in unusual circumstances where travel on foot is the only means of evacuation, thawing the injured area is not indicated until the patient reaches an aid station and medical help.



(2)
Initial or emergency treatment.




(a) In many ways, cold injury is not unlike a burn.  It should never be treated lightly, because tissue loss and nerve damage associated with cold injury frequently results in permanent disability.  The two most important tenets in the treatment of cold injuries are conservative surgical management and infection prevention.




(b) If freezing has occurred and the affected tissue is still frozen, it should be rapidly thawed in a water bath carefully controlled at a temperature of 40°C (104°F) but not exceeding 42°C (109°F).  Thawing is determined by return of sensation (usually pain), return of color (frequently deep red or even purple), and the observation that the tissue is soft and no longer brittle or hard.  The only safe and effective method is the use of a water bath with thermometer control.  If warm water and a thermometer are not available, the injured part may be rewarmed with body heat from another portion of the body (axilla) or another person.  Under no circumstances should snow, ice water, grease, massage, walking, or dry heat be used.  Further injury may occur from overzealously applying heat.  Rapid warming should not be continued beyond the time when thawing is complete or instituted if thawing has already occurred.  Warming above 37°C (98°F) is not recommended for nonfreezing cold injuries.  Intense pain may ensue from rapid thawing, and pain medication such as morphine may be necessary.  Cold injury is no
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contraindiction for narcotics or other pain medications, but accompanying injuries may govern the choice of medication.




(c) Smoking is prohibited in all types of cold injury.  Nicotine causes vasoconstriction and may further decrease the blood supply to the injured tissue.  Generally, mild stimulants, such as tea or coffee, are useful, especially if the patient is cold.  Alcohol is not recommended because of its variable effect on peripheral blood flow.




(d) Blisters and blebs should not be ruptured.  Salves, ointments, and greases are contraindicated.  If patient transport is necessary, the affected part should be loosely wrapped with fluff bandages of sterile gauze.  Care should be taken to prevent chafing blebs.



(3)
Evacuation.  All victims of cold injuries should be evacuated to an aid station at the earliest possible time.  There they can be evaluated by a medical officer.



(4)
Very mild cold injuries.  Injuries such as chilblains require little specific treatment.  However, because the manifestations of tissue damage are slow to appear, care must be taken not to underestimate any cold injury, and the patient should be seen by the medical officer.  If hives (urticaria) are a prominent feature, antihistamines such as diphenhydramine hydrochloride (50 milligrams orally three times a day) may give relief.
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REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
Which is the most severe and life-threatening heat injury? 


A.  sunburn 


B.  heatstroke 


C.  heat cramps 


D.  heat exhaustion 

2.
What causes a heatstroke? 


A.  rising body temperature 


B.  decreasing body temperature 


C.  inadequate blood circulation 


D.  breakdown of the heat regulating mechanism 

3.
How much water per hour does an individual under severe heat stress require? 


A.  1 pint 


B.  1 quart 


C.  2 quarts 


D.  1 gallon 

4.
What is the first physiologic response to heat stress? 


A.  metabolic 


B.  secretory 


C.  respiratory 


D.  vasodilatation 

5.
Once acclimatized, approximately how long will an individual retain his adaption? 


A.  two weeks 


B.  six weeks 


C.  four weeks 


D.  two months 

6.
For practical purposes, cold injuries may be divided into freezing and nonfreezing types.  Which is a freezing type? 


A.  frostbite 


B.  trenchfoot 


C.  chilblains 


D.  immersion foot
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7.
One attack of either heatstroke or severe heat exhaustion may predispose to a second attack.


A.  true 


B.  false 

8.
The myth that people can be taught to adjust to decreased water intake has been proven many times.


A.  true 


B.  false 

9.
First aid for injuries should include smoking tobacco and drinking alcohol to increase vasoconstriction.


A.  true 


B.  false 

10.
Mild stimulants, such as tea or coffee, are especially useful if the patient is cold.


A.  true 


B.  false

REVIEW EXERCISE SOLUTIONS

1.
B.
(paragraph 2c(3)) 

2.
D.
(paragraph 2c(3)) 

3.
B.
(paragraph 2e(1)(a)) 

4.
D.
(paragraph 2b(1)) 5.


5.
A.
(paragraph 2e(2)(d)) 6.


6.
A.
(paragraph 3a(1)(a)) 7.


7.
A.
(paragraph 2e(3)(b)) 8.


8.
B.
(paragraph 2e(1)(b)) 9.


9.
B.
(paragraph 3d(1)(c)) 10.


10.
A.
(paragraph 3d(2)(c))
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LESSON 7.  RESPIRATION AND CIRCULATION

TASK:
Apply knowledge of the physiological factors of respiration and circulation to aircraft accident prevention situations.

OBJECTIVES:
You will be able to respond to the following physiological factors of respiration and circulation as they affect aviation personnel:



a.
Definition of respiration and circulation.



b.
Divisions of the atmosphere.



c.
Hypoxia to include definition, types, stages, symptoms, effects of cigarette smoking, and prevention.



d.
Hyperventilation to include causes, symptoms, and treatment.

CONDITION:
You may use the lesson text and references to complete the review exercise.

STANDARD: 
You must correctly answer 8 of 10 review exercise questions.

REFERENCES: 
TB MED 507 (Jul 80), TB MED 501 (Mar 80), and ST 1-105-8 (Aug 76).

LESSON TEXT

1.
INTRODUCTION 


Respiration is the means through which oxygen is taken into the body and carbon dioxide is expelled from the body.  Circulation is the manner in which blood is circulated through the body by means of the heart, arteries, veins, and capillaries.  Respiration and circulation are vital processes of life.  They are dependent on one another and must continue uninterrupted if life is to continue.


a.
Respiration.



(1)
Respiration is accomplished through the airway (nose, mouth, throat, voicebox, windpipe, and bronchial tree), a canal through which air passes to and from the lungs; the lungs (two elastic organs made up of thousands of tiny airspaces and covered by an airtight membrane), and the chest cage (formed by muscles connected to the ribs 
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which join the spine in back and the breastbone in front).  The top part of the chest cage is closed by the neck structure.  The bottom part is separated from the abdominal cavity by a large dome-shaped muscle called the diaphragm.



(2)
Normal respiration includes the cycle of inspiration (inhale) and expiration (exhale) followed by a brief pause.  During inspiration, air flows into the lungs until the pressure within the lungs equals that of the atmosphere.  During expiration, air is expelled from the lungs until the pressure within the lungs is above atmospheric pressure.  Since oxygen is not stored in the body, the body’s oxygen demand must be met continuously through respiration to sustain life.  If a person stops breathing, death or irreversible brain damage will occur unless breathing is restored within four to six minutes.


b.
Circulation.  The heart is divided into two separate halves, each acting as a pump.  The left side pumps oxygenated blood (bright red) through the arteries into the capillaries; nutrients and oxygen pass from the blood through the walls of capillaries into cells.  At the same time, waste products and carbon dioxide enter the capillaries.  From the capillaries, deoxygenated blood is carried through the veins to the right side of the heart and then into the lungs where carbon dioxide is expelled and oxygen is picked up.  Blood in the veins is dark red because of its low oxygen content.  Blood does not flow through veins in spurts as it does through arteries.



(1)
The heart functions as a pump to circulate the blood under pressure through the network of blood vessels.  The heart contracts forcing blood from its chambers, and then it relaxes permitting its chambers to refill with blood.  This cycle of contraction and relaxation, repeated continuously at regular rhythmical rate, is known as the heartbeat.



(2)
Blood flows through the arteries in spurts to all parts of the body.  Arteries expand each time the heart forces blood into them; they contract as blood moves farther along the circulatory system.  This process is called the pulse, and normal pulse rate is 60 to 80 beats per minute.

2.
DIVISIONS OF THE ATMOSPHERE 


Divisions of the atmosphere are primarily physical or meteorological in nature.  Most people are familiar with the troposphere and stratosphere.  They are important for the aviator to know.  However, from the viewpoint of physiological effects associated with flight, the following divisions give a better view of problem areas:


a.
Physiological Efficient Zone.  The region of the atmosphere to which the human being is adapted physiologically extends from sea level to 10,000 feet above sea level (ASL).  The oxygen level within this zone is sufficient to keep a normal, healthy individual fit without the aid of special protective equipment.  The total barometric pressure change between sea level and 10,000 feet ASL is not great enough to produce 
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decompression sickness.  Changes in pressure encountered with rapid ascents and descents within this zone can produce ear or sinus difficulties; however, these are relatively minor problems when compared to true physiological impairment met at higher altitudes.


b.
Physiological Deficient Zone.  This zone extends from about 12,000 to 50,000 feet, and as one ascends, oxygen deficiency becomes an everincreasing problem.  Pain from expansion of trapped gases in the intestinal track and involved gas problems may also occur within this zone.  Pressure changes from 483 millimeters (mm) of mercury (Hg) at 12,000 feet to 87 mm Hg at 50,000 feet.



(1)
At 35,000 feet, an unprotected individual loses consciousness from oxygen deficiency (hypoxia) in 30 to 60 seconds.  At 50,000 feet, an individual loses consciousness in 10 seconds even when supplied with 100 percent oxygen by mask.  This altitude is the upper limit of the physiologically deficient zone.



(2)
Although hypoxia is the primary problem encountered in this region, exposure to altitudes greater than 18,000 feet can produce nitrogen bubbles in the body.  This effect leads to symptoms of decompression sickness.


c.
Space Equivalent Zone.  This is an overwhelming area from the viewpoint of miles but is small from the viewpoint of pressure change.  The extent of this zone is from 50,000 feet to 120 miles.  The pressure change represented is just a little over 1 pound per square inch.  Peculiar problems of flight over 50,000 feet are essentially the same as for a human being existing in total space.  The problem of blood and fluids boiling above 63,000 feet, plus gravitational changes on the body, make this a space equivalent zone.


d.
Total Space Equivalent Zone.  This zone extends from 120 miles on up and represents what one might call true space.  Except for a few physiological and psychological problems peculiar to space travel, physiological problems in this zone are identical with those in the partial space equivalent zone.

3.
HYPOXIA 


Hypoxia is a lack of sufficient oxygen in the body cells or tissues.  It is caused by an inadequate supply of oxygen, inadequate transport of oxygen (by blood), or the inability of the body tissues to use oxygen.  At least 75 hypoxic fatalities occurred in the European theater during World War II at altitudes between 17,000 and 31,000 feet.  Two deaths have occurred at altitudes between 17,000 and 20,000 feet, and compromised performance due to hypoxia has been demonstrated at altitudes above 5,000 feet.
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a.
Types.



(1) There are various types of hypoxia, but the most frequent and important type encountered at altitude is caused by breathing air with a low partial pressure of oxygen.  The result is the syndrome called mountain or altitude sickness.  Without properly using oxygen equipment and cabin pressurization, decreased partial pressure of oxygen encountered at low barometric pressure can quickly lead to incapacitation or death, depending on the flight altitude.  This type of hypoxia ranges from moderate to severe and from severe to fulminating at altitudes between 10,000 and 35,000 feet and higher.



(2) Hypoxia onset is difficult to detect because it is painless and may produce a feeling of well-being similar to having a few cocktails.  The most important hazardous characteristic of hypoxia at altitude is that an aviator can become so engrossed with flight duties, he may not notice the symptoms or effects that could prove fatal.


b.
Stages.  In aviation, the most important effects of hypoxia are those directly or indirectly related to the nervous system.  The brain must have a continuous and uninterrupted supply of oxygen.  Although a certain amount of individual differences exist, the time of onset and severity of symptoms can be divided into four stages and related to altitude range.



(1)
Indifferent stage.  The only consistent effect of mild hypoxia existing in this stage is the deterioration of night vision that becomes significant at 5,000 feet.  For this reason, military oxygen regulators are designed to maintain the user at the equivalent of 5,000 feet or below.  Oxygen is used on night flights by aviators and other crew members whose duties require a high level of visual acuity.



(2)
Compensatory stage.  The circulatory system and, to a lesser degree, the respiratory system provide some defense against hypoxia in this stage.  Pulse rate, systolic blood pressure, rate of circulation, and cardiac output increase.  Respiration increases in depth and sometimes in rate.  However, at 12,000 to 15,000 feet the effects of hypoxia on the nervous system become increasingly apparent; after 10 to 15 minutes, impaired efficiency is obvious.  The individual becomes drowsy and frequently makes errors in judgment.  Difficulty is experienced with simple tasks requiring mental alertness or moderate muscular coordination.



(3)
Disturbance stage.  In this stage, physiological responses can no longer compensate for oxygen deficiency.  Occasionally, there are no subjective symptoms of hypoxia up to the time of unconsciousness.  More often, symptoms such as fatigue, sleepiness, dizziness, headache, breathlessness, and euphoria are reported.  Objective symptoms include--




(a) Special senses.  Peripheral and central vision is impaired, and visual acuity is diminished.  There is weakness and
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incoordination of extraocular muscles with decreased range of accommodation.  Touch and pain are diminished or lost.  Hearing is one of the last senses lost.




(b) Mental processes.  Intellectual impairment is an early sign that often prevents the individual from recognizing his disability.  Thinking is slow and calculations are unreliable.  Memory is poor.  Judgment and reaction time are also affected.




(c) Personality traits.  Basic personality traits and emotions may be released as with alcoholic intoxication.  This sometimes results in euphoria, pugnaciousness, overconfidence, or moroseness.




(d) Psychomotor functions.  Muscular coordination is decreased, and delicate or fine muscular movements may be impossible.  Stammering, illegible handwriting, and poor coordination in aerobatic or formation flying are typical of this stage of hypoxic impairment.




(e) Cyanosis.  The skin becomes bluish in color from the presence of reduced hemoglobin in the capillaries.



(4)
Critical stage.  Within three to five minutes, judgment and coordination deteriorate with subsequent mental confusion and dizziness.  Finally, severe hypoxia and incapacitation occur.  The individual may be able to maintain an upright posture but will probably lose consciousness while maintaining blood pressure or will faint if a reflex fall in blood pressure occurs.


c.
Symptoms.



(1)
Headache and lethargy are common complaints after a prolonged period of severe hypoxia.  The headache is generally distributed but is particularly acute in the frontal region.  The best cure is sleep, but administering 100 percent oxygen is advisable if the headache is severe.  These symptoms have been explained on the basis of edema of the tissues, particularly the cerebral tissues, as a consequence of increased permeability of the capillaries caused by hypoxia.  Nausea, vomiting, and severe prostration may also occur but usually clear up in 24 to 48 hours.  Permanent cerebral damage resulting from hypoxia has been comparatively rare.  Only a few authenticated cases are on record.



(2)
The ability to withstand hypoxia varies considerably within individuals and accounts for variations in "ceiling." A large part of tolerance is based on adequacy of physiological adjustments, especially in breathing.  Deeper breathing immediately results in an increase of oxygen pressure in the lungs and increased blood alkalinity.  The latter favors uptake of oxygen by the hemoglobin.  At extreme altitudes, such as 40,000 feet where 100 percent oxygen must be breathed, pressure in the alveoli equals the sum of partial pressures exerted by water vapor, carbon dioxide, and oxygen.  The pressure of water vapor is relatively constant, tending to correspond to a saturated state of 37°C.  

99

Consequently, lowering the partial pressure of carbon dioxide, as occurs in deep breathing, will increase the partial pressure of oxygen in the lungs by an approximate equivalent amount.



(3)
Inexperienced personnel collapse more frequently at intermediate altitudes than do experienced individuals.  Factors involved in such collapse are primarily psychogenic.  Hyperventilation produced by hypoxia ordinarily lowers alveolar carbon dioxide enough to produce minor symptoms, such as dizziness, but does not produce more serious effects.  However, an individual who is apprehensive may hyperventilate to a greater extent and produce a degree of lack of carbon dioxide in the blood (hypocapnia) associated with more marked symptoms.  Such hypocapnia, added to visceral (splanchnic) vasodilation, not an infrequent response to fear, may bring about collapse.


d.
Smoking and Hypoxia.



(1)
Cigarette smoking.  By smoking, an aviator becomes more susceptible to high stages of hypoxia at lower altitudes; for example, smoking at 10,000 feet produces effects of hypoxia equivalent to those experienced at 14,000 feet without smoking.  Smoking may also help induce a continuous stage of mild hypoxia that becomes serious with small changes in altitude.



(2)
Night vision.  The only consistent effect of mild hypoxia in the indifferent stage is the deterioration of night vision around 5,000 feet.  Smoking compromises night vision at ground level.



(3)
Tolerance to hypoxia.  The effect of smoking on an aviator’s tolerance to hypoxia is due to carbon monoxide and nicotine found within cigarette smoke.  Red blood cells combining 250 times faster with carbon monoxide reduces the aviator’s tolerance to hypoxia by reducing the amount of oxygen, transported by the blood.  Smoking three to four cigarettes prior to a night flight may cause a carbon monoxide saturation of 8 to 10 percent with night visual sensitivity equal to that at 8,000 to 10,000 feet.  To lessen this effect, individuals should stop smoking about an hour prior to flying and not smoke at all while flying.  This helps to reduce carbon monoxide saturation of the blood.


e.
Prevention of Hypoxia.  Hypoxia can be prevented by three means:  limiting altitudes, breathing supplemental oxygen, or pressurizing cabins.  AR 95-1 specifies that oxygen will be used when cabin pressure altitude exceeds 10,000 feet, except for those aircraft not equipped with oxygen systems where flight above 10,000 feet is necessary to clear local conditions such as terrain or weather.  Such altitudes may be maintained for one hour of which not more than 30 minutes may be above 12,000 feet.  Aircraft will not be flown above 14,000 feet without oxygen.
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4.
HYPERVENTILATION 


The brain’s respiratory center reacts to the amount of carbon dioxide found in the bloodstream.  When you are in a physically relaxed state, the amount of carbon dioxide in your blood stimulates the respiratory center, and your breathing rate is stabilized at 12 to 16 breaths per minute.  When physical activity occurs, body cells use more oxygen, and more carbon dioxide is produced.  Excessive carbon dioxide enters the blood; and, subsequently, the respiratory center responds to this.  Breathing increases in depth and rate to remove the oversupply of carbon dioxide.  Once excess carbon dioxide is removed, the respiratory center causes the breathing rate to change back to normal.  The same process is involved when maximum effort is made to hold the breath.  While the breath is being held, body cells continue to manufacture carbon dioxide which enters the blood.  The amount in the blood finally becomes so great that, in spite of conscious efforts, the respiratory center overrides it and breathing is resumed.


a.
Causes.



(1)
Hyperventilation is a condition in which an abnormal increase in the breathing rate occurs.  Although the average individual inhales about a pint of air at a time, or from 6 to 8 quarts per minute, it was observed that bomber gunners at work during combat (World War II) breathed as much as 50 to 60 quarts per minute and experienced severe hyperventilation.



(2)
Hyperventilation can occur above 10,000 feet as a result of hypoxia, although it may occur at any altitude.  Try this: Breathe as deeply and rapidly as you can for about 15 seconds.  Do not overdo it! You have experienced hyperventilation if you felt a tingling sensation or dizziness.



(3)
Hyperventilation results in excessive loss of carbon dioxide from the blood.  Normally, the amount of oxygen and carbon dioxide diffused through the alveoli in the lungs is regulated so a proper balance between these gases exists.  When the respiratory rate increases, normally there is an increase in the oxygen demand and carbon dioxide production by the body; therefore, proper carbon dioxide balance is maintained.  If the respiratory rate increases without need for additional oxygen, excessive carbon dioxide is eliminated because additional carbon dioxide is not being produced.  This carbon dioxide shortage results in the numbness and dizziness you may have experienced in the earlier breathing exercise.




EXAMPLES: Hyperventilation may be induced by voluntary or involuntary overbreathing, anxiety, and apprehension.  An excited aviator or crew member, especially in a combat zone, may experience any of these symptoms.


b.
Symptoms.  Hyperventilation symptoms are similar to those of hypoxia (lack of oxygen).  Sometimes, aviators mistakenly believe these symptoms are due to lack of oxygen and try to correct the situation by
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breathing faster.  This only makes the situation worse.  It is important that you recognize hyperventilation symptoms early because continued overbreathing can lead to serious carbon dioxide deficiency in the bloodstream.  In addition to shortness of breath and a sense of well-being, prolonged hyperventilation results in dizziness and blurred vision; numbness of hands, feet, and the area around the mouth; muscle spasms and stiffening of the body; and, perhaps, unconsciousness.


c.
Treatment.  First, the person must determine if hyperventilation is caused by fear, excitement, or hypoxia.  The simplest test is by flight altitude.  Below 10,000 feet, hypoxia does not cause problems severe enough to result in hyperventilation.  Above 10,000 feet, it may be due to fear, excitement, or hypoxia.  Below 10,000 feet, treat as if it is only hyperventilation: slow your breathing, breathe into a bag, and do not panic.  Above 10,000 feet, assume it is caused by hypoxia: use oxygen, if available, while breathing normally.  If oxygen is not available, fly the aircraft below 10,000 feet or land rather than risk passing out.



(1)
The most effective treatment is to voluntarily reduce respiration rate.  However, it is conceivable that an extremely apprehensive person would not respond to directions to slow his respiration.



(2)
When hypoxia and hyperventilation occur simultaneously, a decrease in respiratory rate and breathing 100 percent oxygen will correct the condition.



(3)
If hypoxia or other disturbances coexist, it is imperative to return to ground level before more serious developments occur.
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REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
Tolerance to hypoxia for a cigarette smoker is lowered by how many feet? 


A.  1,000 


B.  2,000 


C.  3,000 


D.  4,000 

2.
The human being is physiologically adapted to the division of the atmosphere from sea level to how many feet ASL? 


A.  10,000 


B.  15,000 


C.  20,000 


D.  30,000 

3.
Oxygen deficiency in the body tissues is known as 


A.  hypoxia.


B.  hyperventilation.


C.  trapped gas disorder.


D.  involved gas sickness.

4.
Above what altitude, in feet, will aircraft not be flown without supplemental oxygen? 


A.  5,000 


B.  8,000 


C.  10,000 


D.  14,000 

5.
What organ is most susceptible to a lack of oxygen? 


A.  brain 


B.  liver 


C.  lungs 


D.  kidneys 

6.
The effect of smoking on an aviator’s tolerance to hypoxia is due to carbon monoxide and nicotine found within cigarette smoke.


A.  true 


B.  false
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7.
The most effective method of treating hyperventilation is by voluntarily reducing the breathing rate.


A.  true 


B.  false 

8.
Respiration is the means by which carbon dioxide is taken into the body and oxygen is expelled.


A.  true 


B.  false 

9.
Respiration and circulation are vital processes of life.  They depend on one another and must continue uninterrupted if life is to continue.


A.  true 


B.  false 

10.
Bubbles of nitrogen in the body that lead to decompression sickness are the primary problem encountered at 18,000 feet and above.


A.  true 


B.  false

Lesson 7 Answer Keys and Feedback

1.
D.
4,000
2.
A.
10,000
3.
A.
hypoxia.
4.
D.
14,000
5.
A.
brain
6.
A.
True 

7.
A.
True 

8.
B.
False 

9.
A.
True 

10.
A.
True
LESSON 8.  NUTRITION

TASK:
Apply knowledge of physiological factors of nutrition to improve aircraft accident prevention.

OBJECTIVES:
You will be able to respond to the following physiological factors of nutrition that affect aviation personnel:



a.
Overeating prior to flight.



b.
Results of overeating.



c.
Feeding flying personnel.



d.
Illness.



e.
Drugs and the flyer.

CONDITION:
You may refer to the lesson text and reference to complete the review exercise.

STANDARD: 
You must correctly answer 8 of 10 review exercise questions.

REFERENCE: 
ST 1-105-8 (Aug 76).

LESSON TEXT

1.
INTRODUCTION 


In all circumstances, diet and nutrition are very important factors in maintaining good health and maximum efficiency.  Diet and nutrition are most important to the aviator who must be efficient in high performance aircraft and must remain in good physical condition.  Appetite and digestion are very likely to be affected by the physical and emotional stress faced by the aviator in flying.

2.
FOOD STRESS 


a.
Specific types of food affect the intestinal track’s sensitivity to gaseous distention and may cause distressing symptoms and severe pain as altitude increases.  Fatigue, apprehension, and emotional and general physical condition can add to the sensitivity or irritability of an individual’s intestinal track.
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b.
An individual is much more susceptible to gas pain when a regular eating schedule is not followed or a hasty meal is eaten before flying.  Special consideration to diet and conditions under which food is eaten is strongly recommended to aviators before flying.



(1)
Overeating prior to flight.  Overeating just prior to flying should be avoided because the stress of digestion tends to bring on fatigue and a sleepy feeling.  Overeating prior to flight causes the stomach to enlarge.  The pain may be severe which could become a dangerous stress to the aviator.



(2)
Results of overeating.  Probably, the greatest health problem in the United States today is that of being overweight.  When food input exceeds energy output required to burn food up, overweight is the end result.  Overweight is a serious condition in flying as it represents an unnecessary stress.



(3)
Obesity.  Army aircraft cockpits are designed for individuals with a maximum weight of 200 pounds.  The UH-60 has the greatest capacity for aviator weight--a maximum of 250 pounds.  The seat could physically carry more, but engineers have placed this limit to support seat crashability.  The Mohawk ejection seat and cartridge are designed for a maximum of 190 pounds; hence, a very good reason for weight standards.



(4)
Overweight aviators.  The medical management of obesity is a frequent task for the flight surgeon.  Requests on how to lose weight quickly are frequently made by aviators.  From the standpoint of flying, overweight aviators are a concern for the flight surgeon.  The flight surgeon is also concerned with the role of excess fat in cardiovascular disease and as a complicating factor in such diseases as gout, arthritis, and diabetes.  A continuing administrative and therapeutic problem for the flight surgeon is aviator excess body weight and obesity.



(5)
Flight requirements.  The maximum weight for any individual on flight status is 250 pounds (height, 80 inches) and is based on height alone.  Exceptions to the maximum are waived on individual bases.  A commonsense approach for the flight surgeon to take regarding a rated aviator who is overweight at the time of the flight physical, is to conditionally qualify the aviator and hold the physical for 30 to 60 days while having the individual on a weight-reducing diet.  At the end of this time, if the aviator meets weight standards, qualify him.  If the aviator is still over the standards, disqualify him and emphasize that weight standards are not imposed by medical people but by the commander.


c.
Careful food preparation cannot be overemphasized in preventing serious complications such as diarrhea while in flight.  Food inspections and individual sanitation can prevent conditions that might bring about complications during flight.
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3.
FEEDING AIRCREWS 


The body requires energy replacement on a regular schedule; therefore, flight personnel should follow a regular eating schedule.  Many individuals may feel that a breakfast of coffee is sufficient, but breakfast should consist of a well-balanced meal because the body has been functioning a long period of time without refueling.  Irregular eating schedules and lack of refueling the body contribute to fatigue, human error, and possible aircraft accidents.  Just as an aircraft requires refueling at specific times (specified by the flying time it can fly by the amount of fuel on board), the human body requires nutrient refueling on a regular basis.

4.
ILLNESS 


a.
Any illness that the aviator feels he has should not be taken lightly and the flight surgeon should be consulted before flying.  Any illness that flight personnel might have imposes more stress on their bodies in flight than on the ground.


b.
Flying personnel should never attempt to hide any illness regardless of the reasons.  To do so jeopardizes the crew and the aircraft.  The purpose of the annual physical examination by the flight surgeon is to protect the individual and aircraft.

5.
DRUGS AND THE FLYER 


There are few, if any, drugs that are not important in relation to flying duty.  The use of drugs by flying personnel usually becomes a problem when adequate medical administrative control is not exercised by the flight surgeon or when flying personnel have not received adequate medical indoctrination.  The flight surgeon is responsible for seeing that no one flies as an aircrew member while under medication that might impair flying efficiency.


a.
Specific Drugs.



(1)
Alcohol is a central nervous system depressant, despite its apparent stimulating effect.  While it is difficult to establish any firm bottle-to-throttle time, the aviator should not fly until all alcohol has been eliminated from his system.  Army aviators are prohibited from flying within 12 hours of drinking and should never fly with a hangover.  Tolerance to alcohol is highly individualistic; for example, one person may become drunk on 1 to 2 ounces of alcohol.  Again, as far as the hangover goes, one person may feel bad and have general malaise for two to three days after drinking 2 ounces of alcohol.  Another individual may not have a hangover, even though a relatively large amount of alcohol has been consumed during an evening’s partying.  Flying with a hangover is dangerous because this condition lowers tolerance to hypoxia.  Time is the only cure for a hangover.
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(2)
While caffeine in coffee does allay fatigue and improve reaction time, its overconsumption causes jumpiness, irritability, and a decrement in fine psychomotor coordination actions required in flying an aircraft.  This is particularly important to helicopter pilots.  Its interference with sleep is well known.  Coffee should never be used as a substitute for proper rest and nutrition.  The ingestion of coffee is not condemned, but it is recommended that coffee intake be limited to approximately 3 to 4 cups per day.



(3)
Salicylates, particularly aspirin and APC tablets, are cold tar derivatives.  In susceptible individuals or following prolonged use, they may produce depression of blood-forming elements of the body.  High dosages of salicylates are known to cause methemoglobinemic elements in the body and, therefore, reduce tolerance to hypoxia.  Aviators should not take more than two tablets of either aspirin or APC per day for more than two successive days unless under the treatment of a flight surgeon.  The condition under treatment, as well as the drug, may threaten flying safety.  For instance, the individual with a severe headache is not being grounded because of ingestion of APC or aspirin but because the severe headache will influence the individual’s ability to function as an aviator.  Large doses of aspirin and APC may cause nausea, vomiting, visual disturbances, impaired hearing, tinnitus, and mental confusion.



(4)
Antihistamines (Benadryl, pyrabenzamine, Contact, and Dristan) are widely used as self-medicated drugs for the management of colds, sinusitis, and allergic disorders.  Indiscriminate use of antihistamines can be particularly dangerous.  These drugs cause varying degrees of drowsiness, decreased reaction time, and occasionally disturbance of equilibrium.  Their action is similar to sleeping pills.



(5)
Nasal decongestants (nose drops) should be carefully administered due to the marked absorptive power of the nasal mucosa.  Nervousness ranging from tremors to complete uncoordination or even convulsions may occur if nose drugs are used indiscriminately.



(6)
A patient who needs antibiotics will often have a condition that is serious enough to prohibit flying.  Antibiotics are frequently given indiscriminately, and there are certain antibiotics that should not be given flying personnel unless absolutely necessary.  Streptomycin and dihydrostreptomycin have a tendency to cause disturbances in hearing and equilibrium.  Chloromycetin is known to cause disturbances in the blood forming organs of the body.



(7)
Aviators are specifically prohibited from returning to flying status for four weeks following the ingestion of a tranquilizer.  People on tranquilizers for psychiatric reasons probably should not be flying because of the psychiatric reasons.  They should be off the drug and perfectly well for a period of at least 30 days to see if they are emotionally stable enough to assume control of an aircraft again.
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b.
Army Policy.



(1)
Since additional stress can be produced by drugs, it has been and is now Army policy that, in general, no drugs will be used by an individual while on flying status.  Flight surgeons must be especially alert to detect self-medication.  They must take steps to ensure that drugs are not being given to flying personnel either through self-medication or by allied personnel who are not flight surgeons.  The flight surgeon can do much to control the latter through the establishment of adequate rapport and liaison with other medical personnel so that, when flying personnel are being treated by them, the flight surgeon is informed.



(2)
Sick? See a flight surgeon.




(a) When are you, as an aircrew member, incapable of hacking a mission because of illness? In most cases, you are the only one who can make that decision.  Sure, the flight surgeon can ground you, but the surgeon has to see you first.  If your symptoms aren’t obvious to others, you can get away with flying even though you usually shouldn’t.




(b) A recent fatal aircraft accident revealed that an aviator failed to obtain medical assistance despite the fact that physiological incapacitation may have been a factor in the accident.  Don’t fool around with self-medication if you feel under the weather.  You have good medical experts as close as your flight surgeon’s office.  Use them!
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REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
Overeating and obesity result in a person being more susceptible to stress.


A.  true 


B.  false 

2.
Aviators should hide illnesses from the flight surgeon to avoid being grounded.


A.  true 


B.  false 

3.
The lack of sanitation in food preparation has serious implications; for example, possible diarrhea in flight.


A.  true 


B.  false 

4.
An illness characterized by a slightly high temperature is less serious for individuals in flight than on the ground.


A.  true 


B.  false 

5.
Since alcohol is a central nervous system depressant and accepted socially, it has little adverse effect on flight personnel.


A.  true 


B.  false 

6.
Improper eating habits contribute to fatigue, human error, and possible aircraft accidents.


A.  true 


B.  false 

7.
Use of antihistamines is not considered to be dangerous if taken before flight.


A.  true 


B.  false
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8.
Since all drugs may have some effect on the body and the Army policy is, in general, that no drugs will be used by an individual on flight status, self-medication is a no-no.


A.  true 


B.  false 

9.
A patient who needs antibiotics will often have a condition that is serious enough to prohibit flying.


A.  true 


B.  false 

10.
To the aviator who must be efficient in high performance aircraft and remain in good physical condition, diet and nutrition are most important.


A.  true 


B.  false

REVIEW EXERCISE SOLUTIONS

1.
A.
(paragraph 2b(2)) 

2.
B.
(paragraph 4b) 

3.
A.
(paragraph 2c) 

4.
B.
(paragraph 4a) 

5.
B.
(paragraph 5a(l)) 

6.
A.
(paragraph 3) 

7.
B.
(paragraph 5a(4)) 

8.
A.
(paragraph 5b) 

9.
A.
(paragraph 5a(6)) 

10.
A.
(paragraph 1)

LESSON 9.  AVIATION TOXICOLOGY

TASK:
Apply knowledge of the physiological effects of toxic substances to improve aircraft accident prevention.

OBJECTIVES:
You will be able to respond to the following physiological factors of toxic substances:



a.
Engine exhaust gases.



b.
Poisonous gases to include oxides of nitrogen, aviation fuels, aviation lubricants, cooling fluids, fire extinguishing agents, fluorocarbon plastics, and contaminated oxygen.

CONDITION:
You may use the lesson text and reference to complete the review exercise.

STANDARD: 
You must correctly answer 8 of 10 review exercise questions.

REFERENCE: 
ST 1-105-8 (Aug 76).

LESSON TEXT

1.
INTRODUCTION 


a.
Basically, aviation toxicology is concerned with potential chemical hazards in aviation.  In the majority of aircraft accident investigations, pilot error has been assessed as a major cause.  The question is posed of what factors caused the lack of good judgment or orderly reflexive reaction to an emergency.


b.
Exposure to toxic chemicals in flight is brief, and toxic effects, if discovered, are usually acute.  While ground personnel can normally escape from contaminated areas, crew members and passengers are confined to the aircraft until a landing is made.  Therefore, they should have a sound understanding of the toxic chemicals that may be encountered in aircraft during flight and be able to take appropriate’ emergency measures when necessary.  Preventive information should be furnished to flight personnel by the flight surgeon.


c.
Discussion of the toxic environment will be primarily limited to the aircraft cockpit and passenger area with ground-level hazards discussed only in general terms.  Aircraft are subject to several things that can cause contamination of the atmosphere.  Among these are: exhaust 
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gases; hydraulic fluid, coolant fluid, and anti-icing fluid vapors; aviation gasoline; engine lubricants; and fire extinguishing agents.

2.
ENGINE EXHAUST GASES 


a.
The composition of exhaust gases varies widely, depending largely on the type of engine and fuel-air ratio at which the engine is operated.  Assuming a fuel-air ratio of 0.75 for cruising and 0.95 for takeoff, Table 4 depicts approximate compositions of gases by weight percentages.

Table 4.  Compositions of gases by weight percentages.
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b.
Carbon monoxide, methane, and hydrogen result from incomplete fuel combustion.  As the fuel-air ratio decreases and completeness of combustion increases, the percentage of carbon dioxide in the exhaust gas rises with a corresponding decline in the percentage of carbon monoxide.  Conversely, as the mixture becomes richer, the carbon monoxide of the exhaust gas increases.


c.
Irritating concentrations of sulfur dioxide and aldehydes are more likely to appear in turbine and jet fuel exhaust gases because turbine and jet fuels have a higher sulfur content.  The jet and turbine engine gas producers (N1) require a tremendous amount of intake air for operation.  Therefore, exhaust gases from turbine and jet engines are composed of 95 percent air with the balance containing carbon dioxide and monoxide.
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d.
Type aircraft vary with respect to frequency and severity of their contamination by exhaust gases.  Single-engine type with the engine directly in front of the fuselage (T-41 Mescalero) are subjected to greater contamination than laterally displaced multiengine aircraft.  Also, there is evidence to indicate that liquid-cooled, single-engine aircraft are less likely to be contaminated by exhaust gases than air-cooled, radial-engine aircraft.

3.
POISONOUS GASES 


Although various poisonous gases will be discussed in further paragraphs, carbon monoxide is the first that will be covered because it is perhaps the most common gaseous poison.  More deaths have been attributed to carbon monoxide poisoning than any other toxic gas.  It is a colorless, odorless gas slightly lighter than air.  Since carbon monoxide is odorless, its presence should be suspected whenever exhaust odors are detected.


a.
Causes of Carbon Monoxide in Aircraft.  Aircraft are designed to be free of contamination by carbon monoxide gas.  However, deterioration brought about by the aircraft being in service or modified may increase the chances of carbon monoxide contamination.  Therefore, tests must be performed periodically to ensure that the cockpit and passenger area remain free of carbon monoxide gas.


b.
Primary Source of Carbon Monoxide Gas.  The aircraft’s exhaust system is the primary source of carbon monoxide gas because of cracks that can occur from excessive vibrations of the exhaust stacks.  Because of this, the exhaust system should be rigidly and periodically inspected and tested.  Special attention must be given to aircraft equipped with exhaust heaters that may malfunction because the system has failed or been damaged during combat.  Since carbon monoxide is an odorless gas, exhaust heaters should not be used in combat because of the damage that could occur from enemy fire.


c.
Symptoms of Carbon Monoxide Poisoning.  Structures of the human body that are most sensitive to hypoxia, such as the central nervous system and myocardium (muscle of the heart), are the first to be affected by carbon monoxide poisoning.  The leading symptoms of carbon monoxide intoxication are headache, weakness, tremors, coughing, sweating, yawning, hoarseness, vertigo, nervousness, dyspnea, drowsiness, vomiting, nausea, paresthesias, unsteady gait, muscular cramps, insomnia, anorexia, muscular twitchings, precordial distress, perversion of taste and smell, emotional disturbances, impairment of speech and hearing, neuromuscular and joint pains, and vasomotor instability.


d.
Hypoxia and Carbon Monoxide.



(1)
The hazard of carbon monoxide rises sharply at altitudes above sea level.  A mild degree of hypoxia caused by increasing altitude and small amounts of carbon monoxide--of which each might be harmless 
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alone--may, when combined, cause serious impairment of efficiency as a result of the additive hypoxia effects.



(2)
When flight personnel suspect the presence of carbon monoxide in the aircraft because of exhaust gas odor or symptoms listed in c above, they should turn off exhaust heaters and go to 100 percent oxygen.  If breathing becomes weak or has ceased, definitive treatment of carbon monoxide asphyxia (stopped breathing or insufficient breathing) should include artificial respiration, administration of 100 percent oxygen, and treatment for shock.

4.
OXIDES OF NITROGEN 


a.
Exposure.  Exposure to oxides of nitrogen may occur to personnel working in and around aircraft equipped with jet-assist takeoff units that employ red or white fuming nitric acid as an oxidizing agent for the rocket fuel.  Nitrogen oxides are evolved when the fuming nitric acid reacts with organic material, when it is exposed to air, or when it is diluted with water.


b.
Nitrogen Dioxide.  The most important toxic gas of the nitrogen oxides is nitrogen dioxide.  This gas gives little warning.  A person could, without serious discomfort, breathe an atmosphere containing sufficient concentrations of nitrous fumes to cause death some hours later.  When nitrogen dioxide is inhaled at body temperature, it is immediately altered to a mixture of approximately 30 percent nitrogen dioxide and 70 percent nitrogen tetroxide.  The latter reacts with water to form nitric and nitrous acids.  These acids may account for the irritation of the mucous membranes of the eyes and upper respiratory tract which follows continued exposure to nitrogen oxide fumes.


c.
Symptoms.  In the acute nonfatal cases, headache, dizziness, coughing, palpitation of the heart, and sometimes cyanosis, restlessness, and inability to sleep are common.  In certain concentrations, the person may feel doped.  This narcotic or depressive action sometimes retards the cough reflex, and the patient is not warned of the danger.  Burning in the chest, labored breathing, and spasmodic coughing may indicate the development of lung edema.  Pneumonia is a common sequela.  Chronic exposure leads to headache, sleeplessness, loss of appetite and weight, dyspepsia, constipation, ulcers of the mucous membranes, and erosion of the teeth.


d.
Treatment.  Any person suspected of having been exposed to nitrogen oxide should be put to bed for 24 hours of complete rest.  Heat should be applied to the body.  If the respiratory rate is increased, oxygen should be administered by nasal catheter or inhalation, preferably the latter.  If cyanosis is present, oxygen should be increased in concentrations sufficient to restore the patient’s color to normal.  Cardial stimulants or drugs that increase the blood pressure and drugs, such as morphine or barbiturates, that affect the respiratory center should not be prescribed.
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5.
AVIATION FUELS 


a.
Aviation Gasoline.  Aviation fuel is a mixture of aliphatic and aromatic petroleum hydrocarbons and special additives such as tetraethyl lead and xylidine in varying proportions.  One gallon of gasoline, completely evaporated, will form approximately 30 cubic feet of vapor at sea level.  These vapors are heavier than air and are readily absorbed by the lining of the lungs (pulmonary epithelium).  Adverse reactions have occurred among flight personnel who have been exposed to volatilized gasoline.  It is possible that in the future it will be necessary to add xylene, toluene, or both in amounts up to 10 percent in some aviation gasolines to decrease toxicity.  The need for aromatics will depend on the grade and manufacturing process.



(1)
Concentration.  The concentration of gasoline vapors that can be tolerated by a person is far below that required to produce combustible or explosive mixtures with air.  If the concentration of gasoline vapor in air is high, absorption by the lungs may be extremely rapid, and symptoms may appear after a few minutes of exposure.  If inhaled for more than a short time, one-tenth of the concentration necessary to support combustion or to form an explosive mixture causes unconsciousness.  The maximal safe concentration for exposure to ordinary gasoline vapors is about 500 parts per million (ppm) or 0.05 percent.  Because of its content of aromatic hydrocarbons, aviation gasoline is at least twice as toxic.  Since flight personnel are required to perform precise activities, small amounts of gasoline vapors in the aircraft are dangerous.  When fumes are detected, there is a psychological and toxicological excitability that can cause poor judgment on the part of the various responsible aircrew members.  The added factor of pharmacologic excitability has not been given enough consideration, although it has probably been the cause of accidents attributed to pilot error.



(2)
Symptoms.  Symptoms and pathologic changes induced by gasoline are caused by its irritant and lipolytic actions.  The action of volatile, aliphatic, saturated hydrocarbons is essentially physiochemical.  These compounds are highly soluble in fat and absorbed in the lipoid constituents of the nervous system and blood corpuscles.  Acute poisoning is marked by eyes burning; lacrimation; and severe cerebral symptoms, such as restlessness, excitement, disorientation, disorders of speech, vision, hearing, convulsions, coma, and death.



(3)
Tetraethyl lead.  Tetraethyl lead used as an antiknock substance is highly toxic.  Poisoning may occur by absorption through the intact skin or vapor inhalation.  Unlike inorganic lead poisoning, tetraethyl lead poisoning has a central nervous system effect.  Insomnia, mental irritability, and instability are noted.  Lead encephalopathy with acute mania develops, and in less dramatic cases, sleep may be broken with restlessness and terrifying dreams.  Other symptoms include nausea, vomiting, muscle weakness, tremor, myalgia, and visual difficulty.  The amount of tetraethyl lead in aviation gasoline (about 4.6 cubic centimeters (cc) per gallon) is so small that a lead hazard through 
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normal handling is remote.  Poisonings encountered in the Army have resulted from personnel entering gasoline storage tanks containing concentrated amounts of tetraethyl lead within the accumulated sludge.  Maintenance (welding, buffing, and grinding) on engines that have burned leaded gasolines can result in significant exposure to lead compounds.


b.
JP Fuels.  JP-4 is a mixture of fuel oil, kerosene, gasoline, and 25 percent hydrocarbons.  JP fuels do not contain any tetraethyl lead.  Recommended threshold limit for JP fuel vapors has been set at 500 ppm.  Toxic effects occur below explosive levels; therefore, a toxicological problem exists even in the absence of a fire hazard.  Vapor inhalation can result in slight narcotic effects and conjunctivitis.  JP fuels may contain more toxic aromatics than aviation gasoline and should be handled with the same precautions.


c.
Hydraulic Fluid Vapors.  A small leak from a hydraulic pipe or gauge under pressure may produce a finely divided spray of fluid that diffuses quickly through the cockpit, or large leaks may result in the accumulation of a pool of liquid on the floor.  In either circumstance, the air in the cockpit soon attains a high degree of saturation with volatile constituents of the hydraulic fluid.  The volatile constituents (especially butyl cellosolve, glycol derivatives, and alcohols) are toxic when inhaled.  The alcohols are about 12 times as potent a narcotic as ethyl alcohol.  The toxic effects of butyl cellosolve vapors include headache, vertigo, judgment and vision impairment, and eye and respiratory tract irritation.  Experimental animals have been killed within a few hours by a single exposure to air containing 700 ppm of butyl cellosolve.  The toxic effects from inhaling the vapors of this fluid are accentuated by increasing temperature of altitude which, in turn, increases the concentration of the vapors.


d.
High Energy Fuels.  High energy fuels are a group of boronhydrogen compounds that have a higher heat of combustion than presently used hydrocarbon fuels and, thus, yield more energy per pound of fuel consumed.  The use of these propellants in high performance aircraft contributes to greater range, speed, and other performance characteristics.  The boron hydrides (boranes) most favorably considered as high energy fuels are pentaborane and decaborane.  While their use in aircraft is advantageous to operational capabilities, they are extremely toxic materials.  Diaborane, a decomposition product of both boron hydrides, is likewise highly toxic.



(1)
Pharmacology.  Pentaborane and decaborane are central nervous system irritants, and diborane is a pulmonary irritant.  In addition, decaborane produces the central nervous system effects following absorption through the intact skin.  The following maximum allowable concentrations of the boranes have been recommended for industrial environments:  diaborane--0.1 ppm, pentaborane--0.01 ppm, and decaborane--0.05 ppm.  At these threshold limits, only decaborane is capable of detection by odor.
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(2)
Symptoms.  In decreasing order of frequency, the following symptoms have been experienced by individuals accidentally exposed to the boranes in industrial and laboratory environments: headache, coughing, fatigue, weakness, drowsiness, nausea, nervousness, restlessness, convulsions, chills and fever, tightness in the chest, and dizziness and vertigo.  The central nervous system effects have been experienced by some individuals following exposure to diborane.  Pulmonary symptomatology has developed in others following exposure to pentaborane and decaborane.  No deaths have been reported as a result of borane intoxication.



(3)
Treatment.  Management of the individual accidentally exposed to high energy fuels should begin with his prompt removal from the area of contamination.  If a spill has resulted in body contamination, the clothing should be removed and the skin and clothing decontaminated by washing with copious amounts of water.  Vomiting should be induced if ingestion has occurred.  If exposure was by inhalation, oxygen use is indicated.  No specific form of therapy is available.

6.
COOLANT FLUID VAPORS 


a.
Coolant fluid, for use in liquid-cooled engines, consists of ethylene glycol diluted with varying amounts of water (up to 80 percent according to the specific aircraft type).  Ethylene glycol is toxic when ingested.  Although volatile, it does not exert any important toxic effects through vapor inhalation.  Moderate irritation of the respiratory passages results after continued exposure to ethylene glycol vapors over a period of several months.  No instance of intoxication from coolant fluid vapors in flight have been reported.


b.
Breaks in coolant lines frequently result in smoke in the cockpit, either from overheating or fluid used.  Smoke in the cockpit is always a matter of grave concern among aviators who have often abandoned their aircraft because of coolant line leaks.  The flashpoint of ethylene is 117°F (45°C); yet, the fire hazard from escaping coolant fluid is not great, especially since the ethylene glycol has been diluted.

7.
ENGINE LUBRICANTS 


a.
The oil hose connections in aircraft consist of various types of adjustable clamps in contrast to the pressure-type connections used in the hydraulic system.  Hose clamps occasionally break or come loose.  When oil escapes on hot engine parts, smoke is often formed and goes into the cockpit.  When hot fumes are breathed during flight, the symptoms are similar to those of carbon monoxide poisoning--headache, nausea, vomiting, and irritation of the eyes and upper respiratory passages.  Specific chemical compounds responsible for these symptoms are not clearly defined but probably include methyl and ethyl aldehyde, acrolein, and paraformaldehyde.


b.
Prolonged contact with a synthetic base oil, MIL-L-236999 or MIL-L-7808, may cause a skin rash.  Those areas of skin and clothing that come in contact with lubricating oil should be washed thoroughly
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immediately, and saturated clothing should be removed.  Areas in which lubricating oil is used should be adequately ventilated to keep mist and fumes to a minimum.

8.
FIRE EXTINGUISHING AGENTS 


Another group of toxic agents that could prove hazardous to personnel are fire extinguishing agents.  The in-flight problem is primarily one of acute exposure to fumes released by these agents in the process of extinguishing the fire.  Aircrew personnel may come in contact with these agents following the use of portable extinguishers and be exposed to fumes in the ventilation system from the action of automatic or semiautomatic fire extinguishing systems aboard the aircraft.  To a lesser extent, fume inhalation from fire extinguishants may prove hazardous to ground support personnel.  Although toxicity problems are not as severe or as frequent as with other toxic chemicals in the aviation environment, the flight surgeon must know the nature of chemical reactions in order to provide treatment for exposure and must familiarize flight personnel with the hazards in the use of these chemicals.  Fire extinguishing agents in use today are primarily of three chemical classes: carbon dioxide, the halogenated hydrocarbons, and foam.  The halogenated hydrocarbon group consists of carbon tetrachloride (CC14), chlorobromomethane (CB), dibromodifluoromethane (DB), and bromotrifluoromethane (CF3Br).  Decisions on which chemicals to use are based on a number of factors.  A prime consideration is the efficiency of the agent as an extinguishant.


a.
Carbon Dioxide.



(1)
As a fire extinguishant, carbon dioxide becomes a toxic hazard because of the large quantities of the chemical used.  These chemicals release potent concentrations of vapor in a confined space, such as an aircraft cabin.  A low concentration of carbon dioxide at sea level acts as a respiratory stimulant.  Beyond this, inhalations of 2 to 3 percent bring on a feeling of discomfort, breathing becomes difficult, and the tidal volume is increased.  A person can tolerate up to 5 percent concentrations for 10 minutes.  A concentration of approximately 10 percent appears to be about the maximum exposure for a person, for at this level significant performance deterioration occurs.  Concentrations above 20 percent can induce unconsciousness within several minutes.



(2)
Initial acute exposures (less than 2 percent) of carbon dioxide will result in excitation, euphoria, and, to some degree, improved efficiency.  Rate and depth of breathing, heart rate, and blood pressure are increased.  This is followed by drowsiness, headache, increasing difficulty in respiration, vertigo, dyspepsia, muscular weakness, incoordination, and poor judgment.  At concentrations beginning at 10 percent, there is narcosis, collapse, and possible death.  Symptoms appear slower and with less effect when concentration increases slowly; that is, as the body’s defenses have time to react.  The individual, while aware of the changes occurring, may be unable to assess correctly what is happening.
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The syndrome is similar to hypoxia but with the added stimulation of the respiratory center.



(3)
Since carbon dioxide is heavier than air, it accumulates in lower positions of enclosed spaces.  Normal air becomes diluted, and carbon dioxide acts as a simple asphyxiant.  Aircrews must be indoctrinated in the hazards of carbon dioxide poisoning.  When vapors are detected in the cabin area, it must be ventilated quickly.  The crew should use 100 percent oxygen if available.


b.
Halogenated Hydrocarbons.  The halogenated hydrocarbons can be used to fight major fires.  Another factor is the toxicity of the agent.  Carbon tetrachloride is the most toxic followed by DB, CB, and CO2.  Allied with the agent’s toxicity is the toxicity of the thermal decomposition products released by the chemicals; for example, the pyrolyzed vapors of carbon tetrachloride are extremely toxic.  The quantity of the chemical to be used determines the selection of the extinguishing agent; for instance, toxicity of decomposed CB vapors is 15 minutes as great as that of decomposed vapors.  However, the quantity of the agent needed is small, and the time of application short; thus, the overall toxic hazard is slight.



NOTE: Carbon tetrachloride, though included in this discussion, is no longer authorized for use in Army aircraft because of the extremely toxic nature of its thermal products.



(1)
Carbon tetrachloride.




(a) The least detectable concentration of carbon tetrachloride vapor (reported to be about 72 ppm (0.0072 percent)) can be recognized by its odor.  The maximum allowable safe concentration for daily 8-hour (chronic) exposure is generally set at 25 ppm (0.0025 percent).  Therefore, any detectable carbon tetrachloride in the air is unsafe for prolonged exposure.  Concentrations exceeding 1,000 ppm (0.1 percent) can cause symptoms of acute poisoning in a few minutes.




(b) The initial acute intoxication of carbon tetrachloride is centered on the nervous system where it exercises a narcotic action.  Its secondary action is toxic and involves the kidneys and liver.




(c) Acute intoxication is characterized by headache, dizziness, drowsiness, and lassitude.  In severe poisoning, there is nausea, vomiting, abdominal pain, and diarrhea.  A few hours after exposure, the urine may become scanty and dark colored, and anuria may set in.  The eyes will be puffy, the ankles will be edematous, and the patient may become comatose.  If the liver is involved, signs of jaundice will often be apparent.  From then on, the course is typical of a toxic nephrosis and is usually followed by recovery.  If the optic nerve has been involved, limitation of the visual field may persist longer than the other symptoms.  Chronic exposure may lead to headache, vertigo, loss of 
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appetite and strength, and an acute sense of fatigue.  Daily contact with carbon tetrachloride may cause scaling, fissure-like dermatitis.



(2)
Phosgene.  A thermal byproduct of carbon tetrachloride, phosgene irritates the lungs and corrodes the lower respiratory tract.  Sublethal exposures of this gas may permanently damage the respiratory system.  The odor of carbon tetrachloride during thermal decomposition provides a warning of atmospheric contamination.



(3)
Chlorobromomethane and dibromodifluoromethane.




(a) While CB and DB are very toxic, the necessary quantities to stop a fire are relatively small.  Hence, the concentration of vapors tends to be low and the toxic hazard is lessened.  CB and DB are more toxic per unit volume than carbon dioxide but considerably less than carbon tetrachloride.  CB is slightly less toxic than DB in the undecomposed state.  Both CB and DB produce narcotic effects, primarily affecting the central nervous system.  For both, the chronic toxicity is low, and adverse effects are not customary from repeated exposure below 0.1 percent.




(b) A major effect of the halogenated hydrocarbons is lung irritation and damage.  Effects of high concentrations of CB include sneezing, coughing, respiratory distress, eye irritation, headache, nausea, and dizziness.  Effects of DB include tremors and excitation that precede narcosis.  In general, short term in-flight exposures are not severe enough to produce narcosis but can induce physiological aberrations of the kind described above with their resultant influences on aircrew performance.




(c) In contrast to the intensity of the narcotic action, acute exposure to CB is less liable to cause necrosis of the liver.  The chronic toxicity of CB is lower than that of carbon tetrachloride, and the decomposed vapor is much more toxic than the undecomposed vapor.  When CB is heated to decomposition, it emits highly toxic fumes of chlorides and bromides which are irritating and damaging to the lungs.  Accumulations of these fumes within small spaces, such as aircraft cockpits, can lead to serious consequences.




(d) CB and DB have distinctive odors in high concentrations, and CB is decidedly acrid.  This provides warning of exposure, and 100 percent oxygen should be used to avoid fume inhalation.  In the ground environment, personnel should immediately evacuate the area.



(4)
Bromotrifluoromethane (CF3Br).  Bromotrifluoromethane is nontoxic in amounts of 20 percent by volume inhaled over a two-hour period.  Small amounts of halogens are liberated by heat.


c.
Foam.  Foam is a protein-base material and is nontoxic, even if ingested.
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9.
FLUOROCARBON PLASTICS 


Fluorocarbon plastics are used as insulation on wires in radio, radar, and electronic equipment and as corrosion-resistant coatings.  They are chemically inert at ordinary temperatures but decompose at high temperatures.  Fluorocarbon plastics are a problem in aircraft only in the event of a fire.  At about 662°F (350°C) fluoride is evolved.  It reacts with moisture in the air to form hydrogen fluoride--a most corrosive acid.  Above 700°F (370°C) a small quantity of highly toxic perfluoroisobutylene is given off.  Rapid uncontrolled burning of the fluorocarbon plastics yields more toxic products than does controlled thermal decomposition.  In the event of fire in an aircraft, oxygen masks would be essential for protecting personnel against fumes from fluorocarbon plastics.

10.
OXYGEN CONTAMINATION 


a.
Oxygen contamination is a problem that affects the performance of flight crews.  Objectionable odors in oxygen breathing systems using compressed gaseous oxygen have often been reported by aviators.  A frequently reported odor is that of rotten eggs (due to mercaptan compounds).  While not present in toxic concentrations, this kind of odor quickly produces nausea and perhaps vomiting.  In situations other than accidental or gross contamination, oxygen analysis has indicated the presence of small amounts of a number of contaminants to include methane, ethylene, water vapor, nitrous oxide, acetylene, carbon dioxide, and traces of high hydrocarbons and unidentified contaminants.  Complaints of oxygen tank odors also have been attributed to the solvent trichloroethylene used in cleaning the cylinders.  Evidence to date indicates that contaminants, either singly or in combination, never reach toxic levels of concentration.  Often, the odors are neither offensive nor disagreeable as indicated by such descriptive terms as stale, sweet, cool, fresh, or pleasant and unpleasant.  Yet, distinct symptoms have been reported including headache, sickness, nausea, vomiting, and in some instances, disorientation.  The problem is psychological rather than physical.  In flight, the aviator is more concerned about breathing and is apprehensive about his oxygen source.  Any odor detected becomes exaggerated.  This stress-induced apprehension may lead to hyperventilation.


b.
There are two likely ways in which symptoms are produced.  One possibility is that lengthy exposure to a contaminant during flight could have an accumulative effect.  to make the individual aware of contamination.  People are able to sense extremely small odor concentrations.  Another possibility is that, during the breathing of pure oxygen, an odor develops due to a momentary surge of a contaminant in the system..  Awareness of a contaminant’s presence is based on the detection of a noticeable difference between the immediate odor and a previous odor.  It is this difference that is acted on, and under flight conditions, this low concentration contaminant may be perceived psychologically as toxic.


c.
The frequency with which aviators develop symptoms of illness to nontoxic concentrations of bad oxygen indicate strongly the need for 
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the flight surgeon to indoctrinate flight crews on the nature of oxygen contaminants.  Such a program for providing information on the physiology of olfaction and psychic reactions to oxygen contamination is essential.  The psychological aspect is the most important feature, because the individual’s responses are exaggerated when viewed in terms of the actual concentration of contaminants.  Evidence indicates that the odors in the system are not distinguishable.  Individuals were able only to consistently differentiate contaminated samples of oxygen from pure oxygen but could not indicate which was which with any certainty.

REVIEW EXERCISE

REQUIREMENT: Solve the following by selecting the correct answers:

1.
The composition of exhaust gases varies widely, depending largely on the type of engine and fuel-air ratio at which the engine is operated.


A.  true 


B.  false 

2.
C02 is the most important toxic substance encountered in flight.


A.  true 


B.  false 

3.
The hazard of CO rises sharply at altitudes above sea level.


A.  true 


B.  false 

4.
The hazard from tetraethyl lead is not important in flight.


A.  true 


B.  false 

5.
Deterioration from wear and tear or change as a result of structural modification may allow exhaust gases to enter crew or passenger compartments.


A.  true 


B.  false 

6.
Atmosphere contamination in an aircraft may result from most fluids used in and around the aircraft.


A.  true 


B.  false 

7.
Hot oil fumes smell bad but are not dangerous.


A.  true 


B.  false 

8.
Aviation fuel vapors do not constitute a serious hazard to aviation personnel.


A.  true 


B.  false
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9.
CO is the most important gaseous poison.


A.  true 


B.  false 

10.
Alcohols in hydraulic fluid are toxic when inhaled.  They cause headache, vertigo, impairment of judgment and vision, and considerable eye and respiratory tract irritation.


A.  true 


B.  false

REVIEW EXERCISE SOLUTIONS

1.
A.
(paragraph 2a) 

2.
B.
(paragraph 3) 

3.
A.
(paragraph 3d(1)) 

4.
A.
(paragraph 5a(3)) 

5.
A.
(paragraph 3a) 

6.
A.
(paragraph 1c) 

7.
B.
(paragraph 7a) 

8.
B.
(paragraph 5a) 

9.
A.
(paragraph 3) 

10.
A.
(paragraph 5e)
