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PREFACE

Health instruction at the university level is now generally
recognized as desirable. The students face new health problems
and need more extensive knowledge. Moreover, much is ex-
pected of them. Many will enter some occupation or profession
concerned with health, with education, with social welfare, or
with government. Most of them will have responsibility for the
health of a family. All should acquire the standard of health
knowledge appropriate for educated men and women—one which
will enable them to meet their proper health responsibilities in
the workplace, in the home, and in the community.

This book is planned for the various college-level groups. It
seeks to present the essential, present-day knowledge of personal
and community health within available time and space limitations
and with enough anatomy, physiology,” and other underlying
sciences to clarify and support the health teaching. It is based
upon many years of health instruction, not only to college men
and women, but also to students in schools of public health,
medicine, dentistry, and engineering, to teachers, nurses, dental
hygienists, and to the various age levels in the publie schools.
Such an experience develops a realization of both the importance
and the difficulties of health instruction. The field is broad; the
science is advancing rapidly; and the motivation of health knowl-
edge into student health behavior is difficult. These difficulties
confront the writer of a textbook as well as the instructor in the
course.

The present edition reflects the continued teaching experience
of the writer and of many other teachers who have used the book
and whose friendly and constructive suggestions are deeply ap-
preciated. We should also acknowledge the debt of teachers and
students everywhere to the many scientists from whose researches
and studies our present knowledge of hygiene has been drawn.

References at the end of each chapter give brief lists of recent
or older significant books on the specifie topies. The instructor
may wish to have at hand also such recent extensive bibliog-
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6 Preface

raphies as A List of Source Materials for Teachers of College
Hygiene developed by the Committee on Health Instruction of the
American Student Health Association and available from the Sechool
Health Bureau of the Metropolitan Life Insurance Company,
1 Madison Avenue, New York City; also book lists available from
the American Association for Health, Physical Education and
Recreation, 1201 Sixteenth Street, N.W., Washington, D. C.; and
references from the many voluntary health agencies listed in
Chapter XXVIII. The Health Instruction Yearbook, prepared by
Dr. Oliver E. Byrd and issued by the Stanford University Press,
Stanford, Calif., each January, presents recent data on a wide
variety of topics in a concise form which will be useful for either
teacher or student reference.

The writer wishes to express his thanks to the many professional
friends, associates, and colleagues who have offered specific criticism
and helpful suggestions. These include J. Howard Beard, M.D,,
University Health Officer, University of Illinois, and various staff
members and committees from The American Dental Association,
The American Heart Association, The National Tuberculosis Asso-
ciation, The American Cancer Society, The American Social
Hygiene Association, and The National Society for the Prevention
of Blindness. May Millbrook, M.D., of the University.of Illinois,
and Ruth White Howe assisted materially in the preparation of

this revision.
C.E. T

Cambridge, Mass.
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INTRODUCTION

The thoughtful traveler, who is to explore a new area or study
a partially known country in greater detail, gives serious thought
to the plan of his explorations before he undertakes the task. He
knows what things he is seeking. He studies the best available
map, scans the various regions to be covered, and contemplates
the interesting things to be looked for in each.

The student of hygiene, who is about. to make a more careful
investigation of this field of knowledge, will find the opportunity
more pleasurable if he gives some preliminary thought to the
purpose and objectives of his scholastie expedition, if he sees in
advance the natural divisions of the ground to be covered, and if
he is told why the plan of procedure represented in the textbeok
has been used. It is not necessary that the precise sequence of
any book should be followed, but the author and the instructor
are the guides in this expedition, and a knowledge of their plans
and viewpoints will be helpful.

We usually separate personal health from community health,
although the boundary line cannot be sharp, since- individuals
make up the community. We must recognize also that a general
course in personal and community health must exclude any attempt
to teach skill subjects like first aid or food preparation, which can
be learned only through practice.

As we study personal hygiene we ask ourselves, What are the
fundamental bodily functions? Biologists say that animals have
four: assimilation, sensation, movement, and reproduction. To a
considerable degree personal hygiene is centered about these activi-
ties, for man does eat, think and feel, work and play, and repro-
duce. Health will depend, in considerable degree, on maintaining
a normal metabolism (Chapters IT through IX). This involves the
proper selection, digestion, and utilization of food, inhalation of
sufficient oxygen, the transportation of substances within the body,
the prompt elimination of waste, and the control of cell activity
and of body temperature.

Health involves the care of the nervous system and satisfactory
mental and emotional adjustment (Chapters X, XI, XII). There
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are dangers in the use of narcotics and stimulants (Chapter XIII).
Health also involves the proper mechanical use of the body and a
proper amount of suitable activity (Chapters XIV, XV, XVI). The
hygiene of reproduction involves the control of racial health
through the application of a knowledge of heredity and through
sex hygiene (Chapters XVII, XVIIT). One needs to recognize the
distribution of responsibility for health maintenance between the
individual, the physician, and the organized public health agencies
(Chapter XIX).

In the field of community health we are concerned with the
health of people as a group, and with the social and governmental
activities responsible for environmental control and health promo-
tion, Man has built up a science of disease prevention (Chapter
XX) through which he has learned the nature of communicable
diseases (Chapters XXI, XXII, XXIII, and Appendix A), the
control of food, water, waste, and other sanitary problems (Chap-
ters XXIV, XXV, XXVI), and the control of ventilation, heating,
and lighting (Chapter XXVII). He has developed effective pub-.
lie health procedures in both rural and urban areas for health
maintenance in the home, the school, and the factory (Chapters
XXVIII, XXIX, XXX, XXXI).

This is the nature of the scientific knowledge which enables man
to maintain vigorous health and to guard against disease. Your
own health will depend in no small degree upon your mastery and
application of the important facts and principles of hygiene,
which racial experience and scientific research have brought
together.






Part 1
Personal Health

CHAPTER 1
HYGIENE AND HEALTH

Throughout the animal world, except for man, early death is
the rule and adult life the exception. Many lower animals pro-
duce hundreds or even thousands of young, but only two or three
of them are likely to reach maturity and, in turn, produce off-
spring. In general, the higher the animal in the scale of evolution,
the fewer are the offspring, the better the care of the young, and
the lower the death rate. '

Science indicates that man has lived upon the earth for about
one million years. During most of his experience early death has
been the rule. Among some of the most primitive tribes it is still
true that the majority of offspring die in infancy and childhood;
but as man has come to dominate the animate world, he has grad-
ually reduced the death rate. During the last century progress
has been rapid in many parts of the world. One hundred years
ago the death rate in the large American cities was approximately
30 deaths annually per 1,000 people. Today the annual death
rate in the same cities is well below 10 per 1,000. The prob-
able length of life of a baby born today (about 66 years) is more
than twice as great as that of one born in colonial days (about 29
years). In many cities only one-fourth as many babies now die
during the first year in life as in 1900.

Man’s gradual conquest of disease is also reflected in military
experience. The United States Army disease death rate per 1,000
men in successive wars has been as follows: Mexican War, 110
(seven times the battle deaths); the War between the States
(north), 65 (twice the battle deaths); World War I, 16 (one-
third the battle deaths); World War II, 0.6. World War I was the
first great war in which disease deaths were fewer than battle

w



18 Personal Health

deaths. Deaths among wounded men also dropped from 8.3 per
cent in World War I to 4.5 per cent in World War II. These
changes reflect advances in sanitation and preventive medicine
(military hygiene) and, recently, such developments as DDT and
Atabrine in mosquito control and the clinical use of whole blood
and blood plasma.

Man has conquered famine by the skillful production and stor-
age of food. He has learned to protect himself from the inclem-
encies of the weather. He has subdued or exterminated animals
which were once his mortal enemies. His battle against disease in
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The death rate for New York City. Cholera epidemics occurred in 1832
and in 1849. A smallpox epidemic occurred in 1854 and an influenza epidemic
in 1918. In 1866 the City Health Department was established. (Courtesy
New York City Health Department.)

all its forms is one phase of his continuing struggle to improve the
security and the quality of existence. The knowledge he has col-
lected concerning healthful living is hygieme. It is commonly
divided into two phases: personal hygiene, which concerns the
behavior of the individual; and community hygiene, which deals
with the eontrol of the environment and with the governmenta]
and group activities for health promotion, ’
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Health Values.—You recognize health as an achievement of man.
You realize that only a strong and vigorous nation can survive.
But what does health mean to you? How important is health in
your present habit of life, and how important will it be in carry-
ing out your plans for the future? (Would you sacrifice health
for other aims, or should other things in life be sacrificed for it?

Have you ever enumerated the things you would like to be, to
do, to acquire—in other words, the important things you hope life
holds in store for you—and then made a candid evaluation of the
importance of health in relation to these matters? Do you know
where you stand at present in the matter of your own health, and
to what extent your habits of living affect it? These questions
concerning your attitude toward health and the regulation of
your daily life in reference to health are important. To learn
facts regarding the health of individuals or communities is an
educational, perhaps a cultural, process, but unless your habits of
life and the quality of your citizenship are improved thereby you
will have missed the greater part of the educational opportunity.

Student Attitude.—The history of student attitude regarding
health has not been altogether a proud one. Students have too
commonly left college for lack of health or graduated in wretehed
physical condition. It may be that the breakdown came in part
as the result of inherited weakness. If there were physical
limitations, the student should have learned of them from a
health examination at college entrance and should have followed
a life program within these limitations, either through a less
strenuous course in college with particular attention to health
improvement, or by entering some other field of activity. By
far the more common cause of such a breakdown is a misuse of
the body from following a program so neglectful of physieal wel-
fare that health cannot be maintained. A college or professional
education is hardly worth while if it brings suffering, unhappiness,
and physical incapacitation for the intended lifework. Persons
who break down completely are few, however, in comparison with
the number who are half well and move about in a gray haze of
depression with only a fraction of the enjoyment which life could
afford them.

Our problem is one of relative values. It is apparent from dis-
cussions of personal health with many college and professional



school students that the
man or woman in abun-
dant health usually gives
little thought to its im-
portance. His eyes are
fixed on other goals. It
is only when he takes
time to consider the rela-
tionship of health to his
ambitions that he forms
a normal estimate. On
the other hand, the man
who is struggling against
sickness or disability in-
variably places an ex-
ceedingly high value
upon it. He says,
al ‘‘Health is the most im-
L (H domstrong R portant thing in life.”’
would you define or evaluate health, attractive- Those who have the least
ness, efficiency, and personality? health value it most.
. The variation in evalu-
ation ecomes from the difficulty of man to appreciate what he has
always possessed. Contrast sharpens vision. Things lost take on
new values.

Do you agree that health maintenance is a first consideration,
or have you developed a philosophy of making any health sacri-
fice, of putting any unreasonable demand upon your body for the
attainment of an immediate success? Or what is equally serious,
have you laid out your daily program without regard to your
physical improvement$?

Health is obviously not the ultimate aim of life. There are
more important things. Honor, integrity, justice, manhood, woman-
hood, and freedom have been maintained at cost of human life.
Everyone has a normal ambition to do or to perform an important
and useful service in life. This ambition may be worthy of a
sacrifice of health, but certainly sacrificing health does not in
itself accomplish the ambition. In fact, it usually defeats it.
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What Is Health?—Health is much more than merely not being
‘“‘gick in bed.”” Normal functioning of all parts of the body means
joyousness, cheerfulness, and efficiency, as well as the ability to
do a full day’s work without more than a healthful fatigue. It
means attractiveness, courage, and enthusiasm for life. We have
come to realize how great is the difference between optimal nutri-
tion and nutrition which is merely adequate to prevent obvious
disease. War shows us the difference between the man who is
fit for combat duty and the man who has only sufficient vigor to
carry on a sedentary occupation. We need to build into our defi-
nition for health these ideals which we express by the term com-
plete physical fitness.

This concept of health also extends beyond the proper function-
ing of the organs of the body to include a sound, efficient mind
and wholesome emotions. In its various phases, and to the degree
in which it is present, health makes possible a higher quality of
living. The desire for a feeling of personal worth is, perhaps, the
most important driving force in our lives. Health helps us to.
attain this end through making possible a higher quality of service.

Habits and Health.—Physical fitness demands freedom from de-
fects in the organs of the body, but it is maintained only through
a normal regimen of healthful living. Your health depends not
upon what you know but upon what you do.

Knowledge alone will not improve your health, your physical
efficiency, your attractiveness, or your personality. Good health
is a state of complete physical efficiency. It is developed by habit,
by custom, by doing, and not merely by thinking, or wishing, or
knowing.

There i1s ample evidence of the effect of habits of life upon
health. We see the effect of hygienic living in athletic and mili-
tary training, and in the dietary treatment of malnourished chil-
dren. We see it in the tuberculosis sanatorium where the bene-
fits are secured, not through medication but by proper food and
rest.

Faulty habits of living of the people at large are among the most
important factors working against the national health and ef-
ficiency. The examination of military personnel showed thousands
of defects which might not have developed under proper habits of
living. Every health department is confronted with the spread of
communicable disease because of faulty hygiene. In World War
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II the greatest amount of sickness within the armed forces came
from three groups of diseases (insect-borne diseases, filth or intes-
tinal diseases, and venereal diseases) whose prevention is well
understood. Thousands of these cases occurred because individuals
did not make use of available information. The private praecti-
tioner of medicine, the hospital, or clinic can point out to you
case after case of nervous breakdown, of organic or degenerative
disease of middle life which came as a result of faulty habits.

Modern civilization has developed a strenuous competitive com-
munity life which often places a premium upon mental rather
than upon physical labor. The struggle for social and material
progress crowds out consideration for our physical well-being and
we fail to maintain buoyant health.

Sanitation has nearly eliminated many diseases. Preventive
medicine and curative medicine are making constant advances,
but many communicable and organic diseases will be conquered
only by hygienic living on the part of the individual.

Habits and Personality.—There is another reason for proper
habits of living. In addition to their effect upon the body itself
habits affect the personality, the impression produced by a person
upon other people, and therefore one’s success. The realization
that one’s mode of living is, in some respects, lower than that to
be expected of a cultured and intelligent person makes one ill at
ease, as does the wearing of clothes that are not suitable for the
occasion. Conversely, proper habits produce not only physical
and mental efficiency, but also confidence in meeting people. Stu-
dents of the elements which go to make up personality recognize
this. Dr. W. W. Charters, an expert in methods of training men
and women for administrative positions, has listed the following
twenty qualities, the presence or absence of which determines
one’s strength of personality:

1. Ambition. 11. Cheerfulness.

2. Industriousness. 12. Good judgment.

3. Persistence and patience. 13. Sensitiveness to eriticism.
4, Dependability. 14. Ability to size up people.
5. Forcefulness. 15. Memory.

6. Effectiveness of speech. 16. Neatness.

7. Self-confidence. 17. Health habits.

8. Friendliness. 18. Discrimination.

9. Adaptability. 19. Economy.
10. Tact. 20. Capacity to delegate work.
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Referring to health habits he says: ‘‘This is-not a matter of
your endowment of physical health. Severe illness may not mean
that you are short in this trait. Ask yourself whether your habits
are those that build for or against good health and how they tell
on your working ability and mental attitude day by day.”’

Value of Hygiene.—The need for hygiene arises from the fact
that we do not often find ourselves in an ideal environment. Life
is a process of continually aedapting, fitting, adjusting oneself to
surroundings.

Whatever else may be expected of the college or professional
man and woman, it would seem reasonable to expect that the
advantages of a higher education have equipped them with both
the knowledge and the habits for a healthful program of living.
The student at the university level should have already acquired
some knowledge of physiology and of hygiene. He should know,
for example, the general structure of the body and its systems of
organs. He should know something of the cells as the protoplasmie
units of which the body is composed. He has heard much of
health rules, but he is imperfectly aware of the scientific facts
upon which they are based and their applicability to his own par-
ticular needs. This book seeks to extend the knowledge of prac-
tical hygiene and the necessary underlying sciences and to apply
this knowledge to life now and later.

Health Evaluation.—We appraise the health of others by their
appearance and each of us is appraised by others in the same way.
Attractiveness is not purely a matter of health but the two are
closely related. A more exact appraisal of health is secured by a
check upon structure and function through a medical examination
and our own observation. Our future health is largely determined
by whether we are living healthfully.

There follow about 100 items grouped in three major areas under
thirty-one headings. You may wish to use them in estimating the
quality of your own health or you may like to prepare a rating
scale of your own from these criteria.

A GUIDE FOR HEALTH APPRAISAL

A, Appearance as It Relates to Health and Attractiveness

1, Skin: Clear and smooth, including skin under the eyes; tissue firm?
2. Hair: Clean, glossy, and well kept
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3, Eyes: Shining and alert rather than dull and heavy; white of eye clear;
no puckery lines or frowns?{ '
4. Mouth: Happy expression; no mouth breathing?
. Teeth: Clean, regular, good occlusion; no unfilled cavities?

5
6. Hands: Skin smooth, immaculately clean; nails and cuticle well cared
for?

7. Feet: Toes point straight ahead; ankles straight, mot rolled inward;
feet arched, not flat?

8. Proper shoes: No extremes; everyday shoes conform to the shape of the
foot with straight inner edge, sole broad emough to permit movement
of foot muscles, heels of moderate width and height? (This does not
apply to evening shoes.)

9. Posture when standing: Head poised and well back, chin in, shoulders

level, arms relaxed, chest the part of the body farthest forward,
back straight, abdomen flat, weight mostly on the balls of the feet?

10. Easy and graceful seating position: Head, neck and body in same
relative position as in standing, whether one is sitting erect or bend-
ing forward from the hips as in writing; lower spine against back
of chair, hands in repose, knees almost touching, feet parallel or one
crossed over the other?

11. Good carriage in walking: Entire body carried easily and gracefully in
good rhythm; toes pointing straight ahead; step elastic and firm,
not heavy?

12. Clothing: Suitable to season and occasion, adapted in line and color to
the individual?

13. Weight: Within reasonable range for age, height, and type? (Neither
obese nor extremely thin—not more than 20 per cent above or 15 per
cent below average for sex, age and height.)

B. Health Status (in Terms of Normal Structure and Function)

. Freedom from defects of heart, lungs, posture, teeth, eyes, ears (hear-
ing), tonsils, feet and from skin disorders, malnutrition, visceroptosis,
faulty metabolism (shown by urinalysis or other tests)

2. Normal bodily function sas reflected in freedom from persisting or
regularly recurring physical pain or discomfort, being only whole-
gomely tired at night and rested and refreshed in the morning,
ga;rlin,g regularity of bowel movement which occurs usually once
aLly

3. Mental and emotional health as reflected in zest for work and play, by

freedom from persistent worry, and by the ability to concentrate,

to make decisions, to make friends and keep them, to get along
gleasantly with persons you dislike, to accept disappointment without
ecoming bitter, to enjoy yourself with people and when alone?

C. Living Healthfully for the Protection and Promotion of Health

1. Have you been immunized against smallpox, diphtheria, and other diseases
for which immunization is desirable and available in your areat

2. Do you eat regularly and have a balanced diet, with at least six glasses
of fluid daily?

3. Do you get at least eight hours of sleep and rest daily?

4. Do you have at least three hours of vigorous exercise scattered through
‘tlhe v;c;ek (preferably at least ome-half to ome hour daily out of
oors

-
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5. Do you brush your teeth properly at least twice daily?.
6. Do you have a daily tonic bath?

7. Do you receive regular medical and dental examinations with attention
as needed, including the correction of all correctable defects?
8. Do you haéve) :ome enjoyable recreation daily (social life, hobbies, read-
ing, ete.
9. Do you secure suitable ventilation and lighting for work, play, and sleep
in so far as they are under your control$
10. Do you avoid alcohol, tobacco, and drugs?
11. Do you take medicine only upon a physician’s advice?
12. Do you plan your work and usually complete it on time?

13. Do you have a belief in something greater than yourself which gives
purpose and meaning to lifef



CHAPTER 11
NUTRITION

Adequate nutrition is a vital health factor, important to
nations as well as to individuals. Without it, health, vitality,
working efficiency, contentment, and the enjoyment of life
are reduced. Thus the diet of nations has economie, politieal, and
international significance.

One cannot secure a proper diet by selecting the foods he likes
best. If we were restricted to natural foods and ate only milk,
fruits, vegetables, seeds, greens, and shellfish, together with the
meat and glands of other animals, we would have a better chance
of giving the body all the chemical compounds it needs. But one
cannot meet his nutritional requirements with such human inven-
tions as candy, soda pop, pickles, and pastry. To select a diet
scientifically or to know where the unscientific method breaks
down, we must understand the nutritional needs of the body.

A physiologist thinks of food as supplying material which the
body needs (a) for energy, (b) for growth and repair, and (¢) for
regulatory control. The chemical elements of which the body is
made include oxygen 65 per cent, carbon 18 per cent, hydrogen
10 per cent, nitrogen 3 per cent, calcium 2 per cent, phosphorus
1 per cent (total 99 per cent), and smaller amounts of sodium,
chlorine, magnesium, potassium, sulfur, iron, and copper, with
still smaller amounts of manganese, iodine, fluorine, cobalt, and
zine. The body secures all these elements from food, in suitable
chemical form for digestion and use in maintaining its funetions
and chemical structures.

Classes of Food.—You have long known many of the essential
facts concerning the important types of food substances—namely,
proteins, carbohydrates, fats, vitamins, and inorganic salts or
minerals. A new approach to the food needs of the body may
begin with the consideration of those products of digestion which
pass through the walls of the digestive tract. These include, in
addition to water, (1) produects of protein digestion (amino acids),
(2) simple sugars, (3) products of fat digestion (fatty acids and

26
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The large number of children who suffer from inadequute diet constitute
one of the world’s most important public health problems. (Courtesy Farm
Security Administration, U. S. Department of Agriculture.)

glycerol), (4) minerals, and (5) vitamins. What is the use of
each of these food materials in the body? Why and how must we
provide a diet which will insure the proper amount of each?

For many years it was believed that water, proteins, fats, car-
bohydrates, and minerals would meet all the needs of the body.
During the first decade of this century, Frederick Gowland llop-
kins, of Cambridge University, England, carried out some animal
feeding experiments which showed that there are other substances
essential to life and health, although they are needed in very
small amounts. His laboratory animals ceased to grow and thrive
upon mixtures of purified proteins, fats, carbohydrates, and min-
erals; but they did thrive when a very small amount of milk or
the aleohol extract of certain vegetables was added to the diet.
From these studies a host of investigations have led to the dis-
covery of the so-called vitamin substances and have demonstrated
their essential functions in the body. The absence of any one of
these substances may produce a definite ‘‘deficiency disease,”’
perhaps death, while its presence in the diet in insufficient
quantity may produce a lowered state of health. We must study,
therefore, not only the longer-known constituents of food, but also
these more recently discovered essential substances. We must
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also recognize the difference between buoyant.health with optimal
nutrition and merely passable health with only adequate nutrition.

Water.—Water makes yp two-thirds the body weight, and in
active tissues, such as muscle, it is three-fourths the total weight.
The body, moreover, has a liquid carrier system. The blood and
lymph, which are mainly water, carry food to the tissues and re-
move from them the waste products of combustion. Waste nitro-
gen is eliminated from the body chiefly with the water that passes
through the kidneys. In making thirst more insistent than hunger,
nature makes a constant and insistent demand for water in the diet.

The amount of water excreted by an active man, from the lungs
in the form of moisture, from the skin in the form of sweat, and
through the kidneys in the form of urine, is more than two quarts
a day. An adequate amount of water in the body tissues and the
body fluids is essential for optimal function. Yet a deficiency of
water in the diet, especially among persons engaged in a seden-
tary occupation, is a common and serious fault.

Water may be obtained in the body in a variety of ways. The
greatest quantity, of course, is obtained through drinking water
and other beverages, such as milk, tea, and coffee, but much also
is obtained from the solid food. This is notably true in the case
of fruits and vegetables, many of which contain over 90 per cent
water. Watermelon is 98 per cent water. Soup and broth are
also sources of water supply in the diet. About a half pint of
water is produced daily in the oxidation of other foods. The
amount of water necessary for proper waste elimination and for
feeding the tissues in 4 person of average weight is four or five
pints a day. Of this, at least six glasses should ordinarily be
taken in the form of water.

Carbohydrates.—The simple sugars which the body secures from
the digestive tract are the products of carbohydrate digestion.
They are excellent fuel or energy-producing foods because, when
they are oxidized or burned in the body, they are completely
broken down into earbon dioxide and water, both of which are
easily eliminated waste products. These simple sugars and all
other carbohydrates are composed of earbon, hydrogen, and oxy-
gen, there always being two times as many hydrogen atoms as
oxygen atoms, just as there are in water.

The carbohydrates are divided into three groups or subdivisions:
monosaccharides, disaccharides, and polysaccharides.
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The monosaccharides, or ‘‘simple sugars,’”’ are of the C,H,,0,
type. The three most important from the standpoint of nutrition
are glucose, fructose, and galactose. Glucose (dextrose, grape
sugar, corn sugar) is found in grapes and certain vegetables. It is
made commercially from cornstarch. It occurs in small amounts
in the blood of animals. Fructose (levulose, fruit sugar) is found
in fruit juices and in honey. Galactose (along with glucose) is
formed when milk sugar is digested. All these monosaccharides
are produced in the body when the higher sugars and starches are
digested. They are absorbed in the intestine.

The disaccharides, or ‘‘double sugars,”’ may each be broken into
monosaccharides. Sucrose (cane sugar, beet sugar, saccharose)
yields one molecule of glucose and one of fructose. Lactose (milk
sugar) yields glucose and galactose. Maltose (malt sugar, from
malt or germinating cereals) yields two molecules of glucose.

Polysaccharides are complex carbohydrates, each molecule of
which can be broken into several molecules of monosaccharides.
They include starches, dextrins, glycogen, and cellulose. Starch
is the most common stored carbohydrate in plants. When digested,
it is changed into dextrins, then into maltose, then into glucose.
Glycogen, or ‘‘animal starch,’’ is found mostly in the liver and
museles. Cellulose is found in the cell walls of plants and is not
readily digested.

The digestion of cane sugar is simpler and more rapid than the
digestion of starch. It furnishes a quick source of energy, but in
high concentration it may be irritating to the walls of the stom-
ach. Moreover, sugar takes away the appetite if it is taken just
before a meal because it makes other foods taste insipid and sat-
isfies stomach hunger for the moment. Eating sweets between
meals may have devastating effects upon the general nutrition of
the body if it results in failure to consume sufficient mineral-
bearing and vitamin-containing foods, such as fruits, vegetables,
whole-grain cereals, eggs, and milk. In 1830 the average per
capita consumption of sugar in the United States was 10 pounds.
Now it is over 110 pounds—to our disadvantage nutritionally.

Glucose is the form of carbohydrate that is transported and
used in the body, and animal starch or glycogen is the storage
form. The blood usually contains from 0.08 to 0.12 per cent
sugar, and a reserve supply of glycogen is kept in the liver. The
body is free to draw upon this reserve when more energy is



80 Personal Health

needed; therefore the amount of sugar in the blood may be in-
creased when fear, anger, or other emotions press the body for
vigorous action. Approximately 1 per cent of the weight of mus-
cle is stored glycogen, available for instant use.

Fats and Lipoids.—The third type of food passes the walls of
the alimentary canal in the form of fatty acids and glycerol, some
of which are resynthesized to fat in the intestinal wall. The
fats, like the carbohydrates, contain the elements of carbon, hy-
drogen, and oxygen, but the proportion of oxygen is less. Con-
sequently, they may be regarded as fuel foods in a more concen-
trated form, since the same weight requires more oxygen for com-
bustion and, therefore, is of great heat value. Fats produce
about 214 times as much heat as equal weights of carbohydrates
and proteins.

The true fats (triglycerides) yield upon digestion one molecule
of glycerol and three molecules of one or more kinds of fatty
acids. The diet contains many food fats from animal sources
(such as butter, lard, suet, and some margarines) and from vege-
table sources (for example, corn oil, peanut oil, soybean oil, ceco-
nut oil, cottonseed oil, and olive oil). The fats are not soluble in
water but are soluble in chloroform and other so-called fat sol-
vents. Commonly associated with fats and soluble in fat solvents
jr in the fat itself are certain other fatlike substances called
lipoids, such as the lecithins and the sterols.

Fat is a good reserve food, since large quantities may be stored
in the adipose tissues. To a large extent it is interchangeable in
the diet with sugars and starches if the total amount of carbo-
hydrates is not allowed to become too greatly reduced. The pro-
duction of large quantities of butter fat by the cow, which sub-
sists upon a protein and carbohydrate diet, is an excellent demon-
stration of the ability of the animal body to synthesize fats from
these other types of food.

It has been found that certain unsaturated fatty acids, such as
linoleic, linolenic, and arachidonie, are essential to the maintenance
of health. Apparently man cannot synthesize these from other
nutrients. It is entirely probable that the ordinary diet will
furnish enough of these acids, since only a small quantity is needed
and they are widely distributed among common foods.

Proteing,—The chief organic constituents of muscles and other
tissues are substances called proteins, which contain nitrogen,
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sulfur, carbon, hydrogen, and oxygen. The process of digestion
changes proteins into chemically simpler fragments called amino
acids. There are at least 21 different amino acids.* Each of the
innumerable proteins contains a particular combination of many
amino acids in its large and complex molecule.

Amino acids are sometimes called the building stones of tissue
substances because they recombine inside the body (after pass-
ing through the intestinal wall) to form the typical proteins of
body tissue. They are also used in the formation of the protein
hemoglobin, various enzymes, and many proteins in solution
throughout the body. Proteins contain carbon as well as nitrogen
and are, to a certain extent, fuel foods, since part of the molecule
can be oxidized to supply heat and energy.

At least eight amino acids are essential in human feeding. They
are not synthesizable in the body. If one of these amino acids is
lacking, normal function cannot continue; but if all eight are
present in suitable quantity, the body can form from them the
remaining amino acids it needs.

Proteins are sometimes designated as complete if they possess
adequate amounts of all essential amino acids; they are called
incomplete if they lack one or more of the essential amino acids.

The most complete proteins are found in lean meat, eggs, and
milk. The diet usually contains many proteins so that they supple-
ment each other. }

It has been found that whenever man is free to choose his diet,
he usually eats enough protein. In some parts of India a charac-
teristic protein deficiency has been found, and the effects among
the members of the lower classes, where meat and fish are rare
foods, include a lessened physical vitality and a dwarfed stature.
The addition of protein to the diet of such people has been accom-
panied by striking improvement in physical efficiency. Studies
indicate that protein deficiency may lower resistance to infection
and delay wound healing.

Where protein is taken in excess, part of the carbon and hydro-
gen is used as fuel. Protein ‘‘burns’’ more rapidly in the body

*Glycine (glycocoll), alanine, valine, leucine, {soleuoine, norleucine, rhenyl-

alamine, tyrosine, serine, tmonine, cysfine, metﬁlonm, aspartic acid, glutamic

(glutaminic a,cid. hydroxyflutamle acid, arginine, Wy , histidine, proline,

axglroxypirol ne, d:.“d tryptop . Those in italics are the “nutritionaily essen-
" amino ac
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than other foods.
The excess of nitro-
gen is excreted as a
waste product
through the kidneys
in the form of urea.

The amount of
protein needed by
the individual can be
easily determined.
The nutritionist
makes a chemical
analysis of food and
excreta to determine
the amount of nitro-
gon entering and - Tho uprer BORED SO0 S Rt
leaving the body. lower photograph shows the same animal after
(Protein is approxi- valine had becn administered for twenty-five days.

(From Rose and Epstein: J. Biol. Chem. 127:
mately 16 per cent 683, 1939.)
nitrogen.) Such ni-
trogen balance experiments show how much nitrogen the body
needs in order to keep in equilibrium (intake and output the
same). It has been found that, on the average, a man of 70 kilo-
grams (154 pounds) uses about 44.4 grams of protein per day. A
liberal allowance is usually made in planning diets, and it is com-
mon to recommend for adults one gram of food protein daily for
each kilogram of body weight, with much more generous allow-
ances for growing children, expectant mothers, mothers who are
breast feeding their babies, and other individuals with special
needs. Since animal proteins are more complete than vegetable
proteins, one should try to consume at least one-third of the
protein in this form.

Mineral Elements.—We speak of the mineral elements as in-
organic constituents of foodstuffs, but we should remember that
they are obtainable from organic as well as inorganie substances.
Moreover, many mineral elements funection in the body as com-
ponents of important organic compounds. The accompanying
table states some of the important facts concerning those minerals
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which are of greatest concern to the nutritionist because they
tend to be lacking in the dietary.

It is generally believed by nutritionists that if the body require-
ments of caleium, phosphorus, iron, and iodine are provided, the

other materj

quired will also be obtained in sufficient quan-

MINERALS
RECOM- NATURE OF
DISEASE OR
MINERAL ngﬁggp cc:‘bg_‘rggcglnvm SUBNORMALITY SELECTED
ELBEMENT | 2 MouNTs HEALTH PREVENTED FOOD BOURCES
(ADULT) PROMOTION OR CORRECTED
Calcium [0.8 Gm.* |Promotes normal|Faulty development|Ezcellent: milk and
growth and forma-| of bone and tooth| cheddar cheese
tion of bones and| structure leading|Good: cabbage, col-
teeth. Necessary| to stunted growth,| lards, kale, lettuce,
for normal func-{ deformities, rick-| turnip greens,
tion of muscle and| ets, decayed teeth.| dandelion greens,
nerve tissue, coag-| Tetany. Slow| endive, broccoli,
ulation of blood,| clotting of blood mustard greens
lactation and uti-
lization of phos-
phorus
Phospho- Essentia]l for nor-|Faulty development|Excellent: milk and
rus 1.2 Gm. | mal growth and| of bone and tooth| cheese, liver, lean
development, for| structure leading| meat, almonds,
utilization of cal-| to stunted growth,| dried beans, wheat
cium, and for cell| deformities, rick-|Good: whole
activity ets, decayed teeth| grains, bran, fish,
eggs, oysters
Iodine 0.15 to |Essential to forma-|Faulty production|Egzcellent: iodized
0.80 mg. | tion of thyroid| of thyroxin lead-| salt, sea foods,
hormone, and| ing to (1) cretin-| cod-liver oil
therefore to reg-| ism, (2) pgolter,|Good: grains,
ulation of metab-| or (3) myxedema| fruits, vegetables,
olism and growth end dairy prod-
ucts (where fo-
dine is in soil)
Iron 0.012 Gm.|Necessary for for-|Decreased hem o-| Bxcellent: lean
(12 mg.)| mation “of hemo-| globin. Iron defl-| meat, liver, kid-
globin and for| clency anemia ney, molasses,
tissue respiration Good: whole wheat
products, eggs,
potatoes
Copper [0.008 Gm.|Essential to utiliza-| Faulty formation|Excellent: liver,
(3 mg.) | tion of iron to|] of hemoglobin| nuts, dried legu-
form hemoglobin | leading to anemia| mes
Good: cereals,
dried fruits, poul-
try, fish, animal
tissues

*In pregnancy the requirement is 1.6 Gm. and during lactation it is 2 Gm.

tity, because minerals do not appear isolated in various foods but
are always in combinations.

Other minerals have important funections. Chlorine and sodium,
which we secure in whatever amount we desire as table salt (sodium
chloride), occur in the blood and other body fluids as electrically
charged particles (ions); they have an important function in con-
trolling the passage of water into and out of tissues, including
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functioning glands. The healthy body adjusts the output of
chloride to its intake except under conditions of profuse sweating.
Then increased intake of salt in food or drink is desirable.
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Potassium and magnesium also influence the function of body
fluids, but they are even more important inside the body cells. The
normal beating of the heart, with its contractions and relaxations,
depends upon a balance between the salts of caleium and those of
sodium and potassium.

Sulfur is a constituent of many essential compounds, including
the two amino acids, eystine and methionine, and the vitamin thi-
amine. Cobalt, manganese, and zinc are believed to be essential,
but their functions are not well understood.

‘We shall give further consideration to iron and copper in study-
ing the physiology of the blood, to iodine in studying the duct-
less glands, and to fluorine in the chapter on oral hygiene. Very
little has been established regarding the role of such elements
as zine, manganes’, cobalt, and boron in the human body.

In considering the mineral needs of the normal adult, it should
be remembered.at there are differences in individuals. Grow-
ing children and expectant or nursing ‘hers require larger
amounts of minerals, and persons with various disease conditions
require special dietary adjustment. The body’s abil‘y to store
different minerals varies with the adequacy of other elements in
the diet and with the chemical form in which the mineral is in-
gested. The mineral value of food is not measured by the ash con-
tent but by the amount of the mineral that is available. For
example, beet greens, chard, and spinach have a high calcium
content, but they also contain oxalic acid which interferes with
the utilization of calecium by the body.

Vitamins.—Vitamins oceur in the body in minute quantities.
Their deficiency causes grave conditions and their protective
qualities are so far-reaching as to justify their careful study.
The amounts needed in the diet are so small that they are meas-
ured in milligrams (%g,000 Ounce) or in agreed-upon standard
‘‘International Units.”’

A gevere deficiency of any of the vitamins causes acute disease
or death. Limited amounts maintain a passable health, while in
many cases optimal amounts have been found to develop vigorous
health with an accompanying high morale and work output. We
should be as much concerned with the common, mild, or subelini-
cal conditions as we are with the less frequent deficiency diseases.
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The following discussion in the text supplements the accom-
panying table, the study of which on the part of the student is
assumed.

Vitamins are widely distributed in natural foods but are either
absent or present in insignificant quantities, in such produects as
pure sugar, white flour, and many processed or modified foods.
It is possible to secure sufficient vitamins in the diet; yet studies
have shown that the majority of people eat improper food combina-
tions and examinations have commonly proved the presence of vita-
min deficiency lesions.

A helpful recent development has been the production of ‘‘en-
riched’’ white flour and ‘‘restored’ cereals by the addition of
specified amounts of thiamine, riboflavin, niacin and iron. Whole
grain products are still superior in several®respects, however.

Vitamin deficiency may come either from failure to eat the right
foods regularly or from the loss of vitamins in?e preparation of
food. For examplgvitamins are rapidly reduced when plant
foods wilt, dropping to as little as one-fourth of their original
amount. Yegetables should therefore be fresh when purchased and
should be used promptly or stored in a moist, ecool place. Cut
vegetables lose their vitamin content through enzyme action.
Coleslaw, for example, should be cut just before serving for in
twenty minutes nearly all of its ascorbic acid will have been de-
stroyed. Leftover vegetables lose much of their vitamins. Foods
lose much of their vitamin content by being kept on the warming
plate or by other delay in serving. Cooking with the smallest
amount of water is important, since a large part of the vitamin
and mineral content soaks out in the cooking water. For this
reason, cooking in a pressure cooker ig preferable. Since some
loss of vitaming is unavoidable during cooking, raw salads should
be eaten often. Whenever possible, vegetables should be cooked in
their skins. Overcooking should be avoided.

Infectious fevers, as well as pregnanecy, lactation, and rapid
growth, greatly increase the body’s demand for vitamins. Most
vitamins are now available as pure substances or as concentrates
which may be used to meet special conditions or needs.

Vitamin A is a colorless, fat-soluble substance (or pair of sub-
stances, A, and A,) found in animals but not in plants. The
orange-yellow coloring matter of plant tissues has been found to
contain precursors of vitamin A, the carotenes, which give rise to



vitamin A in the body. Al-
though it is related to the
health of the mucous mem-
branes, vitamin A is not a spe-
cific in warding off infections.

Xerophthalmia (dry ophthal-
mia) is a vitamin A deficiency
disease that is common in the
Orient. It was widespread in
Denmark in 1914-1918 due to
the excessive exportation of but-
ter, which was the most impor-
tant source of the vitamin. It
is endemic in mild form in some
places in the United States. It
is characterized by failure of
the tear glands to funection, fol-
lowed in the severe cases by
dryness, bacterial growth, and
ulceration of the cornea. Ix-
treme deficiency produces skin
changes.

Nightblindness is an affliction
characterized by an inability to
see in dim light, especially after
the eye has just been exposed to
bright light. The condition dis-
appears shortly after vitamin A
is supplied. This vitamin is nec-
essary, for it is part of the ‘‘vis-
ual purple,’”’ a compound which
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Cutaneous lesions in severe vitamin
A deficiency in a Chinese patient be-
fore halibut-liver oil therapy had been

given. (Courtesy Dr. C. N. Frazier
from Sutton and Sutton: An Intro-
duction to Dermatology, The C. V.
Mosby Co.)

plays a vital part in the process of seeing.
Ordinary cooking does not materially diminish the poteney of
vitamin A. The body is capable of storing a supply for several

months.

Thiamine (vitamin B,) has a wide distribution in natural foods,
but it is often deficient in the diet because people eat so much arti-
ficially refined food from which this vitamin has been removed.
Considerable thiamine is lost in the cooking process. It is destroyed



38 Personal Health

asou Jo sajSue
moqe ujlys Asvold onssp
S3[qB)9S9A (‘A[eos  ‘omSuo} aJos [peipoyide J O  YI[wRY
Ayes] usa1d ‘s3onpodd |puw pax ¢ (SISONIAUD) |Iof [BRUASSH ‘SO}BIP
u1el3 JoUM Yeel so(Sue J[IY) JO |-A4oqied o uonmzy (uja®poRRY)
£3YM IO JIA]] |UBS] ‘HIOA 339 [po0P|gunnssg ym edif Jo |-nn Jedoid Ioj sujwe ®
WO4J  $9JBIIUIIUCD . .. A9U lssoussos fBAWIOD JO |-y UM AIBSSR0ON J0 g ujweA)
9)BNUSOUOD  I§BOX [-PPI I9AI[  '9893UD |gq11p[noseA POSEDJD |-wopAnu [BULIOU PUB (PQ'N®=H*))
upaBpoqll ONAMIUAS|N 1 1 W Jju9N90zy |-ug I SISOUIABPOQUY | ymoad 03 penuessg| 3W 0 ‘3w 91 ujargoqry
. uojyBdnsuod ‘uonsas|
&Mmﬁﬂ%m._uwwﬁﬁﬂwwww -up ‘“@3sneu .o:uoan.w S3AIU JO
s3upysyiod ._Edo_ ue mdur Uooug (JO SSOT "BWIIPd DUE |yj[eoy pus ‘uonsadip
S0 10 wiad jrOUYM .vanw_m “IOAI[ D00 ‘sisArered  ‘SSOUYBOAM |pooS ‘Yjmold [BULIOU (g UIWBIA)
wouy  sapenueouoy |'gSibll. Sl um.n.% 4180y JO UONBIB[D |‘eypedde uWIBIUIRW O} (3PLIOTYD
§9)BIJUIDUOD 811 |sead palp ‘synuesd ‘Aydod)e JENISNW |L1esS8900)N 'S9)BIPAY sufwrelyL)
PU® IEEOX ODHOIUD |upay gpsnw  ‘upeld ‘§3AIou [eIoydad Jo {-oq4ed JO uonBZIHN GIOSO'N®HTD)
QUIWEIY}  J[IRYIUAS 510U A juosozg UORBIAUAZI( : MIqMIg|9ja[dwod 10 [BPUISSH| “Sur §'T ‘3w 31 UjWReIyL,
08I A103
-eridsal ay) Jo LB
-Q13aed ‘suopodyur
0} 30UB)IS[SAI PAIOMOT]
‘(epureyiydolox) uoly
sueaq Ud9I3 |-BIOOIN [¥OUL0d pUE
‘S0 BUIOY} ‘ageqqed (uoljBUILUBgUl [BAL]
sngBivdse . poopl-ounfuod I3oeny Areu
§20} |-1n ‘j0wn) Alojedidsad
-gjod 3Jo9MS MOJPA [‘Seujisdul ‘YoBUW O3S (upweya 34
£J00180 20 SJUB[d |‘sjoLred  ‘so[qEIvdeA |[pu® SepjABd AP OQ |uiNs Jo yiredy 03 s9n ~0JUI-NUY,, )
uedl3 woJa] ouel |AFee[ ueals YIep ‘493 (jo s3uruly 112U} |-quyuop ‘wnjpyds (upwrejra oy
-018) ‘SO}BIIUSOUOD |-3Nq ‘SH[OA 539 ‘Ypw |-1do o} Anful ‘UMS |jo yreey pus ‘erdind -reyyydo-puy)
19U} PUB S[j0 JOAJ[ [9]O0Y M ‘I9AI] ‘S[I0 |JO SSOUNEBOS DUE SS3U |[BnSlA JO UONIBWIO} (HO®H™D)
-ySP SujIeW UBIId)) |J0AJl YSD  :juaye0xf|-A1Q  :sseupullqiuSIN|‘yjamoas Joy LressacaN| *Q'1000°9 | NI 000°9 V_WureyjA
aALITYHOD HO NOLLOWOY¥d TIVIR ITVINAS
BLVELNIONOD §I0IN08 QOO QEINEATE HITVEH 30 NOLOV SavaL 07-91 vinnE0d
¥0 WHOE TYNIJIGAR AELOTAS XIITVINHONEOS EALLOAUIINGD SHLOOL  +INOOKY TYOINIHO
30 FSVEsIa 40 BMALVK o ANV ZRVN

X7TIVAd QIANIANODTH

SNINVIIA



39

Nutrition

, 0 ‘A ‘WOISUIYSBM ‘SU0SLIJ 30407 MojD
~10pOJ 40/ $50UDMOYY AiDIYT PIPUSWWO0ISY ‘SHET "AdY ‘GZT "ON ‘SOMISS IB[MOID PUE JUMAIY ‘[OUN0) YdIBasdy [BUONIENs

B8}
-[8 JO §9)BIIUIDUOD
"M upwEA d13YIuks

10J971018D
Y311 I8[01A-BIN
1013)801A IO
[019)50818 DIjeIPRLL
*S[JO JOAT[-YST dULIE

SJINIJ S0 Woay
POYOBLX3 IO O1IAY)
-uds ‘ploB OJqIOdSY

IsB9L 10 ‘sSur
-Usjiod B0 ‘I9Al[
woly SPBNXH ‘PE
2MUNodIu  ONdYIUALS

IBA][ 'S901BWOY ‘Y04
5390 'saAwa] U3 [[B
u] punoyg  ‘uMouyun
§p0O0J U} JUIIUOD JOBXI
ng PANQIISIP APPIM

jlo& 8Se
“IOAT[ "A[IUI ( UjUIB}IA
‘WYAID J9)NQ ‘SAuIp

-Ies ‘[PJOXOBW ‘Sull
-I9Y ‘UOWI[BS  :DOOPH

s[to
gwnu : yuspeomy

adnorejuso ‘aSeq
-qed ‘JoMopIned ‘diu
-In} ‘sa0yejod  :poop
§30)BWO} ‘SYINI]
SNIIIO  SueNR0TH

ssad puB S[RUI|
MSEH.S .w.w_aﬁmvwo»
Jed[  uda.
wa_.w—.& sroym .w_zuwlw
9 B @ W uwe] ‘Asu

-DIY ‘5380 ‘JOAll :1s9Q

poorq
JO JuljWOd uUIquIoIy}
-01d p98BAJI03 P 0)
anp Surpedlq pasuof

-0lg ‘UI0qM3U dYl JO
9SBOSIP  OISBYLIOWSH
wnjorea

wWnIds MO[ 0} anp
SUOISTNAWOD IO AUuela],
gouoq Jo Sur
-ud)jos ‘ued : (s)npe
uf) BJOB[BWOISQ

AN
-[1qB)[AI} ‘SSBUSSI[ISa
‘Aleq  10d  ‘senjuIoy
-9p suog :S19YIY
UONIBULIO] duoq
q09F1oduut ‘ewdps
WSIE  ‘safjjwall
-X9 alI0s ‘sadwvyllo

-WAY SUBIqUIAW S$NOD
-nu  puB _SNOAUBIND
-qns ‘swnd 3urpesiq
pu® US[OMS ‘Ssou
-YBoM ‘BJUIBUY : AAINOE

urelq pus pIoo
[Buids Jo sadueyo
dATJRISUASSD dq AR
*(s1soyd4sd pus ‘suon}
-dnre ujpys ‘seuvIq
~-WaW snNOONW Jo
uonoeal  AloyBwulep
=ul y}iM §9dUeq.INsIp

2A118931D) [ ®BISe([dd

wEﬁom pooyq reuwiou
10] AIesssddou UOl}
-onpoad urquoayjord
91snbope 03 [BPUISSH

uoyIeuLIo} 9U0Q [BW
-I0u 0} AJBSS9JdU SNI
-oydsoyd pue wnred
JO wsioqeleW pus
uopydiosqe Jodoad spIv|

(STewiue ul SUIXo}
[BI19308q 0} 9OURB]SISAL
PI8 03 UMoOuUy[) ‘sons
-8[} J9Y)0 pue ‘souoq
‘y)e9) ‘s[asseA  pooiq
u] Jayd803 s[[9d
PIOY  Yorym saduels
-qns ,uswao, Jo
90UBUIUIBW PUB UON
-BULIO] O} AJEBSSIDIN

UI9)BAS SNOAJdU pus
eieuNde jo uyresy
0} pue o Je[nyEo
[BULIOU 01 AJBSS0ON

(surysuns woJgy
91qB[[BA® JOU UIYM)
‘1°T 008-00%|'1'T 008-00¥

3w ¢) ‘8w (2

‘w g1

(1030%3 op3eys
-lourypuy)
3 upwelA

(103

-0%J dpIYdBINUY)
(1019]1018D)
(10193801A

ul 88 HOYN®D)
d ujweiA

(103083
dINqIoos-Juy)
(pP® dJweAd))
(O uweyA
(*OSH*D)

PIO® J[qIOdSV

(d-d UjweA)
(proe ounoiIN) |
HOODN'HY))

UBIN




40 Personal Health

more easily in solution than in the dry state and more readily in
an alkaline solution than in one that is slightly acid. The addi-
tion of soda to preserve the color in cooking vegetables greatly
reduces the thiamine content. Thiamine has been called the anti-
neuritic vitamin because its absence produces beriberi in man and
a similar disease (polyneuritis) in experimental animals.

Beriberi is found in Asia among people who make polished rice a
large part of their diet. It has also been found in Newfoundland
and Labrador among people who subsist largely upon white flour.
Many cases and several deaths occur in the United States each year.
The dry type of beriberi is characterized by progressive emaciation ;
the wet type, by swelling in the limbs and trunk due to the accumu-
lation of fluid in tissues and cavities. Infantile beriberi oceurs
among nursing infants when the mother has insufficient thiamine,
regardless of whether the symptoms are demonstrable in her. It is
one of the leading causes of infant mortality in oriental countries.

Up to the year 1883 it was common for more than one-fourth
the sailors on Japanese battleships to suffer from beriberi. A
navy physician, Dr. Takaki, suspected that the disease was of
dietary origin and proved it by changing the diet on one ship.
The addition of barley, vegetables, fish, meat, and canned milk
to the ration, which had previously consisted largely of white
rice, eliminated the disease. Takaki’s work, however, did not
then command as wide attention as it deserved. Medical authori-
ties generally regarded beriberi as an infectious disease until
army medical officers in charge of the Bilibid prison in Manila in
1902 demonstrated that it could be cured by dietary means.

Polyneuritis has been induced experimentally by feeding birds
on polished rice. The birds showed inactivity, loss of weight, and
muscular contraction; but when fed with an aqueous extract of
rice bran, they immediately recovered. In the same manner the
disease in human subjects has been stamped out by using un-
polished rice or by introducing a mixed diet.

Riboflavin is a greenish-yellow, water-soluble pigment, widely
distributed in plant and animal tissues. It is relatively stable to
heat, mineral acids, and oxidizing agents but is sensitive to aleohol
and is easily decomposed by light. Milk should be shielded from
light and all foods should be covered during cooking or frying.
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An 85 per cent loss of riboflavin has been reported during exposure
of milk to bright sunshine for two hours.

The first symptoms of a deficiency in riboflavin are commonly
burning, itching, and irritation of the eyes, with sensitiveness to
light and visual fatigue with dimness of vision. One of the earliest
and most common changes is the growth of blood vessels of the eye
in the form of capillary loops at the edge of the iris. These are
detected with the slit lamp with which it is possible to examine
a very narrow strip of the eye surface. Soreness of the lips,
tongue, and the corners of the mouth are characteristic skin symp-
toms.

Niacin deficiency is apparently a cause of pellagra, although
deficiency in thiamine and riboflavin further confuses the
clinical picture. This disease is usually characterized by the
three D’s—depression, dermatitis, and diarrhea. Bronzing of the
skin on exposed surfaces, such as the arms and forearms, sore mouth,
and gastric disturbances, are characteristic symptoms. As the dis-
ease progresses, these three conditions become increasingly serious.
Pellagra occurs in many parts of the world. In the United States
pellagra or the less serious subelinical stage of the disease appears
where poverty or ignorance leads to the ¢‘fat pork, corn bread, soda
biseuit and syrup’’ type of diet.

Ascorbic Acid.—Fresh fruits and vegetables furnish about nine-
tenths of our supply of ascorbic acid (vitamin C). Studies of
typical American diets show that about 37 per cent of the ascorbic
acid is taken in the form of citrus fruits and tomatoes, while
potatoes and sweet potatoes supply another 23 per cent.

When suitable amounts of ascorbic acid are absent from the diet,
scurvy results. This disease has been serious and widespread at
many times and places, before our newer knowledge of nutrition
told us how to prevent and cure it. It was a scourge of the Cru-
saders. The explorer Vasco da Gama lost more than half of his
crew from scurvy in his voyage around the Cape of Good Hope.
The explorer Cartier lost one-fourth of his men from seurvy in
1535 (when he was obliged to winter in Canada) before the natives
gave him a remedy in the form of decoctions of evergreen twigs
and needles. The Russians used pine needle infusions during
World War II. :
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(Top) This rat did not have enough thiamine. The lack of muscle control
is called spastic paralysis.

(Bottom) The same rat 24 hours later after receiving a food rich in
thiamine. (Courtesy Bureau of Home Economics, U. S. Department of Agri-
culture.)

Early settlers recognized freshly fermented beer as a protection
against scurvy. Beer as it was then made contained ascorbie acid
derived from the sprouted malt. Beer is now highly elarified,
however, and has no antiscorbutic property. As the use of the
white potato became more widespread, scurvy became rare in
Europe. The failure of the potato crop in Ireland in 1846 brought
about a severe famine and a widespread cpidemic of scurvy.

Recent studies have shown that mild subelinical scurvy is still
common in many parts of the country, although the more severe
form of the disease is now rare. An interesting example of such
a situation occurred in a large boys’ school in England. In mid-
winter the boys complained, and became irritable and listless. They
exhibited a decline in athletic ability and in the quality of their
work. Investigation showed that the diet was without raw fruits
and vegetables, and that a nearby fruit shop, which had been gen-
erously patronized in previous years, was now closed. The con-
dition of the boys improved immediately upon the introduction of .
fresh fruit into the diet.
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Good sources of thiamine: milk, all forms, fruits, vegetables, whole grains,
nuts, peas, beans and other legumes, liver and other edible organs, egg yolk,
lean pork, oysters, (United States Department of Agriculture.)

As ascorbic acid deficiency becomes more severe, lassitude,
weakness, and irritability are followed by pains in the muscles
and joints, tiny hemorrhages in the skin, swelling and bleeding
of the gums, rapid heartbeat, and shortness of breath; the teeth
become loose and infection and uleeration of the gums develop.

Because scurvy frequently occurred among infants fed on pas-
teurized milk, vitamin C is now added to the infant’s dietary
in the form of orange juice or tomato juice. Scorbutic babies suf-
fer pain and tenderness in the legs. The ends of the bones often
become enlarged as they do in rickets.

There is considerable difference between individuals at any age
both in their requirement of ascorbic acid in the body and in the
particular symptoms of ascorbic acid deficiency which manifest
themselves as a result of the interference with the intercellular
cement substances of the tissues.

Ascorbie acid is the least stabile and the most easily destroyed
of the vitamins. Prolonged cooking, drying, and storing destroy
it. Tt is really destroyed by oxidation rather than by heat per se.
Heat accelerates oxidation. The longer the exposure to heat and
the higher the temperature, the greater the destruction. There is
less destruction when air is excluded from the cooking process by
steam or by vacuum. In cooking the loss is minimized by having
the water boiling before the addition of food. Boiling removes
dissolved oxygen. The destruction of vitamin C is hastened by
the addition of soda or other alkali and by the presence of small
amounts of copper. Slightly alkaline fruit juices lose ascorbic
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The picture at the left shows typical lesions of ariboflavinosis, involving
the upper and lower lips. At the right is the patient after a period of
vitamin therapy. Investigation showed that the family of which this child
was & member, subsisted principally on maecaroni and potato, with fruits and
vegetables being eaten only occasionally. Meat was served once weekly and
a quart of milk was apportioned daily among six. (From Therapeutic Notes,
Parke Davis & Co., Courtesy Dr. W. P. Shield and New England J. Med.)

acid slowly even at icebox temperatures when exposed to the air.
Fruit should be served in whole sections whenever possible since
unnecessary eutting and squeezing eauses loss of ascorbic acid.

Ascorbic acid, like thiamine, dissolves readily in water and con-
siderable amounts of both may easily be lost in the preparation
and cooking of vegetables if the water in which they are cooked
or canned is discarded. Often half of the ascorbic acid in a vegetable
may pass into the cooking water. The immediate utilization of
these vegetable juices in soups or in other ways is, therefore, de-
sirable. Properly canned fruits and vegetables retain most of their
ascorbic acid. Vitamin values are in general well retained in
quick-frozen foods.

The body has little ability to store ascorbie acid. Tt must, there-
fore, be constantly supplied in the diet.
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Vitamin D is not a single substance. There are several closely
related compounds which have the same ability to prevent rickets.
The provitamins from which they are derived belong to the group
of chemical substances called sterols. Iirgosterol is found in yeast
and other plants, but not in animal tissues. Animal sterols can be
activated by sunlight to form vitamin D substances by the action
of the sunlight or ultraviolet light upon the 7-dehydro-cholesterol
in the skin. Such animal D vitamins are fat-soluble, and are
found in highest amount in liver, in egg yolk, and in milk fat.
Fish liver oils furnish a particularly rich source.

Proper skeletal de-
velopment can take
place only when the
blood contains sufficient
caleium,  phosphorus,
and vitamin ). When
one or more of these is
lacking, rickets takes
place. Vitamin D seems
to be essential to aid
the body in its use of
the minerals and in the
formation of bones and
teeth. It not only
makes a better skeleton
but also improves the
rate of growth.

Rickets was long a
common nutritional dis-
order of early -child-
hood in the temperate
zones. It develops more
rapidly during the win-
ter months because the
child is less exposed to
sunlight and because the

. A . Rickets. Characteristic signs include the
vitamin in the dietary square head and the enlargement at the points
i . P _ where ribs and cartilage join. (The so-called
s low I,t usually ap ‘‘rachitic rosary.’”’) (From Marriott: In-
pears during the early fant Nutrition, The C. V. Mosby Co.)
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months of life, developing especially in the premature, the arti-
ficially fed, and even the rapidly growing breast-fed baby
whose mother’s diet is inadequate in vitamin D. He becomes
restless, wakeful, constipated, and sweats profusely, especially
on the head. In severe cases the head enlarges and becomes
misshapen. Knobs or beads (the so-called rachitic rosary) ap-
pear at the junction of ribs and costal cartilages. Similar
knobbing occurs at the ends of the long bones, producing enlarged
wrists, ankles, and knees. The long bones of the legs may not be
equal to the task of supporting the weight of the baby; they
may curve, giving the child bowlegs and knock knees. The thorax
may seem flattened on the sides, and the sternum depressed or
protruding, forming the typical pigeon breast. Muscles and liga-
ments seem too lax to hold the body together. The child sags,
grows pot-bellied, hollow-chested, and round-shouldered; the re-
sult is a child with poor posture. He is slow in teething, slow in
walking, slow in developing.

The successful preventive treatment of rickets should begin
early in the life of the infant by administering daily doses of fish-
liver oil, or (if the baby is bottle fed) vitamin D milk, and by
exposing the child’s body to the direct rays of the sun.

Vitamin D milk is produced by irradiating the milk (irradiated
milk), by mixing purified concentrates of animal vitamin D (for-
tified milk), or by feeding irradiated yeast to the cow (metabo-
lized milk).

Children living in the arctic regions, where whole fish and fish-
eating animals constitute the chief diet, seem immune to this
disease. These foods contain a pro-vitamin of vitamin D. Children
of the tropics also seem protected by the action of the sun’s rays
on the ergosterol in the skin.

Vitamin K oceurs in more than one form of closely related fat-
soluble substance. Its importance to the coagulability of the blood,
and hence to the prevention of serious hemorrhage, lies in the fact
that it is part of the prothrombin molecule. It has important and
valuable medical uses, but we are as yet without adequate infor-
mation as to its importance as a nutritional problem.

The following vitamin substances are less well known, because they were
more recently discovered and are not as deficient in the dietary. Their im-
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portance has been demonstrated in experimental animals, but their importance
to man and their food sources need further investigation.

1. Pyridoxine (C,H,NO,; vitamin B,).

Deficiency causes a skin disorder in rats. Evidence suggests it may be
necessary for man. Found widely in plant and animal food Good sources:
yeast, rice polishings, germ and bran of grains.

2. Pamtothenic acid (C,H,NO,; suggested as an ‘‘anti-gray hair factor’’).
Water soluble. Deficiency causes a skin disorder in chicks; growth dis-
turbance and gray hair in rats. Evidence suggests it may be necessary for
man. Found widely in plant and animal food. Good sources: liver and
kidney, bran of wheat, rice, and other seeds, yeast.

3. Choline (C,H,O,N).

Water soluble. Often considered a member of vitamin B group. It has
been established as important to man, but it may be synthesized from cer-
tain amino acids. Absence causes disturbance of fat metabolism. Evident
funetion in maintaining normal tissue structure shown in rats, Found
widely in foods.

4. Inositol (CH,,0,; anti-alopecia factor for mouse).

Lack of it causes loss of hair in small animals. Deficiency not shown in
man, Found in living tissue. Good sources: grains, citrus fruits, and
green leaves; especially abundant in cereals as a phosphate called phytin.

5. Biotin (C,H,,O,N,8; vitamin H).

Water soluble. Sulfur-containing compound of the B-wtamm group. Pow-
erful growth stimulant. Has been reported to be necessary to man, Found
widely in plant and animal food.

6. Folic acid.

Water soluble. Lack of it interferes with liver function and the metabolism
of iron. It is thus related to certain anemic conditions. It is found in
liver, yeast, and leaves.

7. Vitamin E (C»HyO,; tocopherols; antisterility factor)

Stable, fat soluble. Substance essential (as is vitamin A) for reproduction
in experimental animals. Muscular, nervous, endocrine, and growth dis-
turbances reported in animals. No deficiency proved in man. Found
widely in foods. Good source: germ oils of seeds as wheat-germ oil,

Acid and Alkaline Foods.—Foods differ with respect to the
acidity or alkalinity of the residue left in the body upon oxida-
tion. In general, meats, fish, and grain products are ‘‘acid-form-
ing”’ foods. Base-forming elements occur in milk, fruits, and
vegetables. The acids of citrus fruits are alkaline in metabolism
because their organic acid elements are burned in the body.

Although it has been suggested that fruits and vegetables are
desirable because of their alkaline elements, the well person prob-
ably does not need to worry about the acid-base balance. When
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acids are produced in metabolism, the kidneys secrete a more acid
urine. Through this and other adjustments the blood remains
neutral in reaction, although there may be some depletion of its
alkaline reserves.

The swinging of the acid-base balance slightly toward the acid
side is not acidosis; this is a medical term properly used to describe
the incomplete oxidation of fatty acids in the body. It is not a
common and debilitating condition as pernicious advertisements
sometimes imply. It does occur in diabetes and in some other con-
ditions where it is a medical rather than a dietary problem.

Meeting Dietary Needs.—The study of dietary needs shows the
desirability of variety in diet, the danger of subsisting too largely
upon refined foods of the pastry type, and the importance of in-
cluding in your diet liberal allotments of the so-called protective
foods, namely, milk and milk products, eggs, meats, fruit, and
vegetables. Hard foods which require chewing contribute to the
health of the teeth and associated structures.

Clearly, one cannot maintain health by eating merely whatever
his appetite dictates. We must first be sure we are giving the
body the food it needs. Having done this, we may fill the balance
of the diet with whatever wholesome foods we wish. We need a
simple daily dietary pattern, such as the following, to meet the
needs of the average adult :*

Milk 1 pint

Egg 1 daily, if possible. (On days not used, beans, pea-
nuts, cheese or more milk or meat to be used
instead)

Meat, fish, or fowl 1 or more servings

Potato 1 or more

Vegetables 2 or more servings.

Fruits 2 or more. One citrus fruit or tomato or other good

source of vitamin C
Cereals and bread Whole-grain or enriched
Other foods as needed to complete the meals.

Energy Requirement.—The diet needs to be adjusted to meet
the energy requirement of the body as well as its chemical needs.
The body is constantly expending energy; certain functions like
circulation and respiration are going on even when we are at rest.

*From Recommended Dietary Allowances, National Resear: 7)
and Circular Series, Number 122, January, 1946, Rescarch Councll Reprint
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This energy output is so largely in the form of heat that nutrition-
ists use the heat unit, or calorie, in measuring it. A large calorie
is the amount of heat required to raise the temperature of a kilo-
gram of water one degree Centigrade, or the temperature of a
pound of water approximately 4 degrees Fahrenheit. (A small
calorie, one thousandth of a large calorie, is also used as a unit
of measurement but usually in literature on nutrition and always
in this book the word calorie refers to the large calorie.)

It is possible to measure the heat content of any food by drying
it and burning it completely in a bomb calorimeter, consisting of
an oxygen chamber (bomb) surrounded by a water jacket to take
up and register the heat of combustion. The foodstuffs in each
group vary somewhat in content, but recent studies indicate that,
on the average, the body obtains heat as follows:

From Carbohydrates 4.0 calories per gram or 1,814 calories

per pound.

From Proteins 4.0 calories per gram or 1,814 calories
per pound.

From Fat 9.0 calories per gram or 4,082 calories
per pound.

For convenience, handbooks of dieteties carry tables showing
the calorie content of the usual serving of various foods or tables
giving the size of hundred-calorie portions. Examples of hundred-
calorie portions are:

1 oz, sugar 1-inch cube of cheese

1% oz. bread 1 medium-sized banana (5% oz.)
4 oz. butter 1 medium-sized potato (5 oz.)

1 tablespoon mayonnaise dressing 1 large orange (10 oz.)

3% oz. lean meat 33 large leaves of lettuce

Note the variation in value according to the chemical composition
and the water content of the foodstuff.

The rate of energy expenditure or heat loss varies among persons
and with the same person at different times. Obviously, it goes up
when one has a fever. It varies not only with health status but
also with age, body build, and the nature of the diet. The energy
expenditure for a healthy person lying still, awake, twelve to
fourteen hours after taking food (the basal melabolic rate or
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basal energy metabolism), is about one calorie per hour per kilo-
gram of body weight, or about 0.45 calories per hour per pound.
The basal metabolism rate is determined under carefully standard-
ized conditions and is only slightly higher than the rate of metabo-
lism during sleep.

The most important factor in determining the day’s energy ex-
penditure is the amount of one’s activity. Note the difference in
the estimated rates of heat loss per hour per pound of body weight
under the following conditions:

Calories per hour

Aotivity  atories per hour Activity e e ]

Sleep 0.43 Bicycling at moderate 1.59
Lying still, awake 0.50 speed
Sitting still 0.65 Walking at 3%, miles 1.95
Standing at laboratory  0.74 per hour

work Dancing a foxtrot 2.18
Dressing and undressing 6.77 Swimming 3.25
Driving an automobile 0.86 Rowing at top speed 7.65
Typewriting rapidly 0.91

From these data and a record of the amount of time spent in
various activities you would be able to compute your own ap-
proximate daily food requirements in terms of calories. Figures
are commonly given for a woman of average size (56 kilograms or
123 pounds), suggesting a calorie requirement of some 2,100 to
3,000 calories per day, according to whether she leads a sedentary
or a very active life. Similar figures for a man of average size
(70 kilograms or 154 pounds) suggest a range from 2,500 to 4,500
calories per day.

Does it make any difference whether this energy is secured
from proteins, carbohydrates, or fat? If we look to nature for an

AVERAGE COMPOSITION OF HUMAN, COw’S, AND GOAT’S MILK*
’ ’

CARBOHY- APPROXI-
PROTEIN
DRATES | MINERAL|  MATE
m::;:r vz;m;n (%) (“T (MILE, | MATTER |FUEL VALUE
9) |'cASE- [ALBU- POTAT %) SUGAR) (%) PER 02Z.
IN | MEN ' (%) (CALORIES)
Human 88.3 | 0.4 0.7 11 3.3 7.0 0.3 18
Cow’s 87.0] 28 | 0.5 | 3.3 | 4.0 5.0 0.7 20
Goat’s 85.7 | 3.5 1.0 4.5 4.7 4.4 0.8 22

*From Sherbon: The Ohild. Courtesy of McGraw-Hill Book Co.
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answer, we would examine the one substance which nature has
produced to serve no other purpose than that of a food. This
substance is milk. It represents a nearly complete diet for the
young infant.

One notes rather wide differences between the composition of
human, cow’s, and goat’s milk. Adults have even wider varia-
tions in the proportion of different foodstuffs eaten, as is seen by
contrasting the diet of the vegetarian, whose only source of pro-
tein is vegetables, and the diet of those persons who have sub-
sisted successfully upon very little besides meat.

You recall that protein is necded for the growth and repair of
tissues and that excess protein is burned in the body. Nutrition-
ists recommend one gram of protein per day for each kilogram of
body weight for the average adult. This represents about 10 per
cent of the total calories in the form of protein for the sedentary
individual. More generous allowances are needed for the growing
child and for the woman in pregnancy or lactation. The greater
calorie need arising from a cold climate or from extreme activity
on the part of the individual may be met by carbohydrate or fat.
However, people usually eat more of their regular diet as their

(Frits Goro)

A quart of milk is one-fifth solids and four-fifths water. The solids shown

from left to right are 37 gm. fat, 35 mg. vitamins, 24 gm. casein, 7 gm.
albumin, 9 gm. salts, and 50 gm. lactose.
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activity increases. In planning food for families, nutritionists
commonly make sure that the calories are adequate and then
check to see that 10 to 15 per cent of the calories are in the form
of protein.

Carbohydrates and fats are essentially interchangeable as fuel
foods in the normal diet. Foods containing fat stay in the stom-
ach longer and thus postpone hunger sensations. Fat should
furnish at least 20 to 25 per cent of the total calories in the
average dietary. This amount adds to one’s sense of satisfaction
after eating, without producing a continued feeling of fullness.

Gaining and Losing Weight.—When fuel foods are eaten in
such quantities that more calories are taken than the body re-
quires, fat is stored for future use. It is estimated that 4,000
extra calories produce an added pound of reserve body fat. On
the other hand, when the diet provides less calories than are
needed, the body must call upon its reserves to supply the demand.

The weight of the body is a matter of universal interest. Aside
from its relation to personal appearance, emaciation, or obesity,
it may have an important bearing on health. Optimum weight
depends upon body build. It may be defined as that weight which
permits the body to function most efficiently and at the same time
provides satisfactory fat reserves for possible emergencies. Ac-
cumulations of fat in the body have a still further function in
serving as a protection against jars and bruises and as padding
for the support of internal organs, holding them in the position
in which they can best function. Excessive food intake and over-
weight have been found to be associated with heart failure and
with diabetes.

There is considerable difference in the ability of individuals to
store fat. Some persons exhibit a tendency to obesity and others
to thinness. For the great majority of persons, however, it is a
relatively simple matter, through the application of hygienie prin-
ciples, to maintain the weight at a satisfactory level. As we have
seen, the quantities of food required for body maintenance vary
with the build, temperament, age, and sex of the person, as well
as with the amount of time spent in sleep and the type of activity
maintained throughout the day.

Height-weight-age tables are of general interest in connection
with this subject. It should be pointed out that the weights given



Nutrition 53

AVERAGE HrElGHTS AND WEIGHTS OF COLLEGE MEN*

AGE
HEIGHT 16 17 18 19 20 21
56 inches 94 96 98 100 101 102
57 inches 97 100 101 104 105 106
58 inches 100 103 104 107 108 109
59 inches 104 106 108 110 111 112
60 inches 107 110 112 113 114 115
61 inches 111 113 115 117 118 119
62 inches 114 116 118 120 121 122
63 inches 117 119 121 123 125 126
64 inches 121 123 125 127 128 129
65 inches 124 126 128 130 131 132
66 inches 128 130 132 133 135 136
67 inches 131 133 135 136 138 139
68 inches 134 137 139 140 141 142
69 inches 138 140 142 143 145 146
70 inches 141 144 145 146 148 149
71 inches 145 147 149 150 151 153
72 inches 148 150 152 153 155 156
73 inches 151 154 156 157 158 160
74 inches 155 157 159 160 162 164
75 inches 158 161 163 164 165 167
76 inches 162 164 166 167 168 171
77 inches 165 167 169 170 172 174

*Courtesy Dr. H. S. Diehl.

AVERAGE HEIGHTS AND WEIGHTS OF COLLEGE WOMEN*

AGE

HEIGHT 16 17 18 19 20 21
56 inches 96 97 97 a7 97 97
57 inches 98 99 100 100 100 100
58 inches 101 102 103 103 103 103
59 inches 104 105 106 106 106 106
60 inches 108 109 109 109 109 109
61 inches 11 112 112 112 112 112
62 inches 114 115 115 115 115 - 115
63 inches 117 118 118 118 118, 118
64 inches 120 121 122 122 122 122
65 inches 124 124 125 125 126" 126
66 inches_ 127 127 128 128 129 129
67 inches 129 130 131 131 131 132
68 inches 132 133 134 135 136 136
69 inches 135 136 137 138 139 139
70 inches 138 139 140 141 142 142
71 inches 141 142 143 144 145 146
72 inches 144 145 146 147 148 149

*Courtesy Dr. H. S. Diehl.
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are average weights and that such an average does not represent
a ‘‘normal’’ weight for any particular person. As has been indi-
cated, weight depends upon skeletal build as well as upon nutri-
tion. Heavy bones or slender bones may make a difference of
several pounds in the weight of two persons of the same height.
Each person should try to determine for himself what his own
normal weight is and then should attempt to maintain it through
proper dietary control. Sudden marked deviations from this nor-
mal are not desirable and usually indicate some abnormal eondition.

The tendency to become overweight is no doubt constitutional,
although adipose tissue can be acquired only by the econtinued con-
sumption of more fuel than is used by the body. Glandular dis-
orders may be responsible for obesity in some cases. Treatment
should always be undertaken under the direction of a physician.

There are two ways to combat overweight: by redué¢ing the
amount of food or by increasing the oxidation. When we are not
eating, we are losing weight at the rate of about one ounce an
hour. Fasting will reduce weight, but the fasting regime is ex-
tremely unpleasant and may be dangerous. The oxidation of
food may be increased by exercise, but, unfortunately for the
person who is trying to reduce, exercise is followed by an incereased
appetite and too often by a greater consumption of food.

A reducing diet is one in which the total number of calories is
less than the person is consuming in body maintenance. The body
must utilize some of its reserve fat in the production of energy.
It is necessary to include the protective foods for the vitamins and
minerals, and to use less of the starches, sugars, and fats.

The extent to which the energy foods should be limited depends
upon the amount of weight to be taken off. Rose suggests redue-
ing up to one-fourth the total required calories if one is only a
little overweight. Thus, if the person requires 2,400 calories
daily, the reducing diet would provide only 1,800 calories. For
the greatly overweight person the physician may reduce the
calorie content of the diet as much as one-half. There is danger
of vitamin, protein, and mineral deficiency when less food is eaten.
A balanced diet must be maintained. Weight should be lost slowly.

Sugar, . salad dressings, gravies, cream sauces, pastries, and
candy are energy-producing foods which can be eliminated satis-
factorily. I.ess starchy vegetables may be substituted for potatoes.
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The quantity of butter or fortified margarine may be reduced,
provided enough fat-soluble vitamins from other foods are secured.
Clear soups should be chosen instead of cream soups. Bread and
cereals should be reduced in quantity. Fresh fruits are preferable
to pastries for desserts.

The foods taken out of the diet should be replaced by others
that are bulky but low in calorie value, such as tomatoes, spinach,
cucumbers, cauliflower, lettuce, cabbage, string beans, celery,
chard, asparagus, Brussels sprouts, and all kinds of greens.
Choose foods with high vitamin and mineral content and low fuel
content. Such fruits include orange, grapefruit, peach, pineapple,
strawberries, watermelon, and cantaloupe. Their bulk in the
stomach helps to prevent hunger. The drinking of water when
hungry also assists in allaying hunger pangs temporarily.

Persons often become discouraged when, after a week or two of
strenuous restriction in the diet, the weight has not been changed.
It has been established that water may be retained in the tissues
to such an extent that the body weight remains constant for as
long as sixteen days under a reduced diet. At the end of this
period water is suddenly lost, so that the weight drops in accord-
ance with expectations. )

A gradual reduction in weight is desirable, since it is less likely
to disturb general health. Under no circumstances should adver-
tised antifat remedies be taken. They often contain the powerful
drug thyroxin, which is too dangerous to be used in self-medication.
A number of deaths have been reported from the use of antifat
remedies containing dinitrophenol.

The normal body apparently has a mechanism by which weight
is controlled, so that after weight is lost (through fasting or ill-
ness), it is replaced. 'When normal weight is regained, the increase
ceases and excess food is burned. In the obese person the excess
food is readily stored owing to some defect in the mechanism for
burning excess food, while in the slender person this mechanism
functions so effectively that every bit of excess food is oxidized.

It is well to remember that extensive weight reduction is not a
task to be undertaken lightly without medical advice and expert
supervision.

Undereating is not uncommon. Many people suffer the loss of
physical and mental vigor because they fail to secure the food that
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they should have either through carelesshess in their eating habits
or through lack of means. Women, particularly, often fail to secure
suitable and nourishing food because it may be expensive, its prepa-
ration may be time-consuming, or it may contribute to weight
increase.

Eating no breakfast is a foolish fad. After the long fast, ex-
tending over twelve hours, there is something wrong with the
stomach that rejects the next meal. The student who rushes to
class without an adequate breakfast is not in condition to do his
most efficient work.

The underfed person is in many respects the exact opposite of
the person who is overfed. He is likely to be underweight, pale,
sensitive to cold, morose, querulous, and pessimistic. He sleeps
lightly and works without enthusiasm and without surplus energy.
The overfed person is perhaps not very diligent, but he is commonly
cheerful, and optimistie, has a ruddy countenance, and is a sound
sleeper. To secure the golden mean in diet is greatly to be desired.

While people who are well above 30 years of age should guard
against overweight, it is a distinet advantage to those under 30
to have a slight surplus of weight. The reserves thus provided
take care of the extra demands that are constantly made upon the
body by the great variety of interests which accompany this
period of life.

Underweight is frequently the result of excessive nervous ex-
citement, glandular disturbance, or a focal infection rather than
undernutrition. Accordingly, the correction of underweight calls
for freedom from physical defects, longer hours of rest, rest be-
fore and after eating, a restricted program of exercise, and fre-
quent relaxation periods, as well as the use of a diet carefully
planned to increase weight and to provide the necessary energy
for activities.

A weight-gaining diet is one which provides more calories than
are required for daily maintenance, so that the surplus energy foods
may be stored. A difficulty encountered in this diet, unless care is
taken to keep up the thiamine content, is lack of appetite. It often
happens, too, that owing to a long period of undereating, the
stomach has accustomed itself to such small quantities of food that
it cannot take additional food without discomfort.
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Various methods of overcoming these difficulties may be used.
The food should be prepared attractively and eaten under favor-
able surroundings. Midmorning and midafternoon lunches and
a glass of milk at bedtime are helpful. The discomfort which ac-
companies taking larger amounts of food must be accepted with
as much grace as possible until the stomach adjusts itself to its
new task.

The goal in planning a weight-gaining diet is to tuck in more
calories without increasing the bulk., For example, a dessert of
plain gelatin can be increased in calorie value by the addition of
nuts, fruit, and ecream. An extra pat of butter or fortified
margarine added to a serving of steak, the addition of nuts and
rich dressing to a salad, or the use of raisins or dates in a dish of
cooked cereal all add calories to the diet. Vegetables and fruits
which have a moderately high calorie content are potatoes, peanuts,
parsnips, peas, Lima beans, sweet potatoes, bananas, apricots, dates,
figs, prunes, and raisins.

A reducing diet or a weight-gaining diet must be continued
over a long period of time if results are to be obtained. It is al-
ways easier to keep the body in a normal state than to regain this
condition once it has been lost. Good nutrition requires intelli-
gent planning. A man may starve himself into emaciation. He
may eat himself into obesity or indigestion. He may secure for
himself any one of several diseases by omitting necessary elements
from the diet. Conversely, he may eat wisely to the maintenance
of health and vigor. A wide variety of foods, both good and bad,
is available to modern man. Only through the application of a
sound basic knowledge of nutrition will he secure a suitable diet.
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CHAPTER 111

DIGESTION

The types of food and their digestive products have been studied.
We are now ready to consider the process and hygiene of digestion.
The food tube is about thirty feet in length, and it usually takes
from twenty-four to forty-eight hours for a meal to pass through it.
The mouth, esophagus, stomach, small intestine, and large in-
testine, together with the digestive glands associated with the
food tract, play distinective parts in the digestive process.

The Mouth and Esophagus.—Through mastication the solid
foods are refined, moistened, thoroughly mixed with saliva, and
then (for swallowing) formed into a bolus or pasty mass by the
action of the cheeks and tongue. If a piece of meat the size of a
marble is cut into particles the size of coarse sand by proper
chewing, the surface area available for digestive action is tremen-
dously increased.

The ptyalin of the saliva begins the digestion of starches.and
dextrins. There are three pairs of salivary glands: the parotid
glands, located in front of each ear at the angle of the jaw; the
submaxillary glands under the jaw; and the sublingual glands
under the tongue. About three pints of saliva are produced daily
and discharged by ducts into the mouth.

In addition to water and the effective agent, ptyalin, saliva con-
tains small amounts of other substances, including muein and cer-
tain inorganic salts. Some salivas are slightly alkaline; some are
slightly acid. Saliva varies also in physical characteristics, from
a rather thick mucilaginous substance to a thin watery one. Its
secretion is stimulated psychically by the sight and thought of at-
tractive savory food; chemically by the aroma and pleasing taste
of food; and mechanically by the movement of the jaw in chewing.

Mastication is the one process of digestion that is directly under
conscious control. It is pleasurable, and the thorough chewing of
food is of definite hygienic value in starting the flow of the digestive
fluids in the stomach and intestines. An extensive starch digestion

59
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at this point is doubtless desirable, although we realize that this
process will be completed in the small intestine in any case.
Through the action of swallowing, liquid foods and masticated
solid foods are forced into the esophagus by the contraction of
the muscles of the throat. The esophagus passes from the throat

.-Parotid salivary gland
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The relationships of the different parts of the digestive system, Only a small
part of the small intestine is shown.
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through the chest to the stomach. It pushes the food along by
the peristaltic contraction of muscles just behind the food bolus.
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Organs of the body shown in their relation to the skeleton. (From Camp:
Anatomical Studies.)

The food travels this tube from the mouth to the stomach in about
six to seven seconds.
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The Stomach.—The stomach serves as a receiving chamber in
which the food is normally stored from a few minutes to four
and one-half hours and in which a limited number of digestive
changes occur. When distended with food, it will hold from three
to five pints. When it is empty, the muscles contract and the
organ is greatly reduced in size, but it does not completely col-
lapse because it always contains some air which has been swal-
lowed. This air is useless, and with increased pressure within the
stomach, some of it may be expelled by belching. It is this air,
rather than gas formed by fermentation, that is ordinarily raised
from the stomach.

Fundus

Cardia

Gastric tube

Ridge

Duodenum
Greater curvature

The inside of the stomach showing the nature of the lining. (From Francis
Fundamentals of Anatomy, The C. V. Mosby Co.)

The esophagus opens into the larger or cardiac portion of the
stomach. The outlet of the stomach, the pylorus, is at the small
end and is controlled by a sphincter muscle.

When the food reaches the stomach, the salivary digestion of
starches is still going on, and this continues until the hydrochloric
acid of the gastric juice terminates the process. This acid also
prevents food from fermenting in the stomach through bacterial
action. The gastric juice contains two other important substances.
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One is rennin which has the ability to curdle milk, and the other is
pepsin which acts upon proteins in an acid medium, splitting them
into simpler substances. The gastric juice changes solid proteins
to liquids. TIrom three to five pints of this secretion are produced
daily. The food is mixed by waves of econtraction which arise near
the middle of the stomach and move to the pylorus where they
stop. During active digestion these waves may move along the
lower part of the stomach as often as once every ten seconds.

Many factors influence the emptying time of the stomach and
the state of the pylorie sphincter. One of these is the motility
of the stomach. Anything which tends to increase or to decrease
gastric muscle tone will appreciably shorten or lengthen empty-
ing time. The consistency of food, ie., the extent to which it
has been made fluid or semifluid, is another factor. A high os-
motic pressure such, for example, as might result from eating a
large amount of sugar would delay evacuation. The extent of
fullness or emptiness of the duodenum affects the state of the
pyloric sphincter. It has been found that an inflammation of the
cecum or appendix, as well as certain emotional states, influences
the emptying time of the stomach. Finally, the position of the
body modifies gastric evacuation, it being more rapid when the
individual is lying on his right side than in other positions.

There is no appreciable absorption in the stomach except for
aleohol and certain poisons. Salts and simple sugars may be ab-
sorbed to a slight degree when they are in high concentration.

Small Intestine, Liver, and Pancreas.—The small intestine is a
greatly coiled tube, about twenty-three feet in length, and about
one to two inches in diameter. Its upper portion, about ten inches
in length, immediately following the stomach, is called the duo-
denum. It partly encircles the pancreas. The duct from the
pancreas and that from the liver open into it. The jejunum
(about eight feet in length) follows the duodenum. The remain-
ing thirteen to fourteen feet is called the leum.

The coils and folds of the small intestine fill a large part of the
abdominal cavity. They move over each other to a considerable
degree, and are held in place by a fan-shaped sheet of tissue called
the mesentery, which is attached to the dorsal wall of the abdomi-
nal body cavity. Arteries, veins, and lymphatics, as well as the
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nerves that carry sensory and motor impulses, lie in the mesentery
and are supported by it.

The lining of the small intestine is continuous with that of the
stomach. It has innumerable minute, fingerlike projections called
villt, which are about 45 inch in height and give the lining some-
what the structure of a fine velvet. The wall of each villus is of
columnar epithelial eells. The villus contains capillaries, a lacteal,
and unstriped muscle. The tiny muscles in the villi enable them
to contract and to move along their absorbed materials. Circular
folds in the lining of the small intestine further increase its
inner surface.

The mucosa of the small intestine, highly magnified. 1, Intestinal villi; 2,
solitary follicles; $, openings of crypts of Lieberkuehn. (Testut.)

The most important processes in digestion and absorption take
place in the small intestine. The pancreas, an accessory digestive
gland about six or seven inches long, lying behind and below
the lower curve of the stomach, supplies an important digestive
fluid. This contains two important active enzymes: (1) diastase
or amylase for converting starches into simple sugars, and (2)
lipase or steapsin for converting fats into glycerin and fatty acids.
It also contains one inactive enzyme, trypsinogen, which is changed
into the powerful proteolytic (protein dissolving) enzyme, trypsin,
in the intestinal tract.
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The activation of trypsinogen depends upon contact with entero-
kinase, an enzyme in the secretion of the intestinal glands, located
between the villi in the intestinal wall. In addition to enterokinase
this secretion contains erepsin, a mixture of enzymes, which com-
pletes the digestion of proteins. It also contains the enzymes in-
vertase or sucrase, lactase, and maltase, which complete the diges-
tion of sugars.

The liver, the largest organ in the body, lies just below the dome
of the diaphragm, above the stomach on the right side. It ex-
tends downward to the edge of the ribs. It is important in the
storage of glycogen, in the elaboration of urea from the nitrog-
enous waste of the blood, and in the decomposition and excretion
of the pigments set free by the disintegration of red blood cor-
puseles. Its digestive funections are effected through the produec-
tion of bile, which is poured into the duodenum through the bile
duct. The bile salts facilitate the action of lipase in fat digestion.
They also promote intestinal peristalsis.

A small, slightly muscular sac, the gall bladder, is connected:
by a tube to the bile duct. It acts as a temporary reservoir for
the storage of bile, which is produced continuously by the liver.
It concentrates the bile and makes possible an intermittent, rather
than a continuous, flow of bile into the intestine. ‘

Food is pushed along the small intestine by peristalsis at the
rate of one-half inch to one inch per minute. Sharp contractions
of the circulatory muscles, called rhythmic segmentation move-
ments, mix the food with the digestive juices. An occasional
peristaltic rush rapidly carries the food along several inches. Food
ordinarily remains in the small intestine for four or five hours.

The Large Intestine.—The large intestine is.about five feet long
and one and one-half to three inches in diameter. It is divided
into three parts: the cecum, the colon, and the rectum. The
cecum is a blind pouch, located in the lower right-hand side of
the abdominal cavity just above the hip bone. The small intes-
tine (ileum) empties into the cecum through an opening guarded
by a sphincter muscle and forming the ileocecal valve. The vermi-
form process, or appendiz, a blind tube three to nine inches long
and one-quarter inch in diameter, opens out of the cecum. The
colon is divided into ascending, transverse, and descending sec-
tions, the latter emptying into the rectum, which discharges in-
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testinal waste through the anus. Its outer layer contains three
long ribbons of longitudinal musecle the contraction of which
forms pouches in the colon. There are no villi in the large intes-
tine, but mucous glands are found nearly everywhere.

The intestinal content is about the consistency and appearance
of thin pea soup when it enters the large intestine. In addition
to water it contains the residue of plant fibers (cellulose), the
bodies of bacteria, most of them of the colon bacillus type (vari-
ously estimated as furnishing up to 30 per cent of the bulk), and
some of the body secretions, such as the bile residues. The right
half of the large intestine absorbs a large part of the water. The
left half is primarily a storage reservoir from which at periodie
intervals waste is sent on for temporary storage in the rectum.

The Absorption of Food Substances,—The products of digestion
are almost entirely absorbed from the lower two-thirds of the
small intestine. The end produects resulting from fat digestion
pass into the lymphatic tubes of the villi and make their way
along the lymphatics of the mesentery as a milky fluid called
““chyle.” In this form they are carried to the thoracie duct and
thence to the large veins just above the heart.

The produets of protein and carbohydrate digestion are picked
up by the capillaries of the villi and carried to the portal vein
which runs to the liver, there to divide into another set of capil-
lary channels. Here the blood gives up most of its newly ab-
sorbed dextrose, the end product of carbohydrate digestion, to
the cells of the liver which transform it into glycogen and store
it as this compound. When the blood is in need of sugar, this
process is reversed. Glycogen is also stored in the musecle cells
of the body where it is available for immediate use in the pro-
duction of energy. About 1 per cent of the weight of the musecle
is glyecogen. The storage and utilization of sugar are in some way
controlled by a substance called ‘‘insulin,”’ which is produced in
the pancreas and picked up directly by the blood stream. The fail-
ure to produce insulin results in diabetes.

After passing through the capillary network in the liver, the
blood, which earlier had come through the capillaries of the small
intestine, enters the general circulation.

The amino acids, the final products of protein digestion, are
taken from the blood by the body cells wherever they are needed
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for growth and repair. Cells build amino aeids into the proto-
plasmie structure in only slight excess of actual needs.

Appetite, Hunger, and Thirst.—We have not yet discussed those
elemental and universal sensations which make us seek food and
drink—appetite, hunger, and thirst. Appetite results from the
memory of pleasant past experience. It is further strengthened
by ‘‘appetizing’’ odors and the taste of food we enjoy. It is not
to be confused with hunger, a more primitive sensation. Contrary
to appetite, hunger may even make us eat that which actually
offends our senses. It is produced by strong contractions in the
muscular wall of the stomach, causing a dull pain or ache in the
lower chest or upper abdomen. These contractions may be so in-
sistent as to prevent sleep. Chewing or swallowing movements
or smoking will partially ally them. Strong emotions or strenu-
ous exercise will stop them temporarily. There is physiological
basis for the advice to ‘‘tighten your belt’’ when hungry, for
this does, indeed, cause partial or complete cessation of the sen-
sations of hunger for a short time.

A very different sensation is thirst, which is due to the drying
of the mucous membranes of the pharynx. This condition arises
from any situation that reduces the fluid supply of the salivary
glands, as, for example, hemorrhage, sweating, fright, or inability
to secure water. Hunger contractions cease to be painful after
some hours. Thirst, on the other hand, becomes increasingly more
agonizing until water is supplied.

Digestion and the Emotions.—From the use of the x-ray and
the fluoroscope, from the study of experimental animals, and from
the observation of a few rare cases in which, because of surgical
operation, the inside of the stomach could be observed, we have
gained considerable information concerning the relationship be-
tween the emotions and the secretion of digestive juices. We have
long known that the sight or smell of a favorite food will make
the mouth water. The observations mentioned have shown that
it will also make the stomach water.

This initial psychic secretion of gastric juice is important be-
cause it starts protein digestion in the stomach, and the resulting
partially digested proteins seem to incite the larger gastric secre-
tions necessary for continued protein digestion. Slight gastrie
secretion is continuous; the increase that comes from *‘eating
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with appetite’’ ends about twenty minutes after eating is discon-
tinued, but the augmentation that is stimulated by partially di-
gested foods may continue until the stomach is empty—for six or
more hours—if conditions are favorable.

Digestion ensues much more readily if the food eaten is appeal-
ing in sight, odor, and taste. For persons who, because of illness
or for some other reason, have dainty appetities, attractive, small
servings are best. The forced feeding of children, the unneces-
sary punishment of children at the table, and the feeding imme-
diately after the child has been emotionally upset, are all un-
hygienic. Among adults it is equally important that the meal
should be pleasant and free from anxiety, worry, and ill-feeling.
Otherwise, a vicious eycle will be set up, and the man who begins
by worrying at his meals or thinking intensely upon the problems
of his work will set up a mild indigestion, which will in turn lower
hig efficiency and further aggravate his worry.

The unfavorable, and sometimes inhibitory, digestive effects of
psychic disturbances are very striking. Strong emotions, such as
pain, fear, and rage, have been shown to check not only the flow
of gastric juice, but also the pancreatic juice and bile. They may
also prevent the normal contractions of the stomach and intes-
tines. Dr. Cannon has shown in studying the cat by means of the
fluoroscope that all stomach contractions and all peristalsis cease
abruptly when a dog is brought into the room.

Physicians who treat great numbers of digestive disorders fre-
quently get a clinical history of indigestion with symptoms of
heaviness in the stomach after eating, as though the food failed
to pass on to the intestines. Such a case exhibits an increasingly
aggravated condition. This type of nervous or emotional indiges-
tion in specific cases has been shown to be definitely related to
unfavorable mental states. The accompanying diagram shows
the way in which the autonomic nervous system reaches and af-
fects the digestive tract and other parts of the body. These nerve
structures operate automatically under the influence of the
emotions.

Rest.—Due to the diversion of blood from the digestive tract
to the muscles in the case of hard manual labor, and, to a less
extent, to the brain in the case of mental work, we may conclude
that an afier-lunch rest period, postponing for at least one-half
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hour the return to work, is highly desirable. If one is unduly
tired, it is also well to rest before eating, otherwise the digestive
processes may suffer and nutrition may be impaired. Bathing at
temperatures other than that of the body also diverts blood from
the digestive organs. It is, therefore, inadvisable to indulge in a
bath for an hour after eating.

Regularity in Eating.—It has generally been found beneficial
to digestion to have regular hours of eating. However, the ideal
number of meals and the times for eating are not necessarily the
same for all people. Some students of the problem believe that
eating more often than three times a day is desirable. When
ready energy is necessary, carbohydrates will supply it more
quickly than other foods. Greatest working efficiency results
when there is a ready supply of carbohydrate food. Eating just
before a large meal may upset the appetite, but there is no physio-
logical evidence for the popular belief that eating between meals
is harmful to the digestive tract.

Water With Meals.—There seems to be no reason why water
taken with the meals should be injurious, unless it is used to wash
down dry food in order to save the person the trouble of chewing
or unless it is taken at so low a temperature and in such quan-
tities as to cool the stomach and slow up the action of secreting
tissues of the stomach wall. Iced beverages or desserts should be
taken slowly so that the stomach will not be chilled.

Digestive Disorders

Common digestive disorders are ‘‘indigestion,’’ constipation,
and diarrhea.

Indigestion.—Indigestion is a popular, rather than a scientific
or medical term. It is commonly applied to conditions associated
with abdominal pain, vomiting, belching of gas, and a bad taste
in the mouth.

Hurried eating results in the swallowing of an excessive amount
of air and in imperfeet mastication, thus prolonging digestion.
Overeating distends the digestive organs, produces discomfort,
and, to some extent, reduces the completeness of food absorption.

Fried foods digest rather slowly because of their coating of fat.
There is, however, little basis for the common belief that all fried
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foods are unwholesome. Food fried in hot deep fat so that little
fat is absorbed is probably not more difficult to digest than foods
prepared in other ways.

Pickles, an excessive amount of condiments, or highly seasoned
foods may be irritating to the digestive tract and may cause
discomfort.

The wrong emotional state and extreme fatigue inhibit the di-
gestive process. Moderate exercise (except directly after eating)
facilitates the secretion and activity of the digestive organs, but
extreme exertion halts the process of digestion. Sugar, if eaten
in large quantity, is irritating to the stomach. An immoderate
amount of aleohol, or its econtinued use, causes irritation of the
stomach, with the excessive production of mucus, hydrochlorie
acid, and muscular activity.

Heartburn is a common digestive difficulty, characterized by a
burning sensation in the chest. The highly acid gastric seeretion
is thrown up into the esophagus, causing irritation and discomfort.
It is associated with ‘‘nervous indigestion,’’ brought on by worry.
excitement, overwork, or the excessive use of aleohol, tobacco.
coffee, and tea. The heart has no relation to ‘‘heartburn.”’ The
taking of baking soda or other alkaline substance is often' sug-
gested to relieve this condition. Usually the need lies in an ad-
justment of the hygiene of the nervous system and an avoidance
of foods which irritate the stomach.

Belching is the eructation of air that has been swallowed with
food or unintentionally when food is not being taken. REating
slowly will help to avoid the first difficulty. The habit of air
swallowing may be broken by holding the mouth slightly open
with some small object placed between the teeth.

Constipation.—Constipation is too slow a movement of food
along the digestive tract and the failure of the bowel to empty
itself thoroughly and regularly. There are two types of constipa-
tion: atonie, in which the intestinal museles lack tone; and
spastic, in which they are in spasm. Headache, lassitude, depres-
sion, irritability, and difficulty in the accomplishment of mental
work are commonly associated with constipation. These common
effects of constipation appear to be due, in part at least, to the
pressure of feces in the rectum. Investigations have shown that
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packing the rectum with cotton produces the symptoms of eonstipa-
tion.

The common causes of constipation are: (1) failure to estab-
lish the habit of evacuating the rectum at a regular time each day
when feces enter it from the large intestine and produce a desire
for defecation; (2) lack of thiamine and lack of roughage or in-
digestible fiber in the diet; (3) lack of sufficient exercise to
provide beneficial jarring and change of position for the in-
testine; (4) ptosis, or sagging, of the intestine and stomach,
due to flabby abdominal muscles and reduced abdominal pressure.
Lead poisoning or the use of excessive amounts of bran may pro-
duce sufficient irritation to contract the muscles of the intestines
and cause spastic constipation, a condition in marked contrast to
the more common atonic type. An infected appendix, or some
other internal difficulty demanding medical attention, is some-
times the cause of constipation.

Constipation is overemphasized in the ever-present advertise-
ments for cathartics. The condition is harmful and should be
avoided by drinking plenty of water, by eating suitable foods,
and by exercising. At least one bowel movement a day at a
regular time is a desirable habit for most persons. A glass of
hot or cold water upon arising and special abdominal exercises
may help in establishing this habit.

The diet useful in correcting and preventing constipation is one
containing (1) foods which provide bulk, (2) foods which have
a tendency to form gas in the intestines, and (3) foods which
contain thiamine. The planning of a diet to eliminate constipa-
tion is an individual matter. In most cases the adoption of
hygienic measures is sufficient to correct the condition if there is
no organic disease. Laxatives relieve constipation temporarily,
but they do mot correct the underlying condition. Their con-
tinued use is undesirable and unhygienic. Today some drug com-
panies that make laxatives are frank enough to caution the user
against the indiscriminate use of their products. One laxative
bottle bears the label stating: ‘‘Caution: ... Avoid prolonged
use since the ‘laxative habit’ is dangerous to health.”’

Mineral oil makes the bowel evacuate easily by preventing the
excessive reduction of liquid from the feces, but when constantly
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used, it interferes with the absorption of fat-soluble vitamins. An
excess of the oil may result in ‘‘leakage’’ or involuntary passage
of some feces with oil.

Salts, such as Epsom salts, Rochelle salts, and magnesium cit-
rate, extract water from the mucous membranes and flush the
intestines. This effect upon the lining of the intestine is likely to
bring on further constipation.

There are certain irritative drugs, such as castor oil and cascara,
which stimulate the activity of the large intestine. They must
be used in increasingly large doses to remain effectual, and they
may produce a mucous colitis.

Suppositories may be useful in developing an evacuation habit.
They consist of soap and glycerin and are placed in the rectum
where they soften its contents and facilitate elimination.

In using the enema or internal bath, a pint to a quart of warm
soapsuds is injected into the rectum. An enema is usually effec-
tive, but it is not a cure for constipation, since the dilation of the
rectum is undesirable and its sensitivity is reduced.

Diarrhea.—Diarrhea is a condition in which the feces is fluid
or semifluid, peristalsis is violent, evacuations are frequent and
accompanied by more or less pain. It is caused by chemical,
mechanical, or nervous irritation of the intestine. It may be initi-
ated by food, catharties, bacteria, or unstable emotions. If pro-
tracted, diarrhea is injurious in that it leads to reduced absorp-
tion of food and loss of water and salts from the body.

Digeases of the Digestive Tract.—Communicable diseases of the
digestive tract will be discussed later. Sensitiveness to particu-
lar foods, or food allergy, will be discussed in the chapter on
immunity.

Appendicitis is an inflammation of the vermiform appendix.
Its cause is imperfectly understood, but neglected constipation
and habitual overeating are thought to be contributory. The pain
is usually in the lower right side of the abdomen, but it may ap-
pear early in the upper part of the abdomen or as general eramps.
Usually there is vomiting with appendicitis, and occasionally, the
person makes the mistake of assuming that the attack is merely
one of indigestion.

The use of cathartics in appendicitis is distinetly dangerous.
It has been estimated that in a single year more than 12,000
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deaths in the United States were caused by taking laxatives for
abdominal pain when an inflammatory condition existed in the
appendix. Laxatives increase peristaltic action. When the ap-
pendix is seriously inflamed, this excessive intestinal activity may
cause it to rupture. The question of whether the appendix is
inflamed can best be determined by a physician. The rule ‘“never
take a cathartic in the presence of abdominal pain’’ would, if
followed, save many lives. Early diagnosis and treatment are
necessary to reduce the high mortality from appendicitis.

Some of the other not infrequent disorders of the gastrointesti-
nal tract are caused by gastric uleer, gallstones, and hernia. These
maladies are matters of medical rather than of hygienic interest.
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CHAPTER IV
ORAL HYGIENE

Parts of the digestive apparatus that demand further attention
are the teeth and the soft tissues of the mouth.

Form and Arrangement of the Teeth.—There are four classes
of teeth: the incisors or cutting teeth, the canines or tearing teeth,
the premolars or tearing and grinding teeth, and the molars or
grinding teeth. The first set, the primary teeth of childhood,
has eight ineisors, four cuspids, and eight molars, a total of twenty
teeth. The second, or permanent, set has a total of thirty-two
teeth, including, in addition to the eight incisors and four cuspids,
eight bicuspids and twelve molars. They are appreciably larger
than the primary teeth.

When the teeth are in normal alignment, each tooth touches
the one on each side of it. This contact keeps food from erowding
upon the soft tissues between the teeth. Normal occlusion, or
proper relationship between the upper and lower teeth, is shown
in the accompanying illustration.

Development and Structure of Teeth.—Modern knowledge shows
that the tooth is a living and changing structure, and its relation-
ship to the rest of the body is direct and intimate.

Although teeth are set in bone, they are not a part of the bony
system but are formed within the soft tissue, where the enamel
and dentin are produced from different sources. The enamel is
secreted by an enamel organ, made up of cells from the same layer
(ectoderm) which forms the skin and the lining of the mouth.
Cells from this layer grow down into the soft tissue in the shape
of a thimble and secrete the enamel substance on their inner
surface. This enamel is the hardest substance in the body and is
made up almost entirely of phosphate and carbonate of caleium.
It becomes the covering of the erown or exposed part of the tooth
but it does not cover the root.

‘While enamel is forming, the dentin organ, a finger-shaped mass
of dentin-forming cells (odontoblasts) from the mesoderm layer,
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Normal occlusion. Buccal view of ideal occlusal arrangement. (From Dewey:
Anderson: Practical Orthodontics, The C. V. Mosby Co.) (Atkinson.) i

Diagrammatic drawing of a section through a normal tooth. (Courtesy
American Dental Association.)
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pushes into the thimble area and begins to deposit the dentin.
Dentin is composed of calcium phosphate and calcium carbonate
and in addition contains considerable organic matter.

The enamel organ eventually disappears. The dentin-forming
cells, however, form the lining of the pulp eavity of the tooth and
from each odontoblast living protoplasm extends into the canal
of the dentin tubule which this cell has formed.

The first teeth are partly formed beneath the gums at birth.
The sequence of eruption of the teeth is shown in the following
table:

APPROXIMATE AGE AT WHICH TEETH ARE USUALLY ERUPTED

Deciduous Teeth
6 to 8 months, 4 central incisors
8 to 10 months, 4 lateral incisors
12 to 16 months, 4 anterior or first molars
16 to 20 months, 4 cuspids
20 to 24 months, 4 posterior or second molars

Permanent Teeth
6 to 7 years, 4 first or sixth-year molars
7 to 8 years, 4 central incisors
8 to 9 years, 4 lateral incisors
10 to 11 years, 4¢ first bicuspids
11 to 12 years, 4 second bicuspids
11 to 12 years, 4 cuspids
12 to 13 years, 4 second or 12-year molars
15 to 21 years, 4 third molars or wisdom teeth

Lower teeth erupt before upper teeth as a rule and, in general,
teeth appear a little earlier in girls than in boys. The crown is
fully formed before the tooth erupts, but the formation of the
root is not completed for many months afterward. Although the
eruption of teeth is a normal process, a child may have some pain,
soreness and swelling of the gums.

The pulp of the tooth contains blood vessels, lymphatics, and
nerves which enter and leave through a foramen at the apex of
the root. The root of the tooth is covered by a hard substance
called ‘‘cementum,’’ attached to the bone by its surrounding
periodontal membrane. This membrane is considered one of the
most important of all tooth structures. It not only holds the
tooth in place but also serves as a cushion to protect the tooth
pulp and the brain from severe jars during mastication. The
slight movement of the teeth during mastication causes a gentle
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Contrast the size and shape of the first and second teeth.

The Quality of the Teeth.—There is an appreciable difference
in the hardness of the teeth of different persons. The develop-
ment of hard and well-formed teeth requires proper metabolism.
Sufficient calcium and phosphorus salts are necessary and we
have seen that some vitaming are necessary for the best use of these
salts in the body.

The diet of the mother probably has little effect upon the future
dental health of the unborn child. For one reason, most of the
ename] of the primary teeth and all the enamel of the perma-
nent teeth are formed after birth. Moreover, the body resources
of the mother can be utilized to some extent, although to her own
detriment, in developing the teeth of the child. The diet of the
mother is important to her own general health and to that of the
baby.

Proper diet from birth to about the age of 13 years is most
important in the development of good teeth. Sometimes mal-
nutrition, especially a deficiency in vitamin A, a fever, or other
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suction on the vessels in the pulp and stimulates the flow of blood
and lymph, thus aiding in the maintenance of healthy tooth strue-
tures. The soft tissues of the gum (gingivae) are attached to the
teeth at the junction of the cementum with the enamel that covers
the erown. During health a crest of this soft tissue lies closely
against the enamel.

Structural Abnormalities in the Mouth.—Various structural ab-
normalities interfere with health, appearance, or normal function.
Well-developed jaws, with a full complement of beautiful, even
teeth, contribute to the symmetry of the face and to personal
attractiveness. A high roof of the mouth, protruding teeth, widely
separated or missing teeth, and failure of the upper and lower
teeth to meet properly interfere with clear speech, particularly
the pronunciation of s sounds. Irregular teeth may prevent
proper mastication and lead to digestive troubles. Such teeth are
hard to keep clean.

Nearly half the children in the United States have some type of
malocclusion (irregularity of the teeth with imperfeet relation-
ship between the upper teeth and the lower teeth). There are
various causes for malocclusion, including illness, malnutrition,
mouth breathing, and thumb-sucking or lip-biting in childhood.
The primary teeth serve as guides to help the permanent teeth
erupt in their proper position. If primary tceth are lost too early,
this guiding function is apt to suffer. The dentist often places
a space retainer in the mouth when a primary tooth is lost, to keep
the dental arch from changing shape until the permanent tooth
is ready to eome through the gum. The premature loss of either
a primary or a permanent tooth is likely to result in the drifting
and irregular arrangement of the remaining teeth.

Many deformities, such as those already mentioned, can be ad-
justed by the use of special appliances, or bands, to widen the
jaw and to move the teeth slowly into proper position.

Our jaws are smaller than those of our remote ancestors and
sometimes there is not enough space for the wisdom teeth to
erupt. They become impacted or wedged into the jaw in abnor-
mal positions. Often they do no harm, but if they cause pain
the dentist can locate them with the x-ray and remove them if
necessary.
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illness during the period of enamel formation. causes hypoplasia,
or imperfect development of the enamel. Minute pits and fissures
occur, at the bottom of which the dentin of the tooth may be ex-
posed.

Ascorbic acid deficiency may result in defective dentin, degenera-
tion of pulp tissue, imperfect calcification, loosening of teeth, and
absorption of the alveolar or bony processes in which the teeth are
set (periodontal disease or periodontoclasia).

Studies with animals have shown that vitamin D is important
in guaranteeing the formation healthy teeth.

In loecalities where the drinking water contains fluorine in a
concentration greater than one part per million, a tooth defect
known as mottled enamel, or dental fluorosis, ocecurs. Dark brown,
light brown, or chalk-white patches appear on the permanent
teeth. There is evidence that a drinking water content of
about one part per million of fluorine aids in the development of
hard, decay-resistant teeth. Further studies are in progress upon
the effect of fluorine upon both the teeth and the general health.

The health of teeth is closely related to general health, and the
hygiene of developing good teeth involves the avoidance of dis-
ease, particularly the communicable diseases of childhood, as well
as the procurement of a diet rich in such protective foods as milk,
meat or fish, eggs, fruits and vegetables.

Caries.—Next to common cold, tooth decay is probably the most
common disease of man. About 96 per cent of children have some
decay by the age of 5 years. The caries rate is highest in teen-age
children and higher in girls than in boys. More than nine-tenths
of all permanent teeth lost during school age are sixth year molars.

In spite of its prevalence one can hardly conclude that caries
is a natural or unavoidable condition. Tooth decay is not com-
mon among the lower animals. It has been by no means universal
in man. Groups of persons may still be found in various parts of
the world among whom tooth decay is practically unknown. And
yet we must admit that we do not have sufficient knowledge to
prevent it, although it can be controlled or checked successfully
with adequate dental supervision.

The general nature of tooth decay is well understood. First,
a chalky white area appears on the enamel which becomes decal-
cified and washes away. Then a small cavity appears, and this
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continues into the softer dentin where it spreads in all directions.
Decay may start in a pit or fissure where imperfect enamel forma-
tion has left the dentin exposed. Bacteria are present and pene-
trate into the dentin tubules. They form acid which dissolves
the tooth structure. Unless the process is arrested, bacteria reach
the pulp; the nerve and blood vessels are disintegrated and fre-
quently an abscess, producing swelling and intense local pain, de-
velops at the tip of the root of the tooth. Tooth decay progresses
more rapidly in some persons than in others.

We are much less certain of the immediate cause of tooth decay.
Acid formation in the mouth by the action of certain bacteria was
carly suggested as the cause. Diet has been studied in relation
to sugar, starch, amino aecid content, inorganic salts, and vitamins.
It is possible that heredity, systemic disease, malnutrition, faulty
tooth construction, endocrine disturbances, the nature of the
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saliva, and still other conditions may be contributing causes of
tooth decay.

Diseases of the Soft Tissues.—Inflammation of the gums, or
gingivitis, is sometimes mild and easily curable, and sometimes
much more serious. It is commonly associated with vitamin C
deficiency (sce diseussion of ascorbic aeid deficiency and seurvy).
Other causative factors are lack of oral cleanliness, tartar deposits,
malocelusion, bacterial infections, systemie diseases, and such
chemical poisons as mercury, lead, and phosphorus.

Periodontal disease, often called pyorrhea, is an infection of the
gums with pus-forming organisms. The red and tender gums
recede. They bleed easily and exude pus at the margins. Foul
breath and digestive disturbances are common accompaniments.
It is usually, but not always, associated with lack of oral cleanli-
ness. The cure of the condition lies in adequate dental treatment,
and not in the use of any particular tooth paste or powder. Ade-
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quate diet with sufficient ascorbic acid is important.

Trench mouth, or Vincent’s infection, is a serious and com-
municable oral disease,

Care of the Mouth and Teeth.—The care of the mouth and
teeth with the control of tooth decay has three phases:

Poor occlusion corrected by orthodontic treatment. (From Dewey-Ander-
son: Praotioal Orthodontics.)

1. Regular Dental Care.—One looks to his dentist for guidance
in all matters that pertain to the well-being of his oral structures.
Regular visits every three months, or at such periods as the den-
tist recommends, should begin when the child is 2 years of age
and continue throughout life. By direct exploration and by the
use of the x-ray the dentist discovers, early, minute cavities and
other undesirable conditions.

Prompt corrective treatment of these small cavities is in-
stituted with little or no discomfort to the patient, with minimum
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loss of tooth structure, and at minimum expense. To delay treat-
ment and allow tooth decay to progress would result in pain and
probably in the loss of the tooth.

In the case of the child the dentist watches the development of
the dental arch, and prevents or corrects malocclusion. In later
life lost teeth are replaced to prevent unsightly gaps and the de-
velopment of wrinkles on the face. When the natural teeth are
lost, artificial teeth restore chewing power and normal speech, and
improve the appearance. New artificial dentures are needed from
time to time due to the gradual shrinking of the jawbone.

Microscopic section through a decayed tooth, showing tubules packed with bac-
teria. (Miller.) (From Fones: Mouth Hygiene. Courtesy Lea & Febiger.)

Today the expectant mother visits her physician and her den-
tist early in pregnancy and follows their advice in having dental
work done and in the home care of the teeth.

2. Diet and Nulrition.—Although our knowledge of the relation
of nutrition to decay is incomplete, there is some evidence that a
well-balanced diet during childhood gives considerable protection.
This protection may come through proper development of the
teeth. It may come through helping the tecth to erupt in their
proper positions, thus facilitating the cleansing of the teeth and
giving less opportunity for the retention of quickly fermentable
sugars and starches. The restriction of sugar in the diet is widely
recommended.



Important also is the
habitual use of fibrous
foods requiring vigor-
ous chewing. They
stimulate the cireula-
tion in the tissues
around the tooth. Hard
breads, raw vegetables,
certain  fruits, and
meat are such foods.

3. Mouth Hygicne.—
Cleanliness of the
mouth probably aids in
the control of tooth
dceay by removing
(H, Armstrong Rober}s) fermentable food

An attractive smile is an asset. debris. Fermentation

in the mouth begins
within a few minutes. Thercfore, the ideal proeedure would be
to clean the teeth alter each meal with a satisfactory toothhrush, a
safe dentifrice, and dental floss, followed by a thorough rinsing
of the mouth with water.

A tooth paste, powder, or liquid dentifrice is used merely to
aid the brush. So far as is known, none of them contains any sub-
stance which will in itself prevent tooth decay. We have no
specific caries preventive. Several agents ineluding fluorine,
tryptophane, and other drugs are being studied. Ordinary table
salt or baking soda, or a mixture of equal parts of each, may be
used effectively in place of a commercial tooth paste.

Rinsing helps to remove the food particles after brushing and
to keep the mouth clean and sweet. Salt and water or water alone
is a good rinse.

Brushing the teeth should be started when the child is about 2
years old and the mother should brush the child’s teeth daily
with a very small brush until he is old cnough to do it himself.
Ior adults dentists commonly recommend a brush with a straight
handle and a head with two rows of not more than six bristle
tufts each, set fairly well apart so that they can be easily cleaned.
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A good toothbrush will not shed its bristles in the mouth. It is a
good plan to have two toothbrushes for alternate use so that they
can become thoroughly dry before use and retain their stiffness.

The teeth should be brushed away from the gum with a rolling
or sweeping motion. The grinding surfaces should be brushed with
a slight backward-and-forward and side-to-side motion. The
tooth surfaces next to the tongue should be brushed as carefully
as those next to the cheeks.

The teeth should be brushed after each meal, care being taken
to cleanse all the surfaces. Thorough brushing will help to pre-
vent the accumulation of plaques or jellylike patches of muein
from the saliva. Even careful brushing of the teeth may not
keep them entirely free from a limelike deposit called fartar,
formed by mucin and minerals from the saliva. For this reason,
oral prophylaxis is desirable at least once or twice a year. At this
time the dentist or dental hygienist removes tartar and stains, and
polishes the teeth.

Dental floss, used under instruction from the dentist, helps to
remove any particles that may remain between the teeth after
brushing. The silk should be passed through the contact points,
held closely to the surface of the teeth and carried upward or
downward as far as the gums. Care must be taken not to injure
the soft tissues. It is rarely necessary for children under 10 or
12 years of age to use dental floss.

‘When the toothbrush and dental floss are not available, a tooth-
pick is often used to clean the proximal surfaces of the teeth after
eating. An orangewood pick, with a smooth flat blade or a quill
is preferred, and care should be taken not to injure the soft tis-
sues or to push the gingivae away from the surfaces of the teeth.
It is this danger that leads many dentists to advocate that no
toothpick be used under any circumstances. Too often people
blindly and violently thrust the toothpick between the teeth in
an attempt to relieve some slight irritation, and bleeding of the
gums results. Another vicious and unsightly habit is the pro-
longed use and chewing of the wooden toothpick from which
splinters detach and irritate the membranes of the mouth and
throat.

The eating of a raw, slightly acid fruit, such as an apple,
orange, or grapefruit, at the end of a meal or at bedtime has been
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recommended as hygienic in scrubbing the teeth, stimulating the
mucous membranes and the flow of saliva, and leaving the mouth
in a condition in which acid-forming bacteria are less likely to
multiply.

Summary.—The following items might be set up in an ideal
mouth-hygiene program for the family:

1. Proper dental care, oral hygiene, and diet for the expectant
mother.

2. Breast feeding for the infant, if possible, in order to obtain
optimal growth and development. The vigorous use of the oral
struetures in nursing may also aid in their development.

3. The avoidance of thumb-sucking in childhood and mouth
breathing, both of which tend to narrow the dental arch and
deform the jaws.

4, The provision during infancy, childhood, and adult life of a
diet which is adequate in calcium, phosphate, and vitamins A, C,
and D. This means that the diet of the mother must be adequate
in the case of breast-fed infants. For the baby who is not breast
fed, cow’s milk must be supplemented with such fruit juices as
may be necessary to provide normal metabolism. After being
weaned, the baby should have a diet rich in protective foods with
very little sugar.

5. Daily use of such fibrous foods as meat, apples, raw cabbage,
celery, or carrots to cleanse the teeth by natural means.

6. Regular dental attention every three to six months in order
that pits and fissures of the teeth may be filled as these teeth
erupt, in order that structural abnormalities may be early de-
tected with the establishment of corrective measures, and in order
that teeth may be cleaned and repaired as necessary.

7. The regular and thorough brushing of the teeth in an ap-
proved fashion to reduce the accumulation of tartar, and keep the
mouth clean.
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CHAPTER V
RESPIRATION

Oxidation.—The energy developed by animals is the result of
oxidation within the living cells. This is the most fundamental
chemical activity of living things. Life is dependent on the pres-
ence of oxygen. The jellyfish is so thin that all its cells can easily
secure some of the oxygen dissolved in the water. In man, most
of the body cells are remote from an oxygen supply, since they
are bathed, not by ocean water but by the salty fluids of the body
itself, and the process of internal respiration whereby the body
cells exchange oxygen and carbon dioxide with the blood must be
supplemented by a second process. This is known as external respi-
ration and involves bringing air into contact with the blood stream
in the moist tissue of the lungs where an exchange of the gases
involved in oxidation can take place.

The air we inhale is a mixture containing approximately 79 per
cent of the inert gas, nitrogen, which plays no part in the chem-
istry of respiration, and nearly 21 per cent of oxygen, together
with 0.04 per cent of carbon dioxide and traces of certain other
gases. The air in the lungs is unchanged in its nitrogen content,
but the oxygen content drops to about 16 per cent, and the carbon
dioxide content rises to about 5 per cent. The exhaled air is im-
mediately diluted in the atmosphere so that the actual proportion
of gases in the air we breathe does not vary greatly. Research
has shown that the oxygen in the air may drop to 14 per cent and
carbon dioxide may rise to 3 per cent before the body is unfavor-
ably affected. Such proportions never occur in the air under
ordinary circumstances.

The blood provides the fluid medium that carries oxygen to
the body cells. The oxygen in the lungs is dissolved by the fluids
of the moist epithelial tissues and is picked up by the red blood
cells in the lung capillaries. Oxygen unites in an unstable chemi-
cal compound with hemoglobin from which it readily detaches
itself in the capillaries of the body tissues. Carbon dioxide, one
of the waste products of oxidation, leaves the tissues and is car-
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ried back to the lungs. Both
carbon dioxide and oxygen are
present in the blood at all times,
but the proportions vary in ar-
terial and venous blood.

The Path of the Breath.—--In
normal hreathing the air passes
through the two nostrils into the
nasal chambers. These chambers
are separated from cach other by
a cartilaginous partition, the
nasal septum. Dust is removed
from the air by hairs just inside
the nostril and by the ciliated
mucous membrane lining the air
passages. This ecilinted surface
is moistened by small glands, which produce the clear, sticky
mucus. The waving of the cilia themsclves earries dust partieles
toward the nostril.

(Acme)

Oxygen hunger.

It is important that the air be warm and moist as well as clean
hefore it reaches the lungs. The surface of the nasal chamber is
increased by the shelves on its outer wall, formed by the furbinate
bones which, with their covering epithelium, protrude into the
passage. The maxillary, sphenoidal, ethmoid, and frontal sinuses
communicate with the breathing passage through relatively small
openings and provide an extension of the warm, moist membrane
with which the air may come in contact. These sinuses or cham-
bers also reduce the weight of the hones in which they are located
and serve as resonators for the voice.

I'rom the nasal cavity the air passes into the nasal pharynx—
that part of the pharynx which communicates with the nose and
lies back of and above the soft palate. llere, on the right and left
sides, are the openings of the Kustachian tubes. On the dorsal
surface is the pharyngeal tonsi, the enlargement of which produces
adenoids.

The air now reaches the oral pharynx that lies beyond the mouth
and communicates with it. On the right and left sides of the
pharynx are the true, or faucial, tonsils. .
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The surface of the tonsils is not smooth but contains small de-
pressions or crypts. The tonsils consist of lymphoid tissue and
communicate with the lymph nodes in the neck. These lymph nodes
are commonly swollen when the tonsils are infected. It is thought
that the tonsils protect the body from bacteria by retaining and
destroying some of the microorganisms that enter through the
nose and mouth,

Anterior
Cranial fossa
Crista galli

Frontal air
sinus

Orbit

Superior concha
(anterior end)

Middle concha

BEthmoid air cell

Middle meatus &g

Maxillary sinus 4

. Tnferior concha
Inferior meatus

Hard palate

Diagram of a vertical section through the nose showing how the surface
of the breathing passages is increased by sinuses and turbinates. The tur-
binates, or nasal conchae, are scroll-like processes of bone. The maxillary
sinuses, the ethmoid air cells, and the right frontal sinus are shown. (From
Francis: Fundamentals of Anatomy.)

The small lingual tonsil is located at the back of the tongue. The
chronie cough which frequently results from excessive cigarette
smoking may be due to the irritation and swelling of this tissue.

In the oral pharynx the paths of food and air cross. The air
moves on to the laryngeal portion of the pharynx, past the epi-
glottis into the larynzx, or voice box. The epiglottis is a small fold
of tissue that closes the opening to the larynx during the act of
swallowing. While food is prevented from entering the air pas-
sages except in rare cases, it is inevitable that food in being swal-
lowed will carry some air into the esophagus.

The air passes over the vocal cords within the larynx and goes
on to the trachea which divides into the left and right bronchs.
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These divide into tubes which, in turn, subdivide into numerous
smaller tubes called bronchioles, leading to the thin-walled air sacs,
or alveoli, of the lung. The shape of the larynx and the circular
form of the trachea and bronchi are maintained by rings of carti-
lage in the wall. You will be able to follow the path of the breath
by referring to the following illustration.

Frontal air sinus

i
& e

/8
vy
Superior concha - ;

Middle concha;

Ethmoid air cell
Sella tureica
Sphenoid air sinus

Inferior .
conch]a RS 7 Auditory tube
Htlué P Torus tubarius
palate

Soft palate

Tongue

Genioglossus muscle
Epiglottis
Mandible Valiecula
Geniohyoid muscle L
Mylohyoid musele Hyoid bone
y_Vestibule of

\ larynx

- Ventricular fold
Middle

compartment of larynx

Thyroid cartilage

Vocal fold
W
Hwihams
Anteroposterior section of face and neck showing the path of the breath. A
frontal sinus, a sphenoid sinus, and an ethmoid air cell are shown. Note
the location of the Eustachian or auditory tube. (From Francis: Funda-
mentals of Anatomy.)

The lungs are interesting for their delicate spongy structure and
for the remarkable elaboration of surface which is secured by the
formation of the thin membranes into a great many small sacs. If
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the lining membrane of the air sacs from the three lobes of the
right lung and from the two lobes of the left lung could be stripped
off and made into a continuous sheet, it would produce a surface
approximately one hundred times the arca of the skin that covers
the body.

Thyroid cartilage

Cricoid cartilage

Cartilage
rings of trachea

Aorta.  : —_—

Location of pulmon-

ary artery Location of pulmon

ary artery
Left bronchus

Larynx, trachea, and bronehi. (From Weeder: Bundy'’s Anatomy and
Physiology. Courtesy The Blakiston Co.)

The only point of attachment for the lungs is at the entrance of
the bronchial tubes and blood vessels. The lungs are not attached
to the chest wall. Each lung is surrounded by a delicate serous
membrane (the pleura), which also lines the chest cavity. A
serous secretion keeps the pleura moist and smooth so that there is
little friction during the movements of the chest walls in breathing.

The Mechanics of Breathing.—In prineiple, the chest cavity
operates like a bellows, the lungs playing a passive role. Its
rhythmie changes in size are brought about by muscular activity.
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About 500 c.c. of air are drawn into the lungs and expelled in a
normal respiration, while 1,500 ec.c. of reserve air are ordinarily
left in the lungs at the moment expiration is complete.

-Larynx,
Right common__ __ __
carotid artery. Trach
Subclavian T [rachea.
arteries. —— Subclavian

arteries.

Innominate
artery.

Arch of aorta.
Right lung.

Superior vena
cava.

Right auricle,

Organs of the thoracic cavity. (Ingals.)

Capillary

Diagram showing structure of an alveolus.

Many muscles are involved in the breathing movements, the
most important of which is the diaphragm. It is a dome-shaped
structure, containing radially placed fibers and forming the floor
of the thoracic cavity. As it contracts, it flattens down, increasing
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the size of the chest cavity and pressing against the abdominal
organs. At the same time, other muscles pull the ribs outward
and upward to increase further the size of the chest cavity. In
expiration the ribs drop downward and inward, and the relaxed
diaphragm is pressed upward by the abdominal organs as the
musecles of the abdominal wall contract. Expiration is largely a
passive movement except when forced.

Trachea

First rib

Lung

Diaphragm

INSPIRATION

The mechanics of breathing showing the position of the diaphragm and ribs
at expiration and at inspiration.

EXPIRATION

We see that normal breathing involves a considerable movement
of the organs of the abdomen, and this serves digestion indirectly.
The diaphragm has been called ‘‘the piston of the body.”” It is
certainly important that we should train this musecle to function
properly and that we should maintain the posture which will per-
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mit it to do so. The round-shouldered position, with its dropped
chest and protruding abdomen, interferes with the mechanies of
normal breathing. The ribs are pushed downward and the normal
expansion of the lungs is prevented.

The rate of breathing varies with the individual and with his
state of activity, the usual being 16 to 18 respirations per minute.
Some persons breathe as slowly as twelve times per minute and
others as rapidly as twenty times. The rate and the depth of
inspiration are both controlled by the respiratory center in the
medulla oblongata, which acts primarily in response to changes in
the carbon dioxide content of the blood. We know that earbon
dioxide is the result of cell activity and that it is produced in
greater quantity as the rate of oxidation increases under the con-
ditions of bodily exercise. Due to the action of the breathing
center, the end result of this condition is an inecrease in the depth
and frequency of breathing so that more oxygen is provided to the
cells of the body for their inereased rate of oxidation.

Breathing and Health.—Proper breathing carries air to all por-
tions of the lungs so that there are no ‘‘inactive’’ areas. It pro-
vides the blood stream with enough oxygen to meet the full needs
of the body cells. It provides enough movement of the visceral
organs to aid in digestion. During active exercise nature takes
care of the process of breathing without any thought on our part.
Breathing becomes more vigorous, circulation more rapid, and
oxidation in the body cells more extensive, The muscles of breath-
ing, as well as other muscles of the body, are toned up and
strengthened. The sedentary worker needs some vigorous exercise
daily.

Benefits have been claimed for deep-breathing exercises, but
opinion is divided as to their value. It is, of course, desirable to
learn to breathe properly. The person who uses only the upper
chest in breathing, or whose body mechanics make normal breathing
difficult, needs to train himself to put the body in the right position
and to use the muscles properly, developing both the abdominal
and chest muscles. It is undoubtedly better to secure deep
breathing by suitable and interesting outdoor exercise than to try
to do it by the conscious control of breathing.

The Hygiene of the Voice.—The organs of breathing, together
with the vocal cords, are the agencies of speech. Few persons
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give thought to the hygiene of the voice, yet a pleasing voice is
one of the most important social, business, and professional assets
of a person, Moreover, the proper use of the voice is directly
related to the health of the vocal organs.

The vocal cords are like the reeds of a wind instrument. The
tone is determined, not by the amount of air which rushes past
them, but by their state of contraction and by the shape and
resonance of the air passages of the mouth and nose. When
speech is carried on with the lungs well filled, the air movement
initiated by the diaphragm, the throat relaxed, and the upper part
of the respiratory tract free and vibratory, the voice may be made
clear and musical, with adequate carrying power and without
fatigue. The difference between the proper and improper use of
the voice is often noted in persons whose tones are poor in ordi-
nary conversation but good in sudden exclamation or in longer
expressions when joyous emotion provides automatically the
proper conditions for speaking. Indeed, there are some persons
with poor speaking voices but fairly good singing voices. Train-
ing in the proper method of speaking plus good general health
will usually produce a voice of pleasing and satisfactory quality.

Mechanical Obstruction to Breathing.—Various conditions in-
terfere with normal nasal breathing. During acute stages of a
cold we are unable to breathe through the nose, and chronie colds
may produce sufficient hypertrophy of the mucous membrane to
make nasal breathing difficult. Dust and smoke in the air or ex-
cessive smoking may have the same effect. There may be a
deviation of the septum of the nose resulting from injury or very
uneven growth before birth. Sometimes a spur of bone is formed
by the irregular growth of the septum on one side. Occasionally,
small bodies of soft tissue called ‘‘polyps’’ are found hanging in
the nasal passage by small stems or stalks from the mucous mem-
branes. Adenoids and enlarged tonsils offer obstructions in the
breathing passage that commonly cause mouth-breathing and
should receive medical attention.

The body has various mechanisms for removing fluid or other
foreign materials which may accumulate in the breathing pas-
sages and obstruct respiration. The sneeze is an involuntary mus-
cular reaction to such foreign materials in the upper respiratory
tract. The lower air passages have three mechanisms for remov-
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ing offending substances: (1) the action of cilia, which are able
to move fluid or dust particles toward the mouth; (2) musecular
or peristaltic movements of the bronchioles to push materials into
the larger bronchi; and (3) the cough reflex. Thus, coughing
should be regarded as a protective device.

The Effects of Mouth-Breathing.—Ilabitual mouth-breathing
may have several unfortunate results. The voice is likely to be
nasal; sinus and middle ear infections commonly result {rom the
continued congestion of the nose and throat; and the person is
likely to have more protracted eolds.

The air passages of the mouth and nose showing their relationship to the
adenoids and tonsils.

Mouth-breathing is partiecularly unfortunate for the child. The
lower jaw drops, the tongue falls away from the palate, and the
cheeks press inward. The facial contour changes. The palate be-
comes high, the chin narrow, and the nose small and narrow from
disuse. The voice takes on a nasal quality, and the face acquires
an expression of dullness. The open mouth further contributes
to this unfortunate appearance. The failure of the body to secure
enough air may result in mental dullness and imperfect nutrition.
Difficulty in breathing is likely to cause disturbed sleep.
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Diseases of the Respiratory System.—The diseases of the re-
spiratory system may be logically divided into three groups. One
group includes those illnesses that arise from industrial, working,
or environmental conditions, such as caisson disease, injuries due
to dust inhalation, mountain sickness, asphyxia, and carbon mon-
oxide poisoning (see Index for specific references).

The second group represents the important communicable dis-
eases which are discussed later with respect to their nature and
community aspects (common cold, pneumonia, tuberculosis).

The student and instructor may or may not prefer to consider
some of the diseases of the first and second groups in this chapter.
It does seem logical to consider here the third group which com-
prises certain chronic diseases.

Sinusitis, an inflammation of one or more of the sinuses, de-
velops through the spread of infection from the nasal passages
into the area in question. An acute infection of this type not
infrequently follows common cold and produces headache with
pain centering in the region of the invaded sinus. Where the
opening to the sinus is narrow, a chronic sinusitis is particularly
likely to develop. This inflammatory condition may be either
catarrhal or suppurative, and may exist for a long period with-
out being recognized, since local symptoms are not always present.
An x-ray examination is helpful in detecting the inflammation.

Many cases of sinusitis would probably be avoided if persons
took prompt care of ordinary colds and were careful to blow the
nose gently. Water that enters the breathing passages while
swimming is undoubtedly responsible for some of the cases.

A catarrhal or suppurative inflammation of the middle ear may
be produced by the spread of an infection through the Eustachian
tube. Fluid may collect, produce pressure on the eardrum (ear-
ache), and perhaps cause a break in the eardrum and a ‘‘running
ear.”” The infection may spread to the mastoid cells or spaces
in the temporal bone of the skull, since these are connected with
the middle ear cavity. In some cases, a mastoid abscess is formed
which demands surgical treatment.

An infection of the nose and throat may extend down into the
larynx or the bronchi, producing a laryngitis or a bronchitis, which
may be either acute or chronic. The incorrect use of the voice
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or the irritating effect of smoke may also cause an inflammation
of the vocal cords.

The infection of the tonsils, tonsillitis, is usually accompanied
by a rise in temperature, a sore throat, and by difficulty in swallow-
ing. Sometimes an abscess develops near the tonsil (quinsy sore
throat or peritonsillar abscess) and produces acute pain until the
pus is released. Enlarged tonsils are found in many children.
As a rule, they tend to shrink after childhood, and they are not
necessarily injurious. If they obstruct breathing or predispose
the person to acute infections of the throat, their removal is usually
advised. Acute tonsillitis sometimes causes rheumatism and endo-
carditis by setting up a secondary infection in the joints or on
the heart valves.

Pleurisy is an inflammation of the pleural membranes lining the
chest (usually caused by bacteria), commonly producing a dry
surface, so that the two layers cause pain as they rub against each
other. When pus forms, the condition is known as empyema.

Hay fever is a distressing, and often a disabling disease, co-
ineiding with the pollination of certain plants. It is due to irri-
tation caused by a protein in the pollen from some plant. The
localized symptoms are itching, burning, weeping, and sneezing.
The patient complains of congestion of the nose, of constant secre-
tion from mucous membranes, and often suffers from asthmatic
breathing. Hay fever is likely to be augmented when wind widely
disperses the pollen. It is often relieved when rain washes the air
free of its disturbing presence. Air conditioning in homes and
offices removes pollen from the air. Some progress has been made
in eradicating ragweed and other offending plants in certain
areas.

The first step in prevention or cure is to discover the particular
sensitizing pollen. This is done by placing dilute solutions of dif-
ferent pollens upon a series of shallow scratches made in the skin
of the forearm. The pollens to which the person is sensitive, or
allergic, produce transient swellings which look somewhat like
mosquito bites. Others produce no reaction. Once having dis-
covered the offending pollen, the person may be able to keep away
from it. If not, it is worth while for him to seek treatment with
a series of inoculations with the pollen in question, beginning a
couple of months before its season. These treatments may need
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to be repeated for a few years, and the degree of improvement
‘may vary with different persons, but definite benefits are usually
obtained.

Symptoms similar to those of hay fever may also be produced
by wind, dust, dry hot air, very cold air, sudden chilling when
warm, and by the reaction to certain foods, as well as by the
common cold. .

Asthma is a general term loosely applied to difficult breathing.
It is a condition arising from inhalation, ingestion, or absorption
of some of the proteins of pollens, foods, epidermis (including
dried skin, dandruff, hair, feathers), or bacteria. Like hay fever
it is g protein reaction and is subject to the same principles of
prevention and treatment. Direct medieation with such a sub-
stance as Benadryl often provides relief from some of these
respiratory allergies. (See further discussion of allergy in the
chapter on Immunity.)
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CHAPTER VI
CIRCULATION

Structurally, the circulatory system consists of a fluid medium,
the blood, a muscular organ which serves as a force pump, the
heart, and a closed system of branching tubes through which
blood circulates, the arteries, capillaries, and veins.

The Blood.—The blood with its various constituents makes up
approximately 7 per cent of the weight of the body. Its volume
in the adult usually varies from four to five quarts. Blood car-
ries two groups of constituents: (a) substances which arg specific
Darts of the blood, and (b) nutrients and waste materials in transit.
The : specific parts of the blood include Inorganic saJts, plasma pro-
tein, immunizing agents, blood cells, blood platelets, and water.
“Tnorgamic salts function determining the osmotic pressure of
the blood, which must be kept in equilibrium with that of the
body cells and the red blood cells. Calcium is essential in pro-
ducing the chemical changes necessary in the coagulation of blood
and in influencing the rate of the heartbeat. Phosphorus -helps
to maintain the neutral state of the blood. Iron is the essential
constituent of the oxygen-carrying compound in red corpuseles.

Plasma protein makes up from 7 to 8 per cent of the weight of
the plasma, or liquid portion of the blood. One of the plasma
proteins, fibrinogen, is essential in the clotting of the blood. A
number of chemical changes are involved in the formation of a
clot, but essentially it is brought about by the precipitation of
fibrinogen as a fine network of fibrin needles whenever blood
passes outside a blood vessel and comes in contact with other sur-
faces. The accumulation of red corpusecles in th1s mesh produces
the clot.

The immunizing agents present in the blood consist of (1) for-
eign, water-soluble proteins which act as antigens, and (2) col-
loidal substances of unknown chemical nature, the antibodies.
The latter are produced by the body cells following stimulation
by an antigen and give partial or complete immunity to the specific
disease.
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The blood cells include red corpuscles (erythrocytes) and white
corpuscles (nucleated blood cells). There are approximately five
million red corpuscles per cubic millimeter of blood in healthy
adult males and four and one-half million in females. Their cells
are small, pale red, biconecave disks, about 34,¢¢ millimeter in
diameter. They are not nucleated but are composed of a stroma
that has the same composition as living protoplasm. The mesh-
work of the stroma of the red cell holds hemoglobin, a complex
protein containing iron.

Red blood cells originate in the red marrow of the bones. About
one billion red cells per minute are given off into the blood stream
to balance the cells which are constantly disintegrating. The
spleen aids in this disintegration and the liver in the conversion
of the red cell constituents into substances that can be used again
in the body. The function of erythrocytes in respiration has al-
ready been discussed in Chapter V.

White blood corpuscles (leucocytes) are living cells, averaging
only about 5 to 7 thousand per cubic millimeter of blood. An in-
crease in number is termed leucocytosis and a decrease, leucopenia.
Changes in the number of white cells accompany certain diseases,
and for this reason, the blood examination is important in diagnosis.

Some types of white corpuscles are manufactured in the blood-
forming cells of the marrow of bones, while others are produced
in the lymphoid tissue of lymph nodes. From 60 to 75 per cent
of them, commonly termed phagocytes, are capable of ingesting
and destroying bacteria (phagoecytosis). An invasion of bacteria
into the body immediately attracts a swarm of these ameboid cells
to the site of the infection. The attraction is chemical and is
termed chemotaxis. The leucocytes pass out of the blood stream
between the endothelial cells of the capillary walls. This is pos-
sible due to their ameboid nature. The pus which forms consists
of white corpuscles, bacteria, and an exudate from the blood or
from injured body cells. It is an indication of the defensive pro-
cedures going on and is usually accompanied by the signs of in-
flammation—swelling, heat, redness, and pain in the tissues.

Blood platelets are fragments of certain cells from the bone mar-
row. They disintegrate when the blood is exposed to the air and
funetion in the elotting of blood.
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The Heart.—The heart is a hollow organ, about the size of the
person’s fist, made up of cardiac muscle, that contracts automat-
ically from before birth until death. The amount of work it ac-
complishes is prodigious, the total weight of blood pumped daily
being estimated at ten tons.

Pulmonary artery

Auricle of
left atrium

Right pulmonary
veins

Left

Pulmonary veins

Branch of left

coronary art. Right atrium

Left Coronary sinus

ventricle

Inferior vena cava

Heart, front view. (From Francis: Fundamentals of Anatomy.)

The impulse for the heartbeat comes from within the muscle
itself, and is dependent upon the presence of certain salts, par-
ticularly calcium, in the fluids in contact with the muscle. The
rate of its beat 1s regulated by two sets of nerve fibers: the ac-
celerator and the inhibitor nerves. The rate of the heartbeat
varies somewhat in different persons and in response to specific
demands of the organism at different times. In the adult it is
usually from 65 to 75 per minute. In children it is much higher.
Following each beat the heart has a period of relaxation. This
rest period is shorter during greater activity and longer when the
body is not active. On an average, the heart muscle works, i.e.,
is in a state of contraction, about one-third of the time.

The heart is really a double pump, each side composed of two
chambers, an auricle and a ventricle. The left side of the heart
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discharges the blood received from the pulmonary circulation
through the large aorta to the systemic circulation. The right
side of the heart discharges to the lungs, through the pulmonary
arteries, blood received from the systemic cireulation. It is the
ventricle in each case which serves as the force pump. The
auricles act as receiving chambers only, and their contraction,
which sends the final portion of the blood into the ventricles, is
comparatively slight.

ARCH OF AORTA — AORTA

SUPERIOR VENA CAVA PULMONARY
ARTERY

INFERIOR VENA CAVA

PULMONARY
VEIN

PULMONARY
VALVE

TRICUSPID

VALVE MITRAL VALVE

LEFT VENTRICLE

AT - a CHORDA TENDINEAE

RIGHT
VENTRICLE

Longitudinal section of the heart. (From Haggard: Man and His Body.
Courtesy Harper & Brothers.)

Valves are located at the entrance and exit of each ventricle.
The sounds heard in the heart are due to the closing of the valves.
The heart and the blood vessels are lined with a continuous
serous membrane termed endocardium and endothelium, respee-
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tively. A similar membrane, the pericardium, covers the heart.
The term myocardium is applied to the muscular tissue of the heart.

Blood Vessels,.—The tubes leading from the heart are arteries.
They have thick elastic walls made up of layers of smooth musele
and connective tissue. They branch into smaller arteries or arte-
rioles, with much thinner walls. The inner coat of all blood
vessels, endothelium, is the only layer of cells in the walls of the
capillaries.

When the blood that is forced out of the heart hy the contrac-
tion of the ventricle passes through the artery, it causes an impact
against the clastic walls and produces a distinet beat, called the
pulse.

Vein

. N
Connective (|

tissue 7 ( \
. ) & '
Artery
4 Vein laid
Open Shut open

Left, cross sections of a vein and an artery, Notice the difference of thickness

in the walls. Raght, valves of the vein,

The pressure cxerted hy the blood on the walls of the arteries
is termed blood pressure. Tt depends not only upon the foree of
the heartheat, but also upon the elasticity of the walls of the
arleries, and the resistance offered by capillaries to the escape of
blood into the veins. Blood pressure is measured in millimeters
of mercury. Tt varies with age and other conditions. From 100
to 130 mm. is considered normal in the young adult. Physical
excrtion and cmotional stress increasc blood pressure. Inactivity,
fatigue, and undernutrition tend to lower it. Blood pressure is
usually taken during the physieal examination. Persistently high
or low pressure may be abnormal.

The relaxation or contraction of the circular muscles in the
walls of the arterioles increases or restricts the flow of blood to
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any organ in accordance with its needs. The muscles of the
arterioles are controlled by constrictor and dilator nerves of the
autonomic system. Except in the brain, the heart, and the kid-
neys, the arteries and arterioles communicate freely with each
other.

The thin endothelial walls of the capillary network permit a
constant interchange of materials between the blood and the tis-
sue fluid surrounding the cells of the body tissues.

The rate of flow of the blood within the capillary is very slow.
Each capillary is approximately 0.75 of a millimeter long, but it
requires almost two seconds for the blood to pass through. The
complete circuit of the blood through both pulmonary and sys-
temic circulation requires approximately thirty seconds.

The blood passes from the capillaries to the small veins. Veins
like arteries have the power of contracting and relaxing. Their
walls are impermeable, due to an added layer of connective tissue.
The prompt return of the blood to the heart is an important factor
in determining the force of its beat.

There are several factors that aid in returning the blood to the
heart. The pressure due to the oncoming stream from arteries
and capillaries serves to push it forward. Valves in the veins
prevent the blood from moving back toward the capillaries.
Bodily movements produce pressure upon the soft tubes of the
veins and this forces the blood onward in the direction of the
heart. The chest, in breathing, acts as a bellows which constantly
changes the pressure in the thoracic cavity. A decrease in pres-
sure allows the blood from the smaller veins to flow into the large
veins of the trunk. Each inspiration renews the pressure and
forces the blood onward. Exercise and deep breathing serve to
stimulate the flow of venous blood back to the heart.

The tissue fluid does not return directly to the blood stream but
passes into a closed system of tubes known as the lymphatics. The
fluid in the lymphatics is termed lymph. After it is collected
from various parts of the body, it is poured into the venous blood
stream through two large ducts at points near the heart. Move-
ment of lymph through the lymphatics is similar to the flow of
venous blood toward the heart, and is influenced by the action of
valves, the pressure of bodily movements, and changes in thoracie
pressure. The swelling that occurs in connection with sprains
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and bruises is due to the accumulation of more liquid in inter-
cellular spaces than can be drained off readily by the lymphatics.

Along the course of lymphatic ducts are masses of lymphatic
tissue known as lymph nodes. The enlargement of lymph nodes
near the site of an infection suggests that they may have the
function of catching and destroying bacteria or other harmful
substances.

Circulatory Function.—The functions of the blood may be sum-
marized as: (a) the transfer of nutrients from the assimilation
areas of the digestive system to the tissues where they are util-
ized; (b) the transfer of oxygen and carbon dioxide; (e) the
removal of the waste by-products of metabolism from the region
of the cells to organs of excretion; (d) the transfer of endocrine
compounds to the specific organ or tissue which requires their
stimulation for proper functioning; (e) the regulation of the heat
of the body so that it is maintained at its optimum temperature;
and (f) an aid in the development of immunity to disease.

Heart Disease.—Heart disease is today the leading cause of
death in the United States registration area, producing about 16
per cent of all deaths. It is ordinarily an affliction of the old but
it may occur in youth. With the improvement in the control of
childhood diseases more people now reach those age groups from
which heart disease takes its greatest toll.

Deaths from heart disease may occur with startling suddenness,
but the disease itself is preventable to some extent at least. A
hygienic life makes defects of the heart and blood vessels less
likely. Even after a defect appears, proper regimentation in liv-
ing will enable one to correct or to compensate for it, either
wholly or in part. Heart defects should not cause undue anxiety.
Moreover, not all cases of pain or discomfort in the region of the
heart indicate heart trouble. A regular physical examination by
a competent physician will do much to dispel unnecessary wor-
ries and at the same time make possible proper safeguards for the
care of the heart.

Among the common types of heart disease are the infections
that occur in the inner lining of the heart (endocarditis), in the
valves (valvular defects), in the heart muscle itself (myocarditis),
and in the outer covering (pericarditis), when pathogenic organ-
isms are swept into the blood stream during such acute infections
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as rheumatic fever, tonsillitis, or scarlet fever. Chronie infections,
such as syyphilis, may cause impairment of the heart function.
Coronary thrombosis is the formation of a clot in a branch of the
coronary arteries which supply blood to the heart muscle.

Functional heart disease occurs when, despite the absence of an
organic defect, the heart fails to perform properly. It may result
from impaired merve stimulation, from endoecrine disorders, or
from the use of drugs, such as the heart depressants found in
headache tablets. The effects of alecohol and tobacco on the heart
will be considered later.

Athletic Heart.—It was formerly thought that participation in
competitive athletics places such a heavy demand upon the heart
muscle that it eventually becomes enlarged or hypertrophied.
Such a condition was called ‘‘athletic heart.”” To be sure, vigor-
ous physical activity does increase the work of the heart, and en-
largement does appear, but both these changes are normal and
desirable. It has never been satisfactorily demonstrated that
athletes as a group have a shorter life span due to heart injury. -

Participation in athletics may be seriously injurious to the per-
son with a diseased heart or to the otherwise normal person who is
suffering from an acute infection, such as tonsillitis. Medical
supervision of athletes is, therefore, important. The man or
woman with a normal heart, however, should not forego athletics
through fear of developing an enlarged heart which will injure
health in later years. -~

Defects in the Blood Vessels.—You are familiar with the terms
high blood pressure or ‘‘hypertension’’ and ‘‘hardening of the
arteries,”’ or ‘‘arteriosclerosis.”” Long-standing hyperiension
leads to a constant constriction of the blood vessel walls, which in
time show the increased amount of fibrous tissue and calcareous
deposit characterizing arteriosclerosis. A sudden, unexpected
mental or physical shock may throw undue strain upon these
stiffened, inelastic vessel walls. A ruptured blood vessel wall in
the brain eauses a cerebral hemorrhage with apoplexy and possible
paralysis. Although arteriosclerosis may occur independent of
other diseases and be of unfathomable origin, it is nevertheless
often associated with the heart, as coronary heart disease.

When the venous blood to the heart is obstructed, either because
of constriction or because of pressure, varicose veins develop. Veins.
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under these conditions tend to dilate and to lengthen. Hemorrhotds,
or piles, are enlarged veins in the anus, formed as a result of undue
pressure. The condition is sometimes improved by correcting con-
stipation, though in severe cases surgical treatment may be neces-
sary. Varicose veins may also occur in other places as, for
example, in the veins of the spermatic cord (varicocele) or in the
veins of the ligaments that suspend the ovaries (ovarian vari-
cocele).

Defects of the Blood.—One of the most common defects of the
blood is anemia, a deficiency in hemoglobin, due to a reduction of
red corpuscles or to the quantity of hemoglobin they contain. The
result is anozemia, or lack of oxygen in the blood. Anemia may
also be caused by hemorrhage, by destruction of the red blood cells
from such parasites as those that produce hookworm or malaria, or
by bacteria found in acute or chronic infections.

Hygienic habits play a large part in the prevention or cure of
anemia. One needs a diet rich in green vegetables and foods con-
taining iron compounds, exercise to stimulate the production of red
cells through the increased demand for oxygen, and sunlight to aid
in the formation of hemoglobin.

In pernicious anemia, formerly regarded a fatal disease, the red
blood cells continued to decrease in number until other symptoms
developed and death finally resulted. It is now controllable as a
result of the discovery that the red marrow is able to produce red
blood ecells only in the presence of an ‘‘anti-anemia’’ substance.
The exact chemical nature of this substance is unknown but it is
produced from some element in food by the action of an enzyme in
the stomach. It is the absence of this enzyme that causes the
anemia. Any excess ‘‘anti-anemia’’ substance formed is stored in
the liver, The disease can be controlled either by the addition of
liver or liver extract to the diet or by the enzyme itself, obtained
from the tissues of the pig’s stomach.

Loss of Body Fluids.—The blood contains only one-fourteenth
of the total body water. Yet when more than 30 per cent of it is
lost and not replaced, death usually occurs. The volume of blood
in the body may be reduced by dehydration, by anemia, and by
hemorrhage.

Excessive loss of water from the body is called dehydration.
Some of its causes are (1) lack of liquid intake, (2) excessive loss
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of water in urine, through sweat, or through prolonged vomiting
or diarrhea; and (3) excessive loss of salt from the body. Dehy-
dration is followed by thirst, rise in body temperature, drying
and wrinkling of the skin, loss of weight, and disturbances in
body chemistry.

Certain materials are available for combating dehydration and
restoring blood volume. Salt solutions, administered orally, intra-
venously or subeutaneously, are useful primarily to combat the
loss of body water. Whole blood, given by the familiar blood
transfusion, is used in hemorrhage or in any other condition where
there is marked reduction of blood cells. Both donor and recipi-
ent must have the same ‘‘type’’ blood. Either whole blood or
plasma may be used in the treatment of shock from wounds or
burns.

Blood plasma lends itself well to storage and transportation
and may be shipped great distances for use in remote battle areas.
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The large Red Cross Donor Centers colleet blood, separate the
plasma, and pool it in a ‘‘blood bank.””

Hygiene of the Circulatory System,—Nutrition and rest both
play an important part in the hygiene of the circulatory system.
The heart muscle receives the same nourishment that is sent to
other parts of the body, and its proper functioning is dependent
upon the general state of nutrition. The pulse rate, which is nor-
mally from 60 to 90 per minute, may be as high as 150 or above
during vigorous exercise and may slow down to 60 during sleep.
Obviously, the demands on the heart muscle are increased when
hours of sleep are curtailed. Lack of sufficient exercise may
result in a less efficient heart muscle.

Sluggish circulation, with its resulting anoxemia, leads to cer-
tain bodily disorders. Martin and Weymouth describe the results
of long-continued partial anoxemias as varying from ‘‘merely a
dulling of the senses and intellect and the judgment with marked
fixation of ideas’’ to ‘‘pronounced depression together with gas-
trointestinal disturbances as seen in mountain sickness. In severe
cases epileptiform seizures, pressure paralysis, and coma may
occur. If the anoxemia is prolonged, cardiac, renal, and other
symptoms may develop.’’

Other factors besides sluggish circulation may produce anoxemia.
When carbon monoxide, a product of incomplete combustion, is in-
haled, it ecombines to form ecarbon monoxide hemoglobin in the red
blood cells. These cells are then unable to absorb oxygen.

In high altitudes the blood is not able to pick up sufficient oxygen
due to the low air pressure, and anoxemia results. Most persons
react normally in altitudes up to 6,000 feet. In aviation oxygen is
artificially supplied above this level. People who live at high alti-
tudes tend to become acclimated so that they do not suffer from
lack of oxygen. This acelimatization results from an increase of
hemoglobin in the blood and a change within the red corpuscle that
effects an increase in the percentage of oxyhemoglobin formed.

A normal mental attitude toward health is particularly impor-
tant in maintaining the hygiene of the circulatory system. A state
of apprehension regarding one’s heart is both undesirable and un-
necessary. Hereditary tendencies toward heart disease can be
largely overcome, and organic or functional defects can be com-
pensated or corrected by proper care. To know onpe’s limitgtions
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and to adjust one’s daily regimen to these, giving due attention
to regular suitable exercise, adequate nutrition, and sufficient rest,
are all important in maintaining general health through the proper
functioning of the organs of circulation.
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CHAPTER VII
THE KIDNEYS

In considering the metabolic processes of the body we have not
yet discussed the elimination of protein waste. Nitrogenous
wastes produced in the tissues are converted into urea by the liver
and, to some extent, by all body cells. This urea is taken from the
blood by the kidneys and is discharged from the body in the urine.
In addition the urine contains considerable quantities of inorganic
salts.

The kidney is one of four channels for excreting waste sub-
stances from the body. The others are the skin, the alimentary
canal, and the lungs. The skin ordinarily throws off little besides
water and salt. The alimentary canal eliminates certain salts and
bile pigments. Carbon dioxide and water vapor are discharged by
the lungs.

Structure and Function of the Urinary System.—The kidneys
are a pair of bean-shaped organs, each a little smaller than the
fist and weighing about a quarter pound, lying at the back of the
abdominal cavity and outside of the peritoneum at the level of
the lower ribs. They are surrounded by pads of fat and are well
protected by the large muscles of the back, which lie outside of
them. They are rarely injured except by sudden, sharp blows.
The circulating blood goes through the kidneys. The renal arteries
and renal veins are shown in the accompanying illustration.

The kidneys continuously prepare urine from the various waste
products taken from the blood and pass it on through two long,
slender tubes, the ureters, to the bladder. This sac stores the
urine from both kidneys until a considerable quantity is gathered,
when it is discharged. The capacity of the bladder is about one
pint. Micturition is controlled by two muscles. The first is an
involuntary musecle in the wall of the bladder where it opens into
the urethra. It opens when the bladder has filled to a certain
pressure. The second valve around the urethra after it has left
the bladder is under voluntary control. This control is obtained

116



Kidneys 117

by training in infancy. It may be lost during unconsciousness
The bladder is a muscular organ. It is made tense by excitement
or anxiety. If micturition is prevented, the bladder may subse-
quently relax for a time.

The kidneys and their blood supply. (From Camp: Anatomical Studies.)

The kidney has other functions besides the excretion of nitroge-
nous wastes. It is important in the maintenance of the acid-alkali
balance of the body, in holding the proper salt concentration in
the blood, and in detoxicating certain compounds.
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The outer portion of the kidney, the cortex, is made up of some
2,000,000 functional units, each consisting of a knot of capillaries
(glomerulus) surrounded by a two-walled capsule from which con-
ducting tubules lead into the basin or pelvis of the kidney.

The exact physico-chemical nature of the kidney funetion is not
understood. The fluid from the blood stream, with its dissolved
substances (except proteins and phosphatids), passes through the
walls of the capillaries and makes its way through the inner wall
of the capsule. It then flows along a convoluted tubule. The
cells in the walls of the tubule are glandular in appearance and
are richly supplied with blood. By absorbing some substances
and by secreting others they change the composition of the fluid
to that of urine.

Capillaries surrounding the tubule reabsorb some of the water,
and thus concentrate the waste substances in the urine. The ex-
cretion of waste through the kidneys is thus seen to be something
more than a mere mechanical filtration process.

The amount of urine secreted is determined in part by the
amount of liquid in the diet. Usually from two to three pints of
urine are secreted every twenty-four hours. We know that a
liberal water intake is an aid to normal kidney function. This is
particularly true during illness from such diseases as tonsillitis,
diphtheria, and scarlet fever, where toxins are liberated into the
blood and need to be eliminated from the body. Moreover, fever,
which is characteristic of these diseases, leads to undue loss of
water from the body through perspiration. A liberal water intake
is necessary to combat this water loss. .

Another factor that influences the rate of kidney secretion is
the pressure of the blood passing through the kidneys. This, in
turn, may be modified by certain mental and physical states.
Thus worry or strenuous athletics, by increasing blood pressure,
may augment the rate of urine secretion.

A cold external temperature increases the amount of urine se-
creted by sending the blood from the skin to the internal organs;
conversely, muscular activity with sweating reduces the amount
of urine by eliminating a considerable amount of water from the
gkin. Too rapid cooling of the body after exercise may lead to
congestion of the kidneys. This explains why it is advisable to
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protect the body with a wrap following strenuous athletics. Cer-
tain chemical substances (diuretics), including tea, coffee, alcohol,
and certain drugs, increase the secretion of urine. The hormones
adrenalin and pituitrin exert suppressing and stimulating effeets,
respectively, on the rate of kidney secretion.

Artery

Bladder—j

Internal
sphincter

External
sphincter

Urethra

The urinary system.

In health the constituents of the urine do not vary greatly, but
unusual conditions of the body can often be detected by looking
for certain end products in the urine. When certain substances
in the blood, as sugar, acids, or alkali, are increased to concentra-
tions above normal, they are eliminated by the kidney. Both
albumin and sugar may be present following periods of intense
anxiety or excessive exercise. Chemical study of the urine some-
times discloses the presence of much sugar which, together with
other symptoms, suggests diabetes. Albumin may indicate disease.
Microscopis study makes it possible to see evidences of bacterial



Kidneys 121

infection in the urinary tract. Thus urinalysis is so valuable in

helping to determine the person’s state of health that it usually
accompanies the health examination.

CONVOLUTED TUBULES
FIRST SECOND

LOOP OF HENLE
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“COLLECTING TUsYE <

VEIN
(From Zoethout-Tuttle:

Diagram illustrating blood supply to renal tubule.
A Textbook of Physiology.)

The Hygiene of the Kidneys.—We have already mentioned the
desirability of sufficient water to keep the kidneys flushed. Nor-
mal exercise is beneficial to the kidneys, primarily because it im-
proves circulation. The continued eating of a great excess of
protein food may put an undesirably heavy burden upon the kid-
neys, if they have been damaged by disease. Eskimos normally
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get 45 per cent of their calories in the form of protein as com-
pared with 10 to 15 per cent in our diet. This fact suggests that
a diet which is well balanced does not provide too much protein
for normal kidneys.

It is believed that ‘‘hollow-back posture’’ may sometimes inter-
fere with normal kidney function and produce albumin in the
urine. Frequent urination and burning sensations in the urethra
may follow the excessive use of foods or beverages containing large
amounts of pepper, ginger, and other spices. Acid urate or
alkaline phosphate crystals may produce a similar irritation if the
acid-alkaline balance of the diet is destroyed by too much acid-
producing food or too much alkaline-producing food.

Kidney Disease.—The term ‘‘Bright’s disease’’ is used to de-
scribe a number of pathological conditions of the kidney due to
varied causes and resulting in interference with normal kidney
function. This disease now ranks third among all causes of death
in the United States. One of these conditions is acute nephritis,
which may follow scarlet fever or other infectious diseases in child-
hood. It usually yields to rest, proper medical care, and the
avoidance of high protein foods, tobaceo, aleohol, or other stimu-
lants. It is sometimes produced by mercury poisoning; this
type is often fatal. Another condition is chronic nephritis that
commonly occurs in older persons. It usually follows a persistent
local infection, such as may oceur in teeth, tonsils, or sinuses.
Nephritis, either acute or chronie, is not due to bacterial infection
of the kidney but apparently to toxins which come to the kidney
from other parts of the body.

There are various other disorders of the excretory system, inelud-
ing those due to enlargement of the prostate gland in elderly men
or to kidney or bladder stones. Kidney disease, however, is not
as common as the patent medicine advertiser frequently implies.
Some symptoms most frequently stressed in this advertising, such
as pain in the back or sugar in the urine, are not necessarily char-
acteristic of kidney disease. Hygienic living, periodic health
examinations, and medical service instead of self-treatment are
the common-sense procedures in avoiding the development of
diseases of the kidneys,
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CHAPTER VIII
THE SKIN

The skin is a special organ which forms the buffer through
which the individual contacts the world outside, and behind which
he normally rests secure from invasion by enemy organisms and
from painful contacts with rough or irritating surfaces. Life is
dependent upon the integrity of the skin, and the destruction of
much more than a third of it is followed by death.

The skin is an organ of beauty and much time and millions of
dollars are expended annually on its care. Intelligent care pre-
supposes some knowledge of its structure and funetioning and the
ability to distinguish between sound and unsound claims that are
made for various artificial aids to skin beauty.

Structure.—The outer portion of the skin is known as the
epidermis and consists of external horny layers of dry, dead cells,
and a deeper growing layer, the Malpighian cells, from which the
outer layers are produced. As new cells are pushed outward, they
lose their nuclei, flatten, develop thick walls, and eventually con-
tain only dead materials. These are constantly being removed
from the body surfaces by friction. Blood vessels do not enter
the epidermis.

The germinative layer produces nails and hair as outgrowths
of the epidermis. The color of the skin is due in part to pigment
deposits found in the Malpighian layer and in part to the trans-
lucent nature of the skin which permits blood in the capillaries to
show through. The amount of the pigment determines the color
of different races.

The dermis, or true skin, is a teugh, fibrous, living tissue, just
beneath the epidermis. Embedded in it are capillaries, lymph ves-
sels, nerve endings, sense organs, sweat glands, sebaceous glands,
and roots of hairs. The dermis is not flat on its outer surface but
takes the form of tiny projections or papillae. These papillae are
nutritive or sensory, depending upon whether they contain a capil-
lary knot or a sensory nerve ending.
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Below the dermis occurs a layer of subcutaneous tissue. This
tissue serves as a storage place for reserve fat and acts as a cushion
for the protection of the body. Its elasticity permits freedom in
the movement of the skeletal framework and musecles that lie under
the skin.

1:Y\dc'.v'w{\ s
orny layer

——Clear layer
&~ Granular layer

22— Mucous layer

Growing layer

Ending of sensor,
nerve

Blood vessels and
nerves

Section of the skin showing the detailed structure of the epidermis and

the structure of blood vessels and nerves of the dermis. (From Sutton and
Sutton: Diseases of the Skin.)

The surface of the skin is kept moist and soft by the sebaceous
glands which pour an oily substance called ‘‘sebum’’ into the hair
follicle, and the sweat glands which exude their liquid secretions
directly on the surface of the skin. There are from two to three
million of these sweat glands in the surface of the body, and the
amount of liquid given off in twenty-four hours varies from less
than a quart to three times that amount. The production of sweat
is dependent upon the quantity of blood flowing through the capil-
laries that surround the sweat glands, and upon the direct nerve
stimulation to the gland cells.
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In the heat stroke of a worker in a very hot and humid atmos-
phere or in sunstroke, with its hot dry skin, evaporation of perspir-
ation is inadequate and heat loss does not keep pace with heat
production. The temperature-regulating machinery has broken
down and the temperature may rise to 107° F. or even 110° F.
First aid to reduce it must be prompt. Persons who do not per-
spire readily are especially subjeet to heat stroke.
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PAPILLA OF HAIR

Vertical section of the skin (schematic); modified from Cunningham.
(From Zoethout and Tuttle: Textbook of Physiology, The C. V. Mosby Co.)

Warm air, which is dry and moving, evaporates perspiration
more rapidly than still or moist air and, therefore, seems cooler
at the same thermometer reading. On the other hand, cold air
when it is dry is not so chilling as when it is moist. Heat loss at
low temperature takes place by convection and not by evapora-
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tion. Damp air is a better conductor of heat than dry air.

While the primary purpose of perspiration is heat dissipation,
sweat contains small amounts of a number of waste products from
the blood; namely, inorganic salts (principally sodium chloride),
and small amounts of organic compounds (chiefly urea and cer-
tain ammonium compounds). These remain on the skin after the
evaporation of the liquid. Although the skin aids somewhat in
the removal of waste from the blood, it does not, under normal
conditions, play an appreciable part in the excretory functions
of the body.

Hygiene of the Skin.—Clothing, heated houses, and inactivity
all tend to interfere with the normal adjustment of the skin in
regulating body temperature. Satisfactory functioning of the
skin requires attention to hygienic practices pertaining to cloth-
ing, to bathing, and to exercise.

Although clothing serves other purposes, it is used chiefly as
an artificial aid in the regulation of body temperature. It retards
heat loss because it retains air between garments, in the mesh of the
woven fabric or between the fibers of which the fabric is made. Air
is a poor conductor of heat. The warmth of a garment then will
be determined by the type of fiber of which it is made and the
nature of the weave.

Woolen fibers are rough, scaly, and round. When woven into
cloth, they readily enclose air within the meshes. Wool fabries
are warm. On the other hand, cotton fibers are flat and silk
fibers are smooth. They do not retain air so readily. There is
considerable difference, however, in the weave of fabrics, and
woolen fibers may be so woven as to reduce their warmth, while
cotton and silk may be used to produce a fabric which is fairly
useful in the retention of body heat. This is also true of the
various new artificial fibers.

Woolen clothing is suitable for the person who is doing out-of-
door work or riding in the open during winter weather. It is an
undesirable fabric for underclothing for persons who are working
indoors in the city unless room temperatures are kept low. At
the end of four or five hours in the office the garment is saturated
with perspiration, and all the spaces formerly filled with air will
have become filled with water. The underclothing is now a very
good conductor of heat, and when the person emerges into the
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cold air, the water in the garment cools and the person is chilled
in his cold, damp clothes. For the person who lives in town,
therefore, it is much better to wear light underclothing and to
put on heavy outer garments when emerging into cold air. If he
walks briskly and keeps up his bodily activity while outdoors or
waiting for a car, he augments his bodily heat by increasing the
oxidation in the tissues.

The wearing of rubber garments for more than short intervals
is unhealthful, since rubber is not porous and prevents the normal
evaporation of moisture from the skin, with consequent overheat-
ing of the body. Raincoats and rubbers should be removed when
not actually in use.

Too much warm clothing does away with the necessity of body
adjustments to slight changes in temperature, with the result
that the process of heat regulation is ineffective when needed. On
the other hand, the use of insufficient clothing to supplement the
heat-regulating apparatus is undesirable because the body loses
too much heat. Persons who wear light clothing need a high
calorie diet in order to maintain a balance between heat produc-
tion and heat loss. Clothing should be selected which will not
offer mechanical interference to normal body functioning.

Light-colored clothing for summer is cooler than dark clothing
because it reflects the sun’s rays whereas dark clothing absorbs
them.

Clothing worn next to the body accumulates the waste produects
of perspiration, together with scaly portions of the epidermis and
dust particles. Moreover, the ability of clothing to absorb mois-
ture and to conduct heat is altered by the presence of these sub-
stances. If it is not washed frequently, clothing may become a
source of danger to the body, for it may have collected infectious
organisms which will enter the skin when a break oceurs.

Bathing is a primary means of keeping the skin both clean and
in proper muscle tone. We recognize that daily bathing is desir-
able, not only for the feeling of well-being it gives but also for the
increased self-confidence that comes from the consciousness that
one is socially acceptable. Two kinds of baths are used: (1) the
cleansing bath, and (2) the bath for stimulating the muscles,
nerves, and circulation in the skin. '



130 Personal Health

Due to the oily nature of the substances on the skin, the cleans-
ing bath is most effective when good soap is used with warm
water at a temperature of from 96° to 100° F. Friction is desir-
able in order to remove the dead particles of epidermis. The com-
plete elimination of unpleasant body odors requircs thorough
daily soaping and elecansing of those parts of the body, such as the
feet and armpits, which perspire freely.

Aside from its function in cleansing, the warm bath is some-
times used for its relaxing effect to induce rest. A hot bath or a
hot foot bath may relieve congestion in the head or chest by bring-
ing the blood to the skin. Such a bath followed by bed rest is rec-
ommended at the first signs of a cold. Special care must be taken
following such a bath to prevent chilling before getting into bed.
A hot bath should never be taken before going out into the open
air unless it is followed by a cold one.

In using the cold bath every person should determine for himself
the temperature at which he can obtain the desired reactions;
namely, a warm glow in the skin, deep breathing, and a general
feeling of well-being. Unless this reaction is obtained a cold bath
produces a chilling which may be injurious.

Having determined the optimum temperature at which this
stimulating bath can best be taken, the time allowed for it should
not be prolonged over one minute. It should be taken in a warm
room when the skin is warm. A quick dash under the cold
shower or a plunge into the tub should be followed by a good
rub with a coarse towel. The best time for a cold bath is on
rising in the morning. Neither a cold bath nor a hot bath should
be taken within one hour after eating. A cold bath is similar to
exercise in its general bodily effects. It increases the circulation
of the blood and the production of heat. It stimulates the nerv-
ous system,

Sun Baths.—From our knowledge of physics we recall that
radiant energy from the sun, electric arcs, filament lamps, x-rays
or radium is essentially the same, differing only in frequency and
wave lengths. Light is the visible portion of the spectrum; it
has wave lengths varying from 3,900 to 7,700 Angstrom units (the
Angstrom unit equalling one ten-millionth of a millimeter).
Longer wave lengths are the infrared and shorter wave lengths
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are the ultraviolet radiations. Both of these are invisible. The
solar spectrum has wave lengths from 2,200 to 40,000 Angstrom
units. Some of the radiations useful to man do not oceur in sun-
light, but are produced from other sources.

APPROXIMATE LIMITS oF VARIOUS REGIONS IN THE SPECTRUM

RADIATION WAVE LENGTHS IN ANGSTROM UNITS
Gamma rays 0.07  to 13
X-rays 0.10 150.0
Ultraviolet rays 136.0 4,000.0
Visible rays 4,000.0 8,000.0
Infrared rays 8,000.0 4,000,000.0

Tanning of the skin is caused by ultraviolet radiations. The
naked skin when exposed to bright sunlight reddens, or sunburns,
with the accumulation of a great quantity of blood in the exposed
area. As tanning progresses, the amount of melanin, the normal
coloring matter of the skin, increases. Although the darker races
have a large amount of this pigment, the white man has normally
very little. The physiological increase in melanin following sun-
burn is apparently a protective mechanism against further injury
to the skin hy strong actinie light.




132 Personal Health

The pigment is manufactured by specialized cells in the Mal-
pighian layer of the skin from a ‘‘chromogenic’’ material of the
blood. Freckles are produced in the same manner as ‘‘tanning.”’
In taking sun baths the time of exposure should be limited to a
few minutes at first and increased gradually from day to day.
The wearing of colored glasses to protect the eyes is desirable.

One of the most remarkable chemical changes produced by
ultraviolet radiations on the skin is the manufacture of vitamin D
from cholesterol in the living tissues. Sun baths for babies help
reduce the prevalence of rickets. Ultraviolet light also stimulates
the production of red blood corpuscles, and aids in the cure of
certain diseases, such as tuberculosis of the skin.

Sunlight is not always equally potent, for the ultraviolet rays
are screened out by clouds, rain, dust, and smoke in the air, and
by ordinary window glass in the house. The rays are stronger in
the summer than in the winter. Many types of ‘‘sunlamps’’ have
been devised, not all of which are equally successful. Infrared or
heat rays, which have a warming effect upon the body, are useful
in medicine to relieve pain, to relax musecles, to dilate the surface
blood vessels, and to relieve internal congestion.

Care of the Hands.—The problem of keeping the hands clean is
not one of aesthetic significance alone. No other part of the body
comes so frequently in contact with infective organisms. There
is obvious reason for washing the hands after going to the toilet,
before eating or handling food, or whenever they become dirty.
It has been found that the clean skin has considerable self-
disinfecting power. A dirty skin harbors bacteria.

Nails are horny outgrowths of the epidermis beneath the cuticle.
As the nail grows outward it should be filed in order to keep its
length such that it does not interfere with the usefulness of the
fingers. The cuticle should be pushed back gently with the towel
while drying the hands. Cuticle that is not cared for attaches itself
to the nail and tears as the nail grows out, forming hangnails. If
these develop, they should be carefully cut rather than pulled, since
infection may easily occur if the delicate tissues are injured.

Well-kept fingernails are not only objects of beauty, but are
necessary to the functioning of fingers. Bitten fingernails are
unsightly, and the habit of nail biting is one which endangers the
health of the individual through the iffyroduction of dirt into the
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mouth. The habit is ordinarily associated with nervousness and
requires attention, especially in children.

Care of the Face.—The thorough cleansing of the face at night
to remove the accumulations of dirt from the day’s exposure is
the first requirement in its care. Warm water and a pure soap
free from alkali are the best cleansing agents unless there is some
particular reason that soap cannot be used. A good soapy lather
should be gently and thoroughly applied with the clean finger tips
to massage the face. The use of plenty of clean water, followed
by a cold rinse for its stimulating effect, is important. The face
should be patted dry rather than rubbed vigorously. Care of the
face in the morning may require only the application of cold
water for its stimulating effect, if one sleeps in an atmosphere
free from dust and smoke. Otherwise cleansing in the morning
is just as essential as at night.

Care of the Hair.—ITair, like the nails, is an outgrowth of the
epidermis. Each hair grows out of a depression or hair follicle
which extends downward into the dermis or into the subcutaneous
tissue. At the end of the hair follicle are found the growing cells.
These cells are nourished by blood vessels surrounding them. The
shaft of the hair that extends outward is composed of dead horny
cells. A cross section of the hair shows three distinet layers, an
inner core surrounded by a cortex and an outside layer of over-
lapping cells or cuticle. The color of hair is due to a pigment
that is deposited in the intercellular spaces of the cortex during
the growth of the hair. When hair turns gray, there is a redue-
tion in the amount of pigment and an increase in the light-reflect-
ing air spaces between the cells.

Hair is kept soft by the outflow of oil from the sebaceous glands
into the hair follicle. The condition of the hair reflects, to some
extent, the general health and nutrition of the body. Nourish-
ment for the hair comes entirely from the blood stream through
living cells in its roots. The growth of hair takes place at the
root and cannot be stimulated by cutting or singeing the hair
shaft. The nutrition of the hair can be improved by stimulating
the flow of blood to its roots by vigorous combing and brushing
and by massaging the scalp with the finger tips.

The frequency of shampoos depends upon the kind of hair and
the condition of the atmosphere as well as upon one’s activities,
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Oily hair accumulates dirt more quickly than dry hair. Thick
hair is harder to brush clean than thin hair. Persons who live in
smoky cities, in dusty areas, or who work in dust, require more
frequent shampoos than they would otherwise need.

The shampoo requires plenty of warm water and soap. The
scalp should be vigorously rubbed to loosen the dirt. After it
has been washed with a good lather, the hair should be thoroughly
rinsed with warm water to remove the soap, and then the whole
process should be repeated. The scalp and hair should be dried
by rubbing with a towel in the warm sunlight or & warm room.

Baldness (alopecia) may be associated with the internal secre-
tions of some of the endocrine glands, or it may be due to an heredi-
tary sex-linked tendency. In experimental animals it has been pro-
duced by a deficient diet. It is not, as generally believed, due to
the starvation of the growing hair cells through interference with
cireulation to the scalp. The stimulation of efficient circulation
in the scalp and ecleanliness of the scalp are commonly recom-
mended for the prevention of baldness. They are hygienic prac-
tices, but there are no known or certain means of preventing or
curing this condition.

Cosmetics.—Cosmetics are not to be regarded as a hygienic
necessity. Healthy hair and teeth, bright eyes, and a clear com-
plexion require proper diet, regular elimination, cleanliness, out-
door exercise, and adequate sleep. For these there is no substi-
tute. At the same time it must be recognized that the use of cos-
metics has assumed an important place in modern life.

Cosmetics have sometimes contained injurious substances. It
may be that some of them still do, although laws regulating their
sale are now reasonably effective.

While many types of face cream, such as vanishing creams,
cleansing creams, and nourishing creams, are urged upon the pub-
lic, cold cream is the only one that is needed. Essentially, this
consists of lanolin, almond oil, spermaceti, and beeswax in vari-
ous combinations with other ingredients. On the whole it is
believed to be a reasonably safe product. Its function is that of
lubrication. Ordinarily, the oil produced by the sebaceous glands
of the skin provides sufficient lubrication, but for those whose
skin is very dry, cold cream prevents roughness and chapping.
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While liquefying or cleansing creams are probably harmless,
soap and water are safer and more effective cleansing agents.
Vanishing creams are basically soap and are undesirable because
of their drying effect. It is not possible to ‘‘feed’’ skin tissues
by the application of ‘‘nourishing’’ ereams.

The highest quality of talcum powders consists of pure ground
tale with the addition of some perfume. Sinee it is impossible to
remove all mineral impurities from tale, some of these cause irrita-
tion to certain skins.

Face powder that has rice starch, wheat starch, or orris root is
undesirable because it contains certain proteins to which some per-
sons are allergic. Hygienists believe that the danger from using
face powder is not so much from the powder itself as from the
use of unclean powder puffs. It is preferable to use a puff only
once. Bits of cotton that are destroyed after using provide the
most satisfactory method for applying powder.

Many commercial hand lotions are very much overpriced and
tend to extract moisture from the skin. Either lanolin or olive oil
is effective in the prevention of chapped or rough hands.

Astringents are valueless, expensive, and sometimes dangerous.
The use of cold water to stimulate muscle tone in the skin is more
effective and can produce no harm. While some deodorants are
harmless, those that completely prevent the flow of perspiration
usually depend for their efficacy on aluminum chloride. This has
been known to induce rash and other mild skin troubles that may
cause great discomfort.

The claims made- for depilatories are overdrawn, and there is
grave danger in the use of many of the much advertised hair re-
movers. The destruction of the hair root with the electrolytic
needle is the only safe and permanent method of removing un-
wanted hair, but this is not safe except in the hands of an expert
technician under medieal supervision. The rate of hair growth
is not affected by shaving.

Polish remover tends to dissolve the fats in the skin and to pro-
duce a dry cuticle. The same is true of cuticle removers which dry
the skin around the nails. Cold eream or olive oil keeps the cuticle
soft.
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Abnormalities.—A great variation exists in the texture and
resistance of the skin. It may be thin, tender, easily chapped and
broken, or it may have quite the opposite characteristics.

A localized overgrowth of the outer horny layer produces corns
and warts. These may sometimes be removed by daily application
of suitable preparations, though a safe method is by knife or electric
needle in the hands of a doctor.

A mole results from an undue growth of the end apparatus of
the sensory nerves of the skin. It may or may not be pigmented.
Undisturbed moles are unlikely to cause trouble, but irritation or
accident may start an abnormal growth with cancerous character-
istics. Only a physician or surgeon should attempt their removal.

A birthmark or ‘‘port-wine stain’’ is a congenital, sharply de-
fined bright red pateh, consisting of a conglomeration of tiny blood
vessels, usually level with the surface. It may occur very exten-
sively on the exposed skin, as, for example, the face. When any
such disfiguring marks appear on the face, they may be masked by
the application of certain suitable cosmetic preparations specially
designed for this purpose.

The bane of the adolescent is acne, with its greasy skin, black-
heads (duets choked with oily plugs of dust or soot), and pimples.
Prevention of this condition is easier than its cure. A well-regu-
lated diet of citrous and other fruits, green vegetables, and whole
cereals, and rigid attention to the bowels are indicated. Cleanli-
ness, both internal and external, is essential. The individual should
drink large quantities of water and should keep the skin serupu-
lously clean. The use of some other detergent instead of soap
benefits some skins. Hot applications alternated with cold will
stimulate a vigorous circulation and more active elimination in the
skin. Dietary and endocrine relationships are being studied.
Medical treatment is needed for persistent cases.

Boils may arise from tampering with pimples. They are pro-
duced by an infection of the hair follicle with bacteria, usually
staphylococei. They should be protected with sterile cotton or
gauze in order to prevent an extension of the infection. When pus
formation is complete, the boil is opened and dressed with the usual
surgical precautions.

The essential facts concerning the important skin diseases, ring-
worm, scabies, and pediculosis are presented in Appendix A. Ring-
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worm is caused by a fungus (mold). Ringworm of the foot (com-
monly called athlete’s foot, although it is in no way restricted to
athletes) is a common form of this disease. It is characterized
by more or less itching and the formation of watery blisters. In
foot hygiene it is commonly recommended to dry the skin between
the toes thoroughly after bathing and to use a powder of nine
parts taleum and one part boric acid. Scabies, or itch, is due to in-
festation of the skin by the itch mite. Pediculosis is an infesta-
tion of the scalp by the head louse. The body louse and the pubic
louse are also external human parasites. The body louse lives upon
the blood of man but lies concealed in the seams of his clothing
rather than on his skin. It has been found to transmit the germ
of typhus fever, so that the sterilization of clothing and other meas-
ures to prevent the infestation have become important military
measures.
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CHAPTER IX

ENDOCRINES

The endocrine glands of the body manufacture and discharge
into the blood stream certain substances which profoundly affect
cellular activities. Before turning to a study of the individual
endocrine substances, we shall review the essential facts concerning
the work of cells.

Metabolism.—The term metabolism is applied to all the chemi-
cal processes involved in life, in growth, and in carrying on body
functions. It consists of the constructive phase in which sub-
stances are built up (anabolism) and the destructive phase in
which substances are broken down (catabolism).

These processes of growth, repair, and combustion vary at dif-
ferent times and in different persons. Differences in metabolism
are most clearly demonstrated by measuring the metabolic rate
when the body is at rest, that is, by determining the basal metabo-
lism. Basal metabolism involves only those chemical reactions
required in the maintenance of the living state. These take place
in the respiratory mechanism which constantly supplies oxygen and
removes waste products; in the heart which never ceases to keep
blood in circulation; in the heat-regulating mechanism, the secret-
ing glands, and the nerves which constantly control all bodily func-
tions. Though skeletal muscles may be inactive, the visceral muscles
never cease their rhythmical contractions. The expenditure of
energy necessary to keep up these basic activities of life is known
as basal metabolism.

In studying basal metabolism the person to be tested is fasting
and at rest. The rate of oxidation is determined by putting the
subject in the calorimeter and measuring the heat yield directly,
or, more conveniently, by using a respiration apparatus and meas-
uring the oxygen consumed and the carbon dioxide given off by
the individual. The rate of metabolism, according to Du Bois,
increases about 10 per cent for each degree Centigrade the body
temperature rises above normal. It is reduced somewhat in sleep,
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presumably because of the decreased tonus-of skeletal musecle.
The ingestion of food, especially protein, increases metabolism.

In addition to basal metabolism the body carries on growth
metabolism by means of which new structures and protoplasm are
produced, and functional metabolism by means of which activities,
such as muscular contraction, glandular activity, and the function-
ing of nerves and sense organs, are performed.

Ductless Glands.—The extent and rate of activity of the meta-
bolic processes are in part determined by certain substances pro-
duced by ductless gland tissue. These are absorbed directly into
the blood and are carried to other parts of the body where they
effect significant changes.

The produets of the ductless or endocrine glands have been called
hormones (hormao, 1 excite), a name suggested by the faet that
those first discovered had the effect of excitation. The name is not
entirely suitable, for it is now known that some produects of endo-
crine glands depress rather than excite and others do neither. The
term ‘‘endocrine principle’’ or ‘‘endocrine compound’’ has been
suggested as preferable to ‘‘hormone.’’

Considerable research has been done on the effect of hormones or
endocrine ecompounds on basal, growth, and functional metabolism
in specific tissues or organs remote from the point of origin of the
secretion. Although these chemical agents are only partly under-
stood, and the factors that influence their activities are still ob-
scure, we shall do well to review briefly the available knowledge
concerning the endocrine system and its relation to the normal
life of the organism.

The ductless, or endocrine, glands include the thyroid, the para-
thyroid, the thymus, the adrenals, the pituitary, the pineal, the
pancreas, and the sex glands. The hormone of each gland plays
its own part in supplementing the action of other glands and
tissues. The student is asked to read the table carefully in con-
nection with each gland studied.

Thyroid Gland.—The thyroid gland consists of two lobes, from
two to three inches in length, connected by an isthmus and located
in front of the larynx. It produces thyroxin, a chemical substance
containing iodine, which it discharges into the blood stream. -A
part of its function ean be learned by observing what happens
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when this hormone is lacking (hypothyroidism) or when an undue
amount of it is thrown into the blood stream (hyperthyroidism).

Brain

Pineal gland

— Pituitary gland

Parathyroid gland
Thyroid gland

i : d Thymus gland

Left adrenal

| Left Kidney

[ Gonad

Distribution of endocrine glands.

When thyroid tissue is absent from birth, due to congenital
atrophy of the gland, cretinism results. The condition is character-
ized by feeble-mindedness and retarded growth. An adult with
marked deficiency of thyroid gland secretion, either from removal
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of the gland or degeneration changes, suffers from a condition
termed myxedema. It is characterized by low basal metabolism,
sluggish mentality, sensitivity to cold, thickened skin and gain in
weight.

These conditions often respond markedly to animal thyroid ex-
tract administered under proper supervision. Such treatment must
be continued throughout life in order to maintain the normal state.
Mild hypothyroidism, not myxedema, sometimes occurs in late
adolescence and in adult life, resulting in ‘‘general poor health.’’

4. B.

Cretinism, 4, and the recovery, B, after the administration of thyroid gland.
(Nicholson.)

As already discussed in the chapter on Nutrition, a deficiency of
iodine in the diet results in simple goiter, a common condition in
some of the midwest, and mountain states where the amount of
iodine in the soil and water is negligible. The thyroid gland en-
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HORMONES
GLAND SECRETION PROBABLE FUNCTION Fulgzigon nggfﬁm
Adrenals or|1. Cortin Suggested by hypo-| Addison’s Develops
Supra- function disease male char-
renals Helps regulate me- acteristics
tabolism
2. Adrenin Reserve mechanism|No effect ob-| Undesirable
for emergencies served “emergency
adjust-
ment”’
Ovaries 1. The estrogens Regulate reproduc-|Ovarian de-
tive system ficiency:
infantilism,
decreased
fertility
2. Progestin Regulates menstru-
ation, lactation,
and reproductive
system
Pancreas Insulin Controls carbohy- | Diabetes Hyperin-
drate metabolism| mellitus sulinism
Parathyroid {Parathyrin Regulator of cal-|Tetany von Reck-
cium metabolism ling-
hausen's
disease
Pineal ? May help to regu-
late rate of de-
velopment
Pituitary 1. Anterior lobe Dwarflsm Gigantism
a. Somatotropin |Growth promoting Acromegaly
b. Thyrotropin Tl;yrold stimulat-
ng
¢. Gonadotropins Setx gland regula-
ors
d. Corticotropin |Adrenal cortex
regulator
e. Mammotropin |Mammary gland
regulator
f. Metabolic hor-|Help regulate me-
mones tabolism
g. Diuretic Promotes urine for-
hormone mation
2. Posterior lobe Diabetes iIn-
a. Pitressin Stimulates smooth| sipidus
muscle
b. Oxytocin Stimulates uterine
contraction
Testes Testosterone Regulates repro- |Imperfect Precoclous
. ductive system sex de- maturity
velopment
Thymus ? Endocrine status
, uncertain
Thyroid Thyroxin (65% Influences oxygen |Cretinism Exoph-
fodine) consumption rate| Myxedema thalmic
Simple goiter oiter, or
< raves'

disease
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larges; its secretion is plentiful but poor in quality. In most cases
general health is maintained, although in other instances symptoms
of hypothyroidism appear in varying degrees. The condition is
improved by the addition of iodine-containing foods, such as sea
foods, to the diet. Perhaps the simplest and most approved
method of its prevention in goiterous areas is through the use of
iodized table salt.

’

e S

Exophthalmic goiter of eight years’ duration in girl, aged 17 years. (From
Hertzler: Diseases of the Thyroid Gland, The C. V. Mosby Co.)

Overactivity of the gland (hyperthyroidism), in which an in-
creased amount of thyroxin is thrown into the blood, is known as
Graves’ disease or exophthalmic goiter. This condition is marked
by inecreased oxidation, excessive mervousness, a rapid heartbeat,
increased blood pressure, and characteristic bulging of the eyes. A
person suffering from the resulting increased metabolism is usually
high-strung and irritable. The causes of hyperthyroidism are still
not clearly understood. Relief may be given by surgically remov-
ing enough of the gland to restore endocrine balance.
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Parathyroid Glands.—The parathyroid glands are four small
bodies, immediately back of the thyroid. The removal or de-
generation of these glands produces ‘‘parathyroid tetany,”” which
may vary in severity from the spasmodic contraction of a few
muscles to severe convulsions and death. This condition is asso-
ciated with decreased calecium in the blood and increased irrita-
bility of muscles and nerves. A high caleium intake in the diet
is helpful. Meat, due to its high phosphorus content, may ag-
gravate the condition.

The injection of excessive amounts of parathyrin in experimen-
tal animals produces an undue concentration of calcium in the
blood and may result in death. High blood calcium, associated
with bone deformity and loss of muscle tone, sometimes occurs
in man as a result of hyperfunction of the parathyroid glands,
and is known as von Recklinghausen’s disease.

Adrenal Glands.—The adrenal, or suprarenal, bodies are flat-
tened glands, one lying on the outer, upper extremity of each
kidney. They consist of two distinet parts, the cortex and the
medulla, each producing its own characteristie secretion.

When the hormone produced in the medulla, epinephrine or
adrenin, is thrown into the blood stream, it causes marked changes
in the circulatory system. The rate of heartheat is quickened,
blood pressure is increased, sugar is thrown into the blood stream
from the glycogen reserves in the liver, and the blood is able to
clot more rapidly. The pupils dilate. Blood vessels of the skin
constriet. Digestion is inhibited. There is an increased flow of
blood to the muscles. Musecle fatigue is delayed. Adrenin has
been termed by Cannon ‘‘the emergency hormone,’’ since it brings
into play the body processes on which self-preservation depends.

Only minute quantities of adrenin are normally present in the
blood, the increased output being controlled by nervous excita-
tion. Under the influence of strong emotions, such as fear, anger,
joy, or grief, adrenin is thrown into the blood stream in increased
amounts, and the body is instantly made ready for the perform-
ance of unusual physical feats. When these physiological effects
are being produced continually as the result of persistent worry,
they are undesirable.

The secretion from the cortical tissue, cortin, is essential to life,
since removal of the cortex is fatal; but its exact function in the
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body is not known at present. Hypofunction results in a disorder
known as Addison’s disease. The normal behavior of inorganie
galts in the body is disturbed and the basal metabolic rate is de-
pressed. There is defective excretion of nitrogenous wastes and
tissue growth is slowed up.

Oversecretion of cortin appears to develop male characteristies
in the female and to hasten development in the male.

Pituitary Gland.—The pituitary gland is attached to the brain
and lies in the region back of the orbits of the eyes. It contains
an anterior and a posterior lobe, producing numerous hormones,
each of which differs in funection (see table on Hormones). It has
been called the ‘‘master gland’’ because its effects are so wide-
spread.

The hormones of the anterior lobe regulate growth, the metabo-
lism of protein, fat, carbohydrate, and water, and the formation
of milk and urine. They influence the activity of other endocrine
glands, including the thyroid, adrenals, and gonads. There are
two sex gland regulators found in the secretion of the anterior
lobe. These are the follicle-stimulating hormone, which aids in
the development of ovarian follicles and sperm cells, and the
luteinizing hormone, which acts upon the ovarian folliclé after
the ovum has left it and on the interstitial or supporting cells of
the testes.

The hormones produced by the posterior lobe that affect the
functional metabolism of the body are pitressin and oxytoein.
Pitressin is a smooth muscle stimulant. By its action on the
muscle tissue of small arteries and arterioles, pitressin raises the
blood pressure. It also checks the flow of urine, its function appar-
ently being to conserve water when dangerous loss of the latter
from the body is imminent. Ozytocin has a stimulatory effect
upon the muscle of the uterus and is important in preventing
hemorrhage following childbirth. Posterior lobe extract (both
fractions) has also been shown to influence carbohydrate metabo-
lism.,

Underactivity of the anterior lobe of the pituitary leads to
dwarfism. Sometimes the failure apparently involves only the
growth hormone, but at other times the gonadotropic hormone is
also deficient.
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Gigantism, the converse of dwarfism, is caused by an overactiv-
ity of the anterior lobe during youth. When the hyperfunction
develops in adulthood, acromegaly results. In this disorder over-
growth of bony and soft tissue involves principally the head,
spine, hands, and feet.

The Pineal Body.—The pineal gland is also attached to the
brain and is thought to help regulate body development and the

onset of puberty. This belief has not, however, been definitely
established.

The Pancreas.—In the pancreas are situated groups of endo-
crine cells known as the islands of Langerhans. These cells pro-
duce tnsulin, a hormone enabling the liver to retain sugar and
to form glycogen. Failure of the islands of Langerhans to secrete
insulin causes the disease, diabetes mellitus, characterized by ex-
cessive thirst, appetite, and urination, high blood sugar, emacia-
tion, and the appearance of sugar in the urine. Diabetes is most
common between the ages of 40 and 60 among people who are
overweight. The discovery that insulin ecan be extracted from
the fresh pancreas of animals and that, when injected into the
blood stream, it provides the necessary hormone for the proper
retention of sugar and storage of glycogen has made possible the
successful treatment of diabetes.

Some people develop disturbances due to hyperfunction of the
islands of Langerhans. The disorder may result in dizziness,
sweating, and nervousness when the blood sugar level reaches an
unduly low level. These symptoms are controlled by regulating
the intake of carbohydrate food.

Ovaries and Testes.—Several hormones are produced by the
gonads. These control the various steps in the normal develop-
ment and functioning of the organs of reproduction and the
appearance of secondary sex characteristics in hair and voice, in
muscles, bones, and body proportions.

The ovaries secrete esirogens which are necessary for normal
function of the female reproductive system. Progestin regulates
menstruation and lactation. Deficiency of ovarian hormones leads
to retarded development of the secondary sex characteristics and
to decreased fertility in the female. Lack of balance of these
hormones contributes to the symptoms of the menopause.
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Testosterone is necessary for the normal funection of the male
reproductive system. Its deficiency leads to imperfect sex devel-
opment and its excess, to early maturity.

The gonads of each sex contain rudiments of the gonad strue-
ture of the opposite sex. Oececasionally, both types of gonad tissue
develop in the same individual, producing bisexuality or hermaph-
roditism.

Thymus.—The thymus is a mass of tissue located behind the
sternum. It ordinarily begins to atrophy at adolescence. Endo-
crinologists are not entirely certain that it is an endocrine gland,
although recent research indicates that it may contain an aec-
tive endocrine growth-accelerating principle, which Asher terms
““thymocrescin,’”*

Hygiene.—It is interesting to note that there seems to be an
interrelationship between the various endocrine glands, and that
disturbances in the function of one gland are reflected in the
activities of certain others. Cases of mild disturbances of the
endocrine system are constantly being found. These respond well
to treatment, and persons should realize the importance of seek-
ing the best medical care obtainable. The consequences of treat-
ment by any one other than an expert are fraught with danger.
Research continues, and each year adds new chapters to our knowl-
edge of the endocrines and the possibility of correcting abnor-
malities in their functioning. No measure beyond the mainte-
nance of general good health is known for promoting the well-
being of the ductless glands. You will appreciate that some of
the personality characteristics of the individual may be the result
of mild endoerine dysfunction.
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CHAPTER X
THE SENSE ORGANS

We are already more or less familiar with the general features
of the central nervous system. It will be interesting to approach
a more detailed study of this part of the body through a con-
sideration of the receptors by means of which the central nervous
system keeps in touch with the outside world. Receptors, whether
simple like those in the skin or highly complex like the eye and
the ear, initiate all reflex movements and sensations.

Proprioceptors.—The body is able to maintain posture and to
accomplish locomotion because of the functioning of receptors lo-
cated in the skeletal muscles, the tendons, and about the joints.
They give the sensations of motion and position—the kinesthetic
or musele-joint sense.

A second set of receptors found in the semicircular canals of
the internal ear are stimulated by the relative position of the head
with reference to the pull of gravity and thus aid the body in
maintaining its equilibrium. Motion sickness is due mainly to the
unusual stimulation of these receptors when the body is moved up-
ward and downward in direction of its long axis. Lying down
reduces these vertical movements and may prevent nausea.

Cutaneous Receptors.—The skin contains five types of receptors
or nerve endings (see illustration) which are sensitive to cold,
touch, warmth, pressure, and pain, respectively. Each receptor
sends only its one kind of sensation to the brain. Those of each
type can be located as ‘‘spots,”’ pinpoint or larger in size, and can
be mapped on the skin. Touch spots are most numerous over the
tips of the fingers and at the tip of the tongue. The lips are more
sensitive to heat than the hands. Some surfaces, such as the back,
upper arm, and thigh, have relatively few receptors. The sensa-
tion of pain is transmitted from bare nerve fiber endings and may
be produced by a mechanical, thermal, electrical, or chemical stim-
ulation if it is intense enough. The receptors for the other four
sensations each respond to one type of stimulus.

148
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The reflexes due to pain are protective and have the right of
way over other reflexes. Through the autonomic system, pain
stimulates the secretion of adrenin, the effects of which we have
already discussed. Pain is a powerful aid in preserving the life
of the individual.

Cutaneous receptors. A, Meissner’s corpuscle (touch); B, Krause’s end
bulb (cold); C, Ruffini’s end organs (warmth); D, Pacinian corpuscle (deep
pressure) ; E, bare nerve endings in cornea (pain). (After Starling’s Prin-
oiples of Human Physiology, J. & A. Churchhill, Ltd., London.)

Taste and Smell.—Taste receptors or taste buds of four kinds
develop the sensations of the basic tastes (sour, salty, sweet and
bitter) from taste-producing substances in solution. They are
located mainly on the tongue but are also on the pharynx, epiglot-
tis, and roof of the mouth. They are unevenly distributed, bitter
being more readily perceived at the base of the tongue, sweet at the
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tip, and sour at the sides. The ‘“taste’’ of many finer flavors in-
cludes not only combinations of these fundamental taste sensa-
tions, but also sensations of smell and sensations produced by dif-
ferences in the tempcrature and texture of food upon other nerve
endings in the mouth.

The olfactory receptors are cxtremely sensitive and arc local-
ized in the upper part of the nasal cavities, above the strecam of
respired air. This prevents drying of the sensitive area; but
“‘sniffing’’ brings the chemicals in the air in direct contact with
the scnsitive eells. The olfactory epithelium is bathed in liquid
which dissolves these soluble substances. If the change in con-
centration is rapid cnough, it constitutes a stimulus, otherwise it
does not. This explains why one quickly becomes unconscious of
the odor when there is a constant amount of an odorous substance

in the air.

LINING OF TASTE LINING OF
TONGUE PORE NASAL CAVITY

TASTE BUD

Taste and olfactory senses. (From Carlson and Johnson: The Machinery of
the Body, Courtesy University of Chicago Press.)

Auditory Receptors or Hearing.—About one-cighth of all our
impressions reach us through the ear. The structures concerned
with hearing include: (1) the outer ear; or pinna, which receives
sound waves; (2) the middle ear which conveys the sound waves;
(3) the cochlea with its auditory receptors. The receptors for
hearing are ‘‘hair cells’’ found in the cochlea of the inner ear in
which the fibers of the auditory nerve terminate. The semicireu-
lar canals of the ear have already been mentioned as being asso-
ciated with the sensation of position.
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From the standpoint of hygiene a knowledge of the structures
of the outer and middle ear is important. The external meatus,
which conveys sound from the pinna to the eardrum, is a canal
lined with skin, the glands of which produce a waxlike secretion
called cerumen. This wax, as well as the tortuous canal, serves
to protect the delicate eardrum, or tympanic membrane, from
dust or other foreign substances. A chain of three small ossicles
in the middle ear, loosely attached to the eardrum and joined
together by ligaments, serve to convey the sound vibration to the
membrane of the oval window (which separates the middle and
the inner ears) and thus to the lymph of the inner ear.

ERET
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Section through the right ear (Czermak); @G, external auditory meatus;
T, membrana tympsni; P, tympanic cavity or middle ear with the auditory
ossicles stretching across it and the auditory tube entering it from below;
O, oval window; r, round window; B, semicircular canal; S, cochlea; Vt,
upper canal (scala vestibuli); Pt, lower canal of cochlea, (scala tympani).
(From Zoethout and Tuttle: 4 Textbook of Phystology.)

The middle ear is lined with a mucous membrane which is con-
tinuous with that of the pharynx through the Eustachian tube.
This lining is also indirectly connected with the mastoid cells that
lie in the spongy mastoid portion of the temporal bone. Only a
thin portion of the skull bone separates this mastoid tissue from
the brain and from a large blood vessel, the sigmoid sinus, which
empties into the internal jugular vein. Any injury to this tissue
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Diagram of inner ear and nerves running from it. (From Mettler:
Neuroanatomy, The C. V. Mosby Co.)

is, therefore, fraught with danger. The Eustachian tube is shorter
and wider during childhood than during adult life, thereby favor-
ing drainage if infected, but at the same time providing an easy
path for the entrance of infection from nose or throat.

Facial 1

Defects of the Ear.—Only recently, with the development of the

audiometer, an instrument used to test the hearing of large groups
of persons, has the appallingly large number of unrecognized
cases of partial deafness been revealed. The totally deaf person
ig readily recognized, but the person suffering from slightly im-
paired hearing may himself be unconseious of his own defect,
although it definitely handicaps his efficiency. It is estimated
that from 8 to 5 per cent of the total population of the United
States suffer from some degree of hearing loss.



The person with progressive deaf-
ness should learn lip reading before
his hearing is entirely lost. There has
been great improvement in the quality
of hearing instruments in recent years,
and experts believe that their early
and intelligent use will help in the §
maintenance of a normal voice and in f
the ability to interpret correctly what |
is heard. (Keystone)

DeafneSS iS Sometimes due to fﬂ.ilure Modern hearing aids are efficient and
of the auditory nerve, but it is more inconspicuous. :
commonly due to mechanical inter-
ference in the transmission of sound to the middle ear. Otologists
believe that the great majority of hearing defects come from colds
and contagious diseases in which the ear has been neglected. Due
to the ease with which an infection of the nose or throat can be
transmitted to the middle ear through the Eustachian tube, the
ear should be carefully watched during and following cold or other
diseases, such as scarlet fever, measles, and diphtheria, in which
these tissues are involved. Infection from the nasal passages may
sometimes be forced through the Eustachian tube into the middle
ear by too vigorous blowing of the nose,

Purulent otitis media (middle ear infection) is accompanied by
pain, congestion, bulging of the eardrum, and pus formation. Pain
is relieved when the eardrum ruptures, allowing the pus to drain,
or when a physician punetures the eardrum to facilitate drainage.
Drainage through the Eustachian tube may sometimes occur in
which case the infection may be unrecognized. Unless proper
treatment follows, the infection, although no longer painful, may
continue for a long time. Such a chronic condition in the middle
ear will cause stiffening of the joints between the ossicles, and
eventually produce permanent deafness.

The catarrhal form of otitis media may result from a common
cold, chronic nasal trouble, enlarged tonsils, or adenoids. There
are inflammation and swelling in the mucous membrane of the
middle ear and Eustachian tube, The tube may become closed,
and a partial vacuum may be created in the middle ear. A watery




A dog’s sight
is not remark-
able but his
sense of smell
and sense of
hearing are un-
usually acute.

(arold . Lambrt)

exudate leaves the mucous membrane to relieve the negative pres-
sure, and the eardrum is drawn in rather than bulged. Though
pain, head noises, and diminished hearing accompany the condi-
tion, it may often be overlooked if the pain is not severe. This
condition may persist for months and finally result in permanent
thickening and retraction of the eardrum, with adhesions and dis-
placement of the ossicles interfering with the transfer of sound
through the middle ear. Chronic catarrhal otitis media is the
commonest of all types of ear disease and the chief cause of pro-
gressive deafness. Barly removal of infected tonsils and adenoids,
correction of nasal obstruetion, and prompt medical care when an
earache occurs are important preventive measures.

Another cause of impaired hearing may be the excessive secre-
tion of wax and its impaction in the auditory canal. Painful boils
in the canal may be caused by attempts to remove wax, and the
delicate eardrum may be pierced by clumsy manipulations. Im-
pacted wax should be removed by the physician at the time of
the annual physical examination or as needed.
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Particular care of the ear is desirable for those who swim often.
Water that gets into the ear ordinarily drains out rather quickly,
but in the case of a damaged eardrum it may enter the middle ear
and result in serious injury. It is advisable to use some form of
ear plugs when swimming under water or diving.

Various forms of mold or fungi find ideal conditions for growth
in the outer ear canal. Such infections may result from water in
the ear following swimming. They are painful and should be
given careful medical treatment. Toreign objects should never be
introduced into the outer canal because of the danger of injuring
the eardrum or of carrying infection into the ear canal.

The Eye.—It is estimated that more than three-fourths of all
impressions come through the eye. The optic nerve is the largest
afferent nerve in the body and contains approximately half a mil-
lion fibers. About one-half of all the sensory nerve fibers in the
body are visual.

The visual receptors occur as a layer of photosensitive cells
imbedded in the retina lying at the back of the eyeball. The
receptor cells are rods and cones. At the axis of the eyeball is
the macula lutea (yellow spot), the region of most distinet vision.
Cone-shaped cells are most abundant in this area. Its central de-
pression (fovea centralis) is formed entirely of cones. It is here
that form and especially color are best detected. In reading or in
other close work the eye moves so that rays of light from the ob-
Jjeet being studied are focused directly on the macula.

The rod-shaped cells are more abundant near the periphery of
the retina. They detect movement and are useful in the recog-
nition of moving objects far to the side. They are necessary in
twilight vision. This is associated with a photolabile substance
known as visual purple, or rhodopsin, a purplish or rose-colored
substance, that bleaches on exposure to light. When vitamin A
is lacking in the diet, especially where there is excessive light as
in the snow of Labrador or in the sun of the tropics, this visual
purple in the retina loses its power of regeneration after it is
normally bleached. Thus vision in faint light as at twilight be-
comes impossible. This condition, known as night blindness, can
be corrected by the use of a diet rich in vitamin A.

The act of seeing depends upon the formation of images on the
retina or photosensitive layer of the eyeball, a process very closely
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analogous to the formation of images in a camera. The lens, a
semifluid or jellylike body, is enclosed in an elastic capsule. This
capsule is attached by the numerous fibers of a suspensory liga-
ment to the ciliary process. The thickness of the lens can be
altered by releasing the tension on the capsule through the con-
traction of a circular musecle (ciliary muscle) which pulls forward
the choroid coat of the eyeball, thus loosening the suspensory
ligament. Since the lens is semifluid, it tends to become rounder
as this tension is released. By means of this change in the lens,
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Section of the eye. (From Carlson and Johnson: The Machinery of the
Body. Courtesy University of Chicago Press.)

rays of light from varying distances can be brought to a focus
on the stationary retina. The adjustment made by this contrac-
tion of the ciliary musecle is termed accommodation. It is neces-
sary in seeing objects closer than twenty feet.

During childhood the lens is very elastic, but with increasing
years it becomes firmer and its ability to alter its curvature de-
creases, producing a condition termed presbyopia.

The pigmented iris contains smooth musecle tissue arranged to
form radial and sphincter muscles by means of which the intensity
of light falling on the retina can be regulated. The radial mus-
cles act as dilators, making the pupil larger and allowing more
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light to enter. The sphincter muscle lessens the opening at the
center of the iris and tends to exclude light. This adjustment of
the amount of light is necessary for clear vision.

The bony socket or orbit in which the eyeball is located is cone-
shaped, lying very close to the sinuses. Any inflammation of the
mucous membranes in these cavities may cause trouble in the eyes.
It is not uncommon to trace the cause of an inflamed eye to an
infected sinus or tooth.
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Rods and cones. (From Carlson and Johnson: The Machinery of the Body.
Courtesy University of Chicago Press.)

The orbit permits only the front third of the eye to be exposed.
Protective fat cushions support the eye at the rear. The nerves
and blood vessels traversing this cushion of fat are tortuous, thus
allowing enough slack so that their normal funection is unaffected
by eye movements.

The eyebrows and eyelashes protect the eye from the perspira-
tion of the forehead, from dust and foreign particles in the sur-
rounding air and, in some measure, from excessive light. Plucked
eyebrows may, accordingly, be termed unhygienic to that extent.

Six external muscles enable the eyeball to roll on an axis and
to be turned in any direction so that objects do not appear tilted
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when the head is held on one side. They increase the range of
vision, They are used in the eye movements which bring the
words in reading into the region of clearest vision.

Deviations From Normal Vision.—Common defects of the eye
are refractive errors (myopia, hyperopia, and astigmatism),
muscle imbalance (cross-eye or squint), and cataract.

Myopia (nearsightedness) is caused by an abnormally long eye-
ball which places the retina far back so that rays of light focus
in front of it. When an object is held nearer the eyes, the image
moves back onto the retina so that vision becomes possible. Myopia
may be corrected by the use of properly fitted concave lenses.
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Diagram illustrating the changes which take place during accommodation in
the eye.

Children are usually born farsighted. It has been stated that
less than 3 per cent of them are born with myopia. The increase
in nearsightedness among children from grade to grade may
indicate that the schools require excessive use of the eyes under
improper conditions, to the detriment of the vision. Constant use
of the eyes for close work develops nearsightedness among adults.

The cause of myopia may be a combination of inherited tend-
ency and strain due to excessive use of the eyes, particularly when
inflamed. The eyeball is normally under pressure due to the fluids
within it. This pressure is increased under the action of the ex-
ternal muscles and the ciliary muscle when the eye is used for
near vision. If for any reason the coats of the eyeball are weak,
either from poor health or poor nutrition, the eychall may tend to
elongate.



Sense Organs 159

The requirements of a good reading position include attention
to distance, to the angle at which the book is held, and to the
height of the book. Eyes vary and the distance at which the book
is held should be suited to their specific needs. From twelve to
eighteen inches will usually meet the proper requirements. The
book should be held at an angle of from 45° to 70°, measured
from horizontal, and high enough to bring all parts of the page
equidistant from the eye.

Diagram to show external eye muscles. n, optic nerve; m, the optic chiasma;
4, cornea; a, the external rectus; ¢, the internal rectus; 8, the superior rectus;
t, the superior oblique, and wu, its pulley; the inferior rector and oblique are
not shown. (Gariel.)

Hyperopia, or farsightedness, occurs when the eyeball is too
short from front to back, and the image is formed behind the retina.
The ciliary muscle must constantly be brought into action in order
to round the lens and bring the image forward onto the retina.
This results in eyestrain. Hyperopia may be corrected by the use
of properly fitted convex lenses.

Astigmatism is due to irregular curvature of the cornea or the
lens. In this condition the image formed on the retina is blurred
or distorted. Vision in certain places is distinet while in others
it is not. Astigmatism is usually congenital, although it may
result from an injury or an inflammation. Severe symptoms of
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eyestrain usually accompany astigmatism, and a large percentage
of functional headaches are caused by it.

A long list of symptomatic conditions, including dizziness, con-
vulsions, rapid heartbeat, indigestion, constipation, and pains in
the various parts of the body may be ascribed to astigmatism. Chil-
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Errors in refraction. A4,
The normal, or emmetropic,
eye is of the proper depth
and the image forms upon
the retina. B, In short sight,
or myopia, the eyeball is too
long and a concave lens is
needed to make the image
fall on the retina. C, In
long sight, or hyperopia, the
eyeball is too short and a
convex lens is needed to make
the image fall on the retina.
(From Bard: Macleod’s
Physiology in Modern Medi
cine, The C. V. Mosby Co.)

dren suffering from astigmatism may develop lateral curvature
of the spine from the tilting of the head and shoulders in an effort
to secure a clear image. The use of properly fitted glasses is the
only method of relieving this condition. Correction should be
undertaken before the child is six years of age.

Muscle Imbalance (Cross-Eye or Squint).—The eyes of the child
at birth do not work together, but by the end of the first year
they are fairly well coordinated. Coordination depends upon the
action of the six pairs of external muscles, If these are not well
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balanced, there is a constant effort required to hold the eyes in
alignment during waking hours. During sleep the eyes resume
an attitude of rest out of line. If the muscle imbalance is great
enough, the muscles fail to hold the eyes properly even during
waking hours, and the eyes seek their position of relaxation with
only one eye functioning. The squint may be internal, with the
eye crossed inward, the most common form of ‘‘cross-eye’’; or
external, with one eye turned outward.

The cause of cross-eye is usually congenital farsightedness, but
it may also be due to defects in the external eye muscles. In
many of these cases there is unequal vision in the two eyes. If it
is not treated, the vision of one eye becomes permanently im-
paired, and the person not only suffers a disfigurement but also
goes through life with monocular, rather than binocular, vision.

The majority of cases of cross-eye can be corrected if treated
early in life by a properly qualified physician. The treatment
may be occluding the good eye, glasses, exercise, or an operation.
The prospect of ultimate success is better if the treatment is given
before the child is six years of age.

Cataract is any opacity of the lens. It is fairly common in old
age (senile cataract) where the accepted treatment is surgical
removal of the lens with the subsequent use of an artificial lens in
front of the eye. Congenital cataract is relatively rare and has a
different type of surgical treatment.

Diseases of the Eye.—In addition to these defects of vision
there are other eye disorders.

Blepharitis is an inflammatory condition of the eyelids in which
the edges are covered with small white or gray scales consisting of
dried, hardened secretions. It usually oceurs in poorly nourished
children, especially if eyestrain already exists. It requires careful
treatment, since severe cases may cause retraction of the lid so
that the lashes rub against the eyeball.

A stye is an infection of one of the small oil glands which oceur
along the margin of the eyelid. It is commonly associated with
poor general health or with eyestrain. Proper treatment and care
to prevent multiple infections are important.

Conjunctivitis is an inflammation of the conjunctiva, the mucous
tissue which lines the eyelid and covers the front of the eyeball,
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It frequently accompanies colds. Blepharitis, styes, and conjune-
tivitis are all more likely to oceur if the body is in poor health and
the eyes are subjeet to strain.

Trachoma is a chronie contagious form of granular conjunectivitis.
It is believed to be due to a virus that produces inflammation and
causes the formation of so-called trachoma granulations on the
inside of the upper lid. These granulations ultimately form sear
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An illustration of glare. (Courtesy General Electric Co.)

tissue and may result in permanent injury and blindness.
Trachoma is believed to be conveyed mechanically to the eye by the
ase of common washeloths, towels, handkerchiefs, or fingers. It
occurs most frequently in unsanitary surroundings and among
populations that are overcrowded and underfed. The sulfa drugs
have proved very helpful in treating this disease. We are not
sure whether it acts chiefly on the virus or the secondary invaders
(see Appendix A for further public health faets).



Ophthalmia neonatorum is an
inflammation of the conjunectiva
during the first two weeks of a
baby’s life. Any one of several
pathogenic organisms may be
the cause. It is due to infection
which the child contracts during
birth or through contact with
contaminated fingers or other
objects later. (See ‘‘Conjunc-
tivitis’’ in Appendix A.)

Glaucoma is a disease of the
eye which usually oceurs in
persons over 45 ycars of age.
The cause is not well under-
stood. It is charaeterized by
intense intra-ocular pressure or

hypertension resulting in hardness of the eye.

retina and blindness often take place.

(Harold M. Lambert)
Glasses do not reduce attractiveness.

Atrophy of the

Causes of Blindness.—The types of conditions which, cause
blindness and their relative importance are indicated in the

following table:

CAUSES 0F BLINDNESS

PER CENT OF TOTAL

CAUSE | CHILDREN | ADULTS
Infectious disease (Ophthalmia neonatorum and
syphilis being the two most important) 23.1 23
Trauma 6.9 13
Poisonings 0.2 1
Neoplasms 3.6 1
General diseases 1.4 6
Prenatal origin 55.0 10
Undetermined or not speeified 9.8 46
Total 100.0 100.0

Hygiene of the Eyes.—The chief problems of vision occur in
using the eyes for reading or other close work. In distant vision

very little, if any, strain occurs.

Most of us fail to realize the tremendous amount of precise,
rapid, and coordinated muscular activity involved in reading.
The external muscles must move the eyes so that they follow
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along each line. This is done in a series of jumps, for the region
of clear vision is short. The eye must then jump back to the
beginning of the next line. If difficulties are encountered, other
movements are added. At the same time constant effort is neces-
sary to keep the two eyes exactly centered on the same point with
every movement. The very delicate ciliary musecles controlling
the convexity of the lens must be kept in constant tension in order
to keep the visual images clearly focused on the retina. This is
also true of the muscles controlling the regulation of light through
the iris. The efficiency with which these muscles do their work is
remarkable, and the fact that eyestrain follows when they are re-
quired to labor under unfavorable conditions is not surprising.

If one feels that he must read while lying down, he should take
precautions to create as favorable conditions as possible. In the
first place, the body should be placed in a semisitting position.
The book should be propped up on a level with the eyes, and the
light should be arranged so that it comes from the head of the bed.

A practice that cannot be too strongly condemned is that of
reading while traveling in a moving car. The motion of the car
which produces a constant variation in the distance of the eye
from the book and the constantly varying intensity of the light
tend to create an enormous strain upon the museles of accommo-
dation in the eye, the external musecles, and the muscles control-
ling the action of the iris.

Glare may be defined as any light that causes discomfort and
interferes with clear vision. A light from an unshaded source
shining into the eye without illuminating the object toward which
vision is directed (a too glossy paper or too shiny furniture) tends
to produce eyestrain. Direct sunlight reflected from a printed
page is particularly injurious. The iris reacts to this light and
in contracting reduces the visibility of the object being studied.
Light should fall upon one’s work from over the shoulder. Other-
wise strain results and headaches may follow.

Caution should be used in protecting the retina of the eye from
direct rays of the sun. If one looks directly at the sun, the lens
of the eye serves as a burning glass, and the rays of the sun may
actually destroy portions of the seeing area of the retina just as
the same rays brought to a focus on a bit of paper would scorch it.
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The brilliant light of the are in a welding machine is injurious to
the eye because it produces ultraviolet radiation. In this case,
the eye should be protected completely from all reflections of the
light as well as from the direct rays.

The hygiene of the eye is closely related to nutrition and the
condition of the general health of the body. Poor physique is
quickly reflected in the eye, which seems less able to withstand
the strain under which it works. Exercise increases the metab-
olism of the whole body, including that of the eyes. We have
already referred to the relationship between night blindness and
vitamin A.

Frequent examination of the eye by a skilled operator is im-
portant. Those who are trained to examine the eye come under
two classes, and it is well to be able to differentiate clearly the
ability of the two groups.

An oculist, or ophthalmologist, is a physician who has special-
ized in the study of the eye. As a physician he knows the body
as a whole and is able to make a diagnosis of conditions in the
eye in relation to the health of the body. He sometimes uses
drops of belladonna or atropine to dilate the pupil and quiet the
ciliary muscle, thus facilitating the examination, Only a’physi-
cian can use this method.

An optometrist, on the other hand, is one who has made a study
of the eye itself, particularly its measurement for refractive errors.
He is not a physician and ecannot consider the eye in relation to
the general health of the body, although he is competent to make
a careful examination or refraction of the eye itself.

An optician is’ one who has been trained to make and grind
lenses and to make and adjust glasses.

There are many fake ‘“eye specialists’’ who advertise them-
selves extensively for the fitting of glasses. There is danger in
allowing an improperly qualified person to treat an organ so
delicate as the eye.
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CHAPTER XI
THE HYGIENE OF THE NERVOUS SYSTEM

The nervous system in man climaxes in design and capabilities
all other human mechanisms. It is composed of highly specialized
excitable tissue, capable of receiving and transmitting impulses
and providing the structural basis for memory and reason. Through
the recording of experiences and emotions it provides the basis
for personality and social adjustment.

Structure and Function.—Two closely associated structures con-
stitute the nervous system. The cerebrospinal system consists of
the brain and spinal cord with their attached nerves, and con-
trols all voluntary and certain usually involuntary functions, such
as breathing.

The autonomic system, lying in front of the vertebral column,
consists of a connected series of ganglia (groups of nerve cells)
running parallel to the spinal column and scattered through the
head, chest, abdomen, and pelvis. Subject to influences from the
emotions, the autonomic system controls automatically certain
digestive, circulatory, and other vital processes. If you will refer
to the diagram on page 69, you will note that the autonomic
nervous system is composed of two main subdivisions; the sym-
pathetic and the parasympathetic. These two sets of nerves pro-
duce opposite reactions in many parts of the body. For example,
the sympathetic nerves speed up the heart action, the parasympa-
thetic nerves slow it down; the sympathetic nerve dilates the
pupil of the eye, the parasympathetic nerve constricts it. The
autonomic system is connected with the central nervous system
through connections with the spinal nerves.

The unit of nerve structure, the nerve cell, or neuron, consists
of a cell body with two or more threadlike extensions. The main
extension, called the axonme, is longer than any other and some-
times extends three or four feet beyond the cell. The much-
branched, shorter extensions are called dendrites. A nerve im-
pulse passes from the axone of one cell to a dendrite of another
at a contact point at their tips called a synapse. Dendrites char-
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acteristically pick up sensations and carry them to the eell body,
while axones carry impulses away from the cell body. The cell
bodies of neurons are grouped in the brain, spinal cord, and in
the ganglia. Some neurons (sensory or afferent) conduct nerve
impulses from sense receptors to the central system; others (mo-
tor or efferent) bear impulses from the central system to the
periphery, as in the stimulation of muscles or glands. A third
group of neurons (association or intermediate), found only in the
central nervous system, connect the other two.

Nerves consist of bundles of nerve fibers, either axones or dend-
rites, or both. Pairs of nerves extend from the brain and spinal
cord in an orderly fashion to various parts of the body. The
cranial nerves innervate the most important sense organs. Motor
nerves to one side of the body originate, for the most part, in the
opposite side of the brain.

Dendritic process
~= Nerve cell body

Diagram of a nerve cell. Dotted line indicates that only part of the axonms,
or axis cylinder process, is shown. (After Pitzman.)

A
(nuclei terminales)

The exact nature of the nerve impulse is not clearly understood.
It is similar in some respects to an electric current, although it
travels much more slowly—Iless than 100 meters per second.

The spinal cord is made up of a core of grayish material, com-
posed of cell bodies surrounded by a white substance consisting
of layers of nerve fibers. In a simple reflex like that of with-
drawing the hand from a hot object, the impulse set up by the
heat stimulus passes along the nerves from the skin to the spinal
cord. Here each impulse is transferred from the first cell body
to one that sends an outgoing motor message to the muscle. Thus
the hand is pulled away from the hot object. Although the reflex
is made in the spinal cord before the transfer of the stimulus to
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the brain, we may later become conseious of the sensation of heat.
The nerve path of a reflex (the reflex arc) is shown in the accom-
panying diagram.

Many reflexes are established at birth and are called inborn or
unconditioned reflexes. Other reflexes, known as conditioned or
acquired, arise through experience. Their pathways are not fully
established at birth but develop by training.

Dorsal root

Spinal ganglion

Ventral root Muscle

A simple reflex moves the hand from a hot object. Trace the path of the
nerve impulse from the skin which receives the stimulus, through the cross
section of the spinal cord to the muscle which moves the hand.

The brain consists of the eerebrum, which is the largest part and
the center of consciousness; the cerebellum, which is more di-
rectly concerned with details of motor activity; the pons, which
serves as a pathway between the cerebrum and cerebellum; and
the medulla, which joins the main portions of the brain to the
spinal cord. The most important part of the cerebrum is the ‘‘gray
matter’’ or cortex, the wrinkled outer layer composed mainly of
cell bodies, which provides elaborate interconnections and gives
us the power of appreciating sensations, initiating aets, thinking,
remembering and reasoning. There is evidence to indicate that,
to a considerable degree, special functions, such as sight, hearing,
language, emotion, taste, and smell are related to particular areas
in the cortex. That part of the cerebrum lying beneath the cortex
congists primarily of nerve fibers. Our consideration of the prob-
lem of hygiene does not demand an exhaustive study of the strue-
ture of the spinal cord and the brain.
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The nervous system is composed of living cells which increase
in efficiency through use. These cells, however, demand rest be-
tween periods of great activity. They become tired at the end
of the day’s work, and if overused or abused, become hypersen-
sitive. Consequently, the system is unable to function normally,
and the person becomes irritable.

Frontal lobe

Temporal lobe

Pons

Medulla oblongat:

Cerebellum

The brain from below. (From Francis: Fundamentals of Anatomy.)

Habit.—Energy-saving habits are made possible through the
development of what may be considered a series of reflexes. For
example, a given series of movements, such as those used in but-
toning clothing, develop in response to given situations. These
movements almost automatieally follow a given situation because
a well-established path is developed between the nerve endings
receiving stimuli from a particular situation and the nerve end-
ings stimulating the proper muscular movement. The contact of
the fingers with the button and the buttonhole initiates a series
of impulses resulting in the movements which put the button in
place. These movements do not demand conscious attention un-
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less some difficulty is encountered. KEating, dressing, and many
activities connected with the daily work are relegated to the
realm of habit, and thus spare the energy of the nervous system.
Energy-saving habits are highly desirable.

Apart from this, psychologists have pointed out a group of so-
called indifferent habits, such as the continual use of particular
words and phrases, and the lack of reasonable variety in dress
and recreation. They have shown that old age reflects a fixity
of the nervous system which such long-continued habits have

Tracing of brain showing areas of cerebral localization. (From Francis:
Fundamentals of Anatomy.)

limited to particular channels of thought and action. If this is
true, it is possible to postpone old age by occasionally breaking
up these habits in a determined fashion and freeing the mind from
ruts.

Concentration.—Perhaps the most important characteristic of
the efficient nervous system is the power of concentration upon
the task at hand. This is expressed in another way as the power
of inhibiting undesirable stimuli. Concentration is equally valu-
able in work and in recreation.
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In work the individual inhibits from the center of consciousness
those thoughts which are not germane to the subject in hand and
also those extraneous stimuli which arise from the surroundings
and make their way to the center of consciousness through the
portals of sight, hearing, touch, and perhaps taste and smell.

In recreation the reverse process obtains and the individual
severely forbids thoughts and worries of his work to ecrowd in
upon the enjoyment of the pleasures he has allowed himself. For
those persons who, like great executives, are obliged to shoulder
heavy responsibilities and are weighed down with numerous cares,
the power of complete relaxation may be a saving grace. The
criticism sometimes made of Lincoln and other men of his type
for brief periods of light-heartedness in the midst of great prob-
lems is entirely unjust and unreasonable.

The power of concentration is so intimately linked with effi-
ciency and personal success that one may well ask how it may be
secured or improved. Perhaps the most valuable aid is good
health, for with it the body is free from minor pains, irritations,
and morbid sensations that constantly break into the train of
thought of the physically unfit, opening the way for other dis-
tracting influences.

Fondness for one’s work is another important factor, since the
work itself makes a constant appeal to the mentality and the
volition. That is why there is a unity between the things people
like to do and the things they do well. The arrangement of one’s
workshop or desk in such a way that only one thing at a time is
before the worker is helpful. Often it is of material assistance
to ‘occupy the hands with a pencil in making notes or sketches,
or with models, apparatus, or instruments in studying technie.
It is well to eliminate such distracting stimuli as glare, uncom-
fortable chairs, or confusion of material.

Sleep.—No satisfactory substitute for sleep can be found. The
unconsciousness of sound sleep carries with it the nearly complete
relaxation of the muscles. This is the time for the body tissues
to make good their losses. It is largely this relaxation and its
accompanying reduction of oxidation that makes a person chilly
upon falling asleep in his chair in a room that previously seemed
warm. The peripheral circulation and, consequently, the rate of
heat loss are also increased during sleep.
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Efficiency demands concentration.

Factors other than nervous fatigue are important in determin-
ing the amount of sleep required. It varies greatly in different
persons and is markedly greater in the young than in the old.
Heavy eaters are characteristically heavy sleepers, whereas a
reduction in the amount of food eaten and more complete mastica-
tion reduce the amount of sleep these persons need.

Eight hours of sleep are sufficient for the average normal and
healthy adult person; but the thin and nervously exhausted adult
may find that an extra hour of sleep or an afternoon rest period
is indispensable. Sleep is heaviest during the first two hours, and
thereafter the person is awakened more easily. This does not
necessarily mean that the later hours of sleep are not equally
restful; it merely indicates that the nervous threshold has been
lowered by the rest already secured.

The difficulties in going to sleep promptly and in sleeping sound-
ly do not usually exist for the normal person if he is physically
tired. Wakefulness often seems more serious than it really is,
for, although the person may hear the clock strike regularly he
may still obtain several hours of light and dozing sleep. Tt is
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sometimes possible to avoid sleeplessness by the elimination of
disturbing factors., The bed should be comfortable, the room
dark and quiet, and the ventilation adequate. The absolute ban-
ishment from the mind of excitement and worries, persistent ré-
flection upon inconsequsﬂtial and humdrum things, and the con-
scious and complete relaxation of all muscles also aid a person
in promptly falling asleep.

The graph on page 177 shows the relationship between the.
amount of sleep and working efficiency. The data are taken from .
a study of rest pauses and employee effectiveness made by the
Western Electric Company. In this research, with which the
author was associated, the output for individual days was com-
pared with the number of hours of sleep obtained the night be-
fore, The averages shown in the graph were compiled from data
extending over a period of several months and indicate clearly
that sleep is a measurable factor in determining a person’s pro-
ductivity, The workers studied were five young women engaged
in & light, manual, bench operation requiring dexterity. Some
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(Grom Mus)

Can you relax completely? Note carefully the upper picture. Muscles may
still be tense although one is lying down. Learn to let go completely in
each muscle as in the lower picture.

girls were able to withstand loss of sleep much better than others
so far as reduced working capacity was concerned.

Dreams.—There are two types of dreams, the remote and the
recent. The remote type deals with experiences widely separated
from the activities of the day; the recent type deals with the
worries and problems of our waking hours. It is the latter, and
not the former, which should be a warning to us that our nervous
system is not in a rested and normal condition.

Change of Work.—Another method of resting the nervous sys-
tem is by a change of work which puts into play a wholly dif-
ferent set of nerve structures. The man who has worked over
a machine all day and is thoroughly tired may rest his nervous
system and refresh his muscular system by playing baseball or
tennis. But one must be careful, in this connection, not to commit
the fallacy of assuming that nervous excitement, when it involves
the nervous structures already tired, is rest. The man who is
tired from driving an automobile may forget his weariness by
watching a moving picture of an automobile race; but he is not
rested thereby, and it is only the strong stimulation of the over-
tired nervous structures which causes him to forget his fatigue
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temporarily. It is probably unfortunate for the nervous system
as well as for family life that the habit of quiet home reading
has been so widely abandoned for a variety of exciting social
amusements.
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Graph showing relationship between the number of hours of slesp obtained
by factory employees doing light manual work and the output the following
day. The number of days included in each average is shown in the circles.
(Courtesy Western Electric Co.)

Overwork.—OQOverworking the mind means putting too great a
tax upon its endurance and not too strenuous an endeavor to
concentrate the mental faculties. It is a case of too long hours
and not of too vigorous mental work. There is a maxim for stu-
dents in regulating their hours of daily work that ‘‘8 plus 2
equals 10 but 10 plus 2 equals 8’ when measured by the effective
work done. In others words, there is a time limit in taxing the
nervous system beyond which accomplishment is reduced.

Bodily Defects.—We remember that pain has the same effect
upon many organs of the body as rage, fear, and anxiety; and
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it seems reasonable that many mild bodily ills, which are tolerated
when they should be corrected, will create continuous and harm-
ful sensations in the central nervous system. Decayed teeth, foot
disorders (fallen arches, ill-fitting shoes, corns, and blisters), the
wearing of orthodontic appliances by children, nasal obstruction,
tonsillar and adenoid trouble, hemorrhoids, and uterine displace-
ment are examples of conditions that should receive prompt atten-
tion, not only for their own sake but also for the injury they do to
the nervous system.
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CHAPTER XII

MENTAL HYGIENE*

What Is Mental Hygiene?—Mental hygiene, whether it is con-
ceived as a movement in the field of public health, or as an art or
a science, concerns itself with the human mind and with ways and
means of preserving its integrity, and of preventing its impairment.

From the community point of view, mental hygiene is concerned
with problems of the hospital care of the mentally diseased, dis-
ordered, and defective. It also deals with the problems of the
delinquents, alcoholics, drug addicts, prostitutes, illegitimates, and
dependents. All these involve the state, school, church, neighbor-
hood, and industry.

From the individual standpoint, mental hygiene includes the
ways and means of obtaining personal enrichment of life and
developing to the utmost the capacities and potentialities of the
family.

Mental hygiene utilizes the sciences and arts of medicine, psy-
chiatry, psychology, mental testing, sociology and social work,
economics, and education. It is dependent upon the contributions
of the biologie, medical, psychologic, and social sciences, and it
has been influenced considerably by philosophical and speculative
considerations (psychoanalysis). In mental hygiene one deals
with such psychologic concepts as capacities, tendencies, activ-
ities, instincts, desires, wishes, attitudes, emotions, and feelings.
The ‘‘total situation’’ in which human beings find themselves in
the interplay of everyday relationships forms a major topic in
mental hygiene.

Mental hygiene concerns itself chiefly with the understanding
and control of environmental and personal factors, and gives sec-

*The author wishes to acknowledge the courtesy of the Massachusetts Soclety
for Mental Hygiene for the privilege of presenting in this chapter a statement
of the problem based upon A Mental Hfgiene r, issued by the organiza-
tion and originally prepared by the following eminent authorities: Henry B.
Bilkind, M.D.; Donald Greeg, M.D.; Abraham Myerson, M.D.; Harry C. Solo-
mon, M.D.; A. Warren Stearns, M.D.; Willlam H. Bumham. Ph.D.; Douglas A.
Thom, M.D.; Walter BE. Fernald, M.D.; Ransom A. Greene, M.D.: and William
Healy, M.D. Special appreciation is expressed to Dr. Elkind for individual as-
sistance in arranging the material,
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ondary consideration to hereditary influences, not because the
latter do not play an ever important role in human existence, but
because it is impossible to change one’s heredity. Only so far as
prospective mating and issue are involved does eugenics become
the concern of mental hygiene.

Mental hygiene first became the exclusive interest of an organ-
ized movement in the field of public health in 1909 when Clifford
W. Beers founded the National Committee for Mental Hygiene.
Prior to that time and since that date, leadership in the field of
mental hygiene has been assumed and maintained by psychiatrists.
This has resulted in an undue emphasis on the abnormal aspects
of human behavior. Incrcased consideration is now being given
to positive and constructive possibilities in mental hygiene.

We hope that through education a significant amount of mental
disease and disorder will be cut down, the mentally defective will
be better adjusted to the requirements of the community, and
much of the misery of present-day civilization will be ameliorated.
Every one should have some insight into the factors contributing
to mental difficulty.

There is no question as to the importance of the problems to
the community. It has been estimated that one out of every ten
to twenty persons born will develop mental disease eventually
and will have to enter a mental discase hospital. Over one-half
the hospital beds in this country are used for mental disease. The
mentally defective make up from 2 to 5 per cent of the general
population. The hosts of neurotic persons, the delinquents and
criminals, and the socially inadequate, whose number is difficult to
ascertain, form a truly staggering figure.

Mild Cases of Mental Disorder.—Incipient and mild cases of
mental disorder much more commonly involve the emotions than
the intellect. By intellect we mean the portion of our mental
processes involving memory, calculations, theories, plans, etec.,
which usually pertain to the material world surrounding us. By
emotions we mean our feelings that result from stimuli that act
upon us and produce a reaction. Adding two and two, or remem-
bering who was president of the United States in 1900, is essen-
tially an intellectual activity; jumping when a door slams, or
crying over news of the death of a dear one, is essentially an
emotional activity.
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The emotional activity that is most commonly associated with
mild cases of mental disorder is the one activity that results when
our big instinets are thwarted, or are in danger of being thwarted
—in other words, fear, in all its varying forms, conscious and un-
conscious. We have an instinet of self-preservation, and we are
afraid of illness, or symptoms that we believe indicate illness;
we fear financial failure, or difficulties that threaten our social
status. We have an instinet to do as others do, and we are dis-
tressed if we cannot have a straw hat when every one else is
wearing one. We have an instinet to pass on life to another
generation, and we are worried if we cannot marry and have a
home of our own. Fears of one sort or another produce most cases
of mild mental disorder. The problem is, How can we be freed
from these fears?

Where do our emotions come from? They arise from our environ-
ment as environmental strains, from our bodies as pains, and from
our minds as worries. And of these three sources the most com-
mon is the mind. Hard work alone, or pain alone, seldom, if ever,
produces mental disorder; but work plus worry, pain plus worry,
or sleeplessness plus worry (not sleeplessness alone) may result
at times in mild mental disorder. By cutting out worries, by
following a code of behavior which meets our own approval and
that of society, by understanding our troubles, and, if we cannot
solve them, by gaining a trust in a Higher Power that will bring
things out all right in good time, we can avoid mild cases of
mental disorder.

Of course, persons vary greatly in the degree to which they
react to emotional stimuli, and any one person varies from time
to time in his reactions. John may suffer from having a discord
struck on a piano, while Charles may not notice the discord at all.
When a person is chronically so sensitive as to be incapacitated
by stimuli that produce little effect on most persons, he is con.
sidered to be in a psychopathic state of mind, and he must learn
to control his reactions to these stimuli. This is best done by
occupation that diverts his attention from his sensations, or by
substitution of other and more important and engrossing stimuli;
thus, many a psychopathie person has found health when happily
at work, and many a ‘‘nervous invalid’’ in time of crisis has be-
come a successful leader.



Perhaps the com-
monest symptoms of
approaching mental
breakdown are depres-
sion and feclings of in-
adequacy. Such feel-
ings arise frequently
with fatigue, and after
" or during illness, espe-

@ ially jaundice and in-

(Ewing Galloway) fluenza. Statistics show

Health includes mental health. that acute recoverable

mental cases are more

likely to be depressed than severe non-recoverable cases. To he
depressed requires brains, and working hrains.

There are two excellent rules to follow:

First, when you have worked until you are tired and then are
compelled to keep on working, and you begin to feel less and less
tired the more work you do, and you seem to require progres-
sively less sleep, be careful! You have tired out your sense of
fatigue. Stop work and take a vacation, or you will probably have
to take a long one.

Second, when you begin to feel that no one can do your job
but yourself, be careful! A fresh assistant can do almost any job
better than you can when you are tired. Again it is time for a
vacation unless you want to be forced to take a long rest.

Psychoneuroses.—The term *‘psychoneurosis’’ is used to in-
olude certain nervous and mental disorders in which no alteration
can be found in any part of the nervous system. Onec might com-
pare the psychoneuroses to a wateh that needs oiling or cleaning,
or merely winding up, not with one that has a vital part broken.

Psychoneuroses are divided by physicians into three kinds:
neurasthenia, psychasthenia, and hysteria. Fundamentally, neu-
rasthenie is marked by an increased liability to fatigue. The
tired feeling that comes on with a minimum of exertion, that is
worse on arising than on going to bed, is its distinguishing mark.
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This fatigue enters into all functions of the mind and body.
It is often marked by a lack of control over the emotional ex-
pression, so that anger blazes forth more easily over trifles, and
even slight vexation brings tears.

In addition to this central group of symptoms are varied pains
and aches which are really more often disagreeable feelings rather
than true pains; changes in the appetite and in the condition of
the bowels; and insomnia or disturbed, restless slumber. Worry
is a fundamental emotion in the symptoms of neurasthenia.
It takes two main forms: first, the worry over the life situation
in general; and, second, a special form of worry called hypo-
chondria, which essentially is morbid anxiety about one’s own
health,

The term psychasthenia includes a group of conditions in which
the bodily symptoms, such as fatigue, sleeplessness, loss of appetite,
ete., either are not so marked as in neurasthenia or are overshad-
owed by other more distinetly mental symptoms. These mental
symptoms are of three main types: First, recurring fears of all
kinds and descriptions, fears which have received formidable Greek
names, but which are fears of open places, of closed places, of being
alone, of dirt, and of disease. Second, obsessive ideas and doubts
which persist in coming, against the will of the patient. In ex-
treme psychasthenia the difficulty of making decisions becomes so
great that a person may g :
suffer an agony of in-
ternal debate about
crossing the street, put-
ting on the eclothing,
eating the meals, in
fact, about every detail

A vacation combining
recreational reading with a
program of activity is one
cure for mental fatigue.

(. Armstrong Roberts)
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of action and thought. Third, impulsions and habits. The im-
pulsions are sometimes absurd, as when a person feels compelled
to step over every crack, to touch the posts along the journey,
or to take three steps at a time. The habits range from the
desire to bite one’s nails to the quick, which is so common in
children and which persists in the psychasthenic adult, to the odd
grimaces, facial contortions, blinking of the eyes, and cracking of
the joints,

The third great psychoneurosis is hysteria, which almost de-
fies a short account. There is a hysteric temperament, an emo-
tional instability, and an egotistie, casily wounded nature, craving
sympathy and respect, admiration and achievement, but unable to
earn them legitimately. Next is a group of symptoms, the so-called
paralyses, which may involve any part of the body and persist in
certain cases for years. These paralyses yield remarkably to any
energizing influence as good fortune, the compelling personality of
a physician, clergyman, or healer (the miracle cure), or a serious
danger. Comparable to the paralyses are queer losses in sensation
which sometimes take the form of hysterical blindness, or deafness,
and which, like the paralyses, yield at times in bizarre manner to
unusual influences.

We may discuss the causative factors of these three conditions.
Let us start with the statement that mind and body are one, that
what happens to one physically may change the whole trend of
thinking, feeling, and acting; and what happens to one mentally,
either as an idea or as an emotion, may change the workings of the
body, disturbing sleep, digestion, and the coordinated action of
the great organs of the body. These are psychosomatic relation-
ships. Thus psychoneuroses may follow exhausting illness, sur-
gical operation, difficult childbirth, and any other situation which
drains the energy and resources of the organism.

Just as surely as physical situations may cause neurasthenia,
psychasthenia, or hysteria, so mental situations may likewise cause
them. Fear may arise as a sudden and overpowering emotion on
the battlefield, or in the perilous places in industry, or on the streets
of the cities, and, occasionally, even in the safest and coziest nook
of the home. Fear may act as a most potent drug, and its physical
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effects may range from the cold chill, the rapid heartbeat, the sharp,
painful respiration, and the all-gone feeling in the abdomen, to the
most complete unconseciousness.

Every human being is a pot boiling with desires, passions, lusts,
wishes, purposes, ideas, and emotions, some of which he clearly
recognizes and clearly admits, and some of which he does not clearly
recognize and which he would deny. These desires, passions, and
purposes are not in harmony with one another; they are often
irreconcilable, and one must often be suppressed for the expression
of the other. It is in these conflicts and their results that the
major part of neurasthenia, psychasthenia, and hysteria arises.

Serious Cases of Mental Disorder.—The cases of mental disease
in which the symptoms become marked are characterized as in-
sanity. It should be thoroughly understood that from the stand-
point of medicine insanity is a useless term. However, let us
briefly review the types of mental disease with symptoms that fre-
quently make it necessary to secure medical supervision in an
institution. The cases may be divided into two major groups:
(A) those in which a definite recognizable organic disorder exists,
from which disorder the mental symptoms arise; and (B) those
in which no such organic disorder has been denionstrated, and
which we are prone to consider as a group of functional psychoses,
that is, with disorders not of organie origin.

A. The organic group consists of cases in which one of the fol-
lowing occurs:

1. A pathologie process having its primary seat in the central
nervous system, as (a) general paresis (‘‘softening of the brain’’
due to syphilis), (b) brain tumor, (¢) cerebral arteriosclerosis
(““hardening of arteries of brain’’), (d) senile dementia, (e)
multiple sclerosis and (f) injury to the brain as from a blow on
the head.

2. An injury of the brain secondary to disease in the body, such
as (a) fever delirium, (b) uremic ‘‘poisoning,’’ (e¢) injury due to
disorders of the endocrine systems, such as exophthalmie goiter
and myxedema.

3. An injury of the brain due to poisons taken into the body,
as alcohol, drugs, metallic poisons (lead, mercury).
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Some of the conditions, such as brain tumor, senile dementia,
and the other degenerative lesions, we are helpless to prevent.
On the other hand, the prevention or early and adequate treat-
ment of acquired syphilis should prevent general paresis. Ab-
stinence will prevent the diseases arising from aleohol and drugs.
Hygiene will eliminate the possibility of metallic poisons, and the
reduction of infections will diminish the resultant mental symp-
toms.

B. The functional psychoses must be considered from the psycho-
logic standpoint. While heredity and constitutional factors have
a bearing upon the development of these psychoses, they are so in-
tangible that they cannot be considered of any great practical
application. Mental factors, life experiences, are the elements
that must be studied.

One group of these cases includes manic-depressive psychosis
and involutional melancholia., While the symptoms may be ex-
ceedingly marked and disturbing, the prognosis is, on the whole,
good.

The second large group of functional psychoses are those that
have a tendency to deterioration and chronicity, and are usually
considered under the medical diagnosis of schizophrenia (dementia
praecor). These cases tend to show disorder of thought (delusions,
hallucinations). They begin, on the average, at the adolescent
period and have a bad prognosis. They become the most un-
fortunate and the most important of the mental disorders. They
represent a high proportion of the cases admitted to the state
hospitals for mental diseases.

Finally, mention should be made of paranoia, a condition charac-
terized by the development of delusions. The disease progresses
slowly and insidiously and makes the patient unfit for normal life.

Prophylaxis should be directed toward proper training during
the early days of childhood. Each case should be considered on
its own merits and should be studied from the standpoint of the
person himself, his personal endowments, his past experiences and
difficulties.

Mental Difficulties of Peculiar Persons.—Conspicuous among
eccentric persons are the paranoid personalities. These individ-
uals are peculiarly sensitive. Their ego is dominant, and they care
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more for its promptings than for the commendation ‘of the other
members of their group. These persons frequently head reform
movements, but more often they live a thorn in the flesh of their
associates, quibbling over the social transgressions of their neigh-
bors, and attempting numerous social measures in an unconscious
and blind struggle against the dictates of the larger herd or group
of people. Among these will be found sympathizers with the
enemy in time of war, certain conscientious objectors, and those
who habitually form themselves into ‘‘anti’’ societies. Carried to
the extreme degree, these persons are called paranoiacs—those
who are so far unbalanced as to have delusions of persecution and
ideas of grandeur. Mental hygiene does not attempt to remake
these individuals, but it asserts that, understood and tolerated, most
of them are useful and important members of society.

A word of caution is necessary in considering this group, and
this is our innate tendency to regard any one who disagrees with
us as being of morbid or inferior mind. It must be remembered
that every once in a while one of these persons is right, and the
world is wrong.

Another type of personality that leads to conduct disorder is
that having unstable or untrained emotion. Such a person reacts
excessively to the ordinary emotional irritants of life, and often
violently to minor stimuli. To be sure, this emotional instability
is almost normal in childhood, and when we deal with it in adult
life, we can hardly be sure whether the condition is due to an innate
quality or to the lack of opportunity for acquiring normal poise.

Another type frequently mentioned is the inadequate personality.
With these persons we can never be sure whether they can, but do
not want to, or whether they want to, but cannot. The net result,
however, is clear; viz., they must be carried along by their stronger,
more virile, associates.

Generally speaking, it is wrong to think of these disorders of per-
sonality as insanity, and they are better understood if they are
conceived as types of mankind.

Mental Health for Normal Children..—Among normal in-
dividuals, especially children, we often see reactions suggestive
of those which characterize mental illness. Only when they are



A good hobby contributes to mental health.

exaggerated and repcated, becoming consistent behavior patterns,
are they cause for alarm. The following table lists some of these
reactions:

MENTAL DISEASES HAVING
BEIIAVIOR IN CHILDREN WHICII IS SERIOUS SIMILAR BUT EXAGGERATED
ONLY WHEN HABITUAL REACTIONS

Avoiding unpleasant assignments by having ‘‘in-
digestion’’ or a ‘‘headache’’ or by being

‘“all tired out’’ Neurasthenia
Doing needless things (like stepping over every .

crack) for fear of ill luck Psychasthenia
Having a temper tantrum when things do mnot

go his way. Hysteria
Daydreaming of a life in which all his wishes are

met , / Schizophrenia
Always getting his feelings hurt, blaming others,

and feeling that others do not like him Paranoia

The simple principles of mental hygiene should be practiced in
every home, and should be heeded in all forms of school instruction
and discipline. Among the most important are the following,
expressed here in terms of child training:

1. Children should be given an opportunity for normal reaction
to their natural instinets and impulses—to be active in play and
work, to express their emotions; not only to assert themselves,
but also to serve others and cooperate with them.



Mental Hygiene 189

2. Children should be trained to control their activities and im-
pulses. Natural and helpful control does not come from repres-
sion and direct inhibition, but rather from indirect control. We
control one action by doing something else, one interest by de-
veloping other interests; we stop thinking of one subject by
thinking of another.

3. Children should be taught to concentrate attention on the
one thing in hand. Children naturally do this. Short periods,
complete attention, no dawdling, should be the rule. Children
should be taught to live one day at a time, to settle their moral
accounts every night, never to hold a grudge, never to let the
sun go down upon their wrath; to look upon each morning as a
new day in which to improve, and not to carry over their troubles
from yesterday.

4. Attention to the present situation implies orderly association.
Disorderly association is the beginning of mental conflict and
worry. Tasks should be simple and definite, instructions clear
and concrete, decisions and action straightforward and whole-
hearted if habits of orderly association are to be developed.

5. The fifth condition of mental health is an active attitude
in the face of difficulties. The trying situations of childhood,
“‘when a feller needs a friend,” the occasions of worry, of fear,
and of rage, represent opportunity for the most important train-
ing. The physiology of these emotions indicates the hygienic re-
sponse. There are increased secretion of adrenalin into the blood,
an increase in heart rate, blood pressure, and sugar secreted from
the liver, and cessation of digestion. Everything is prepared for
action. Vigorous action is normal. The repression of action
probably means short-circuiting and nervous strain.

6. The sixth condition of mental hygiene concerns normal social
relations. It is better for a child’s mental health to eat, play,
work, and study with other children than alone or with adults.
To act with others as follower or leader, to serve, to cooperate,
and on occasion to resent or to fight, represent healthful attitudes
and healthful forms of activity; to deceive, to act cruelly, to be
suspicious, to hold a grudge, are unhealthful as well as unsocial
mental attitudes.

7. The seventh condition of healthful mental activity is a nor-
mal sense of dependence. This is perhaps the essential psycho-
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logic element in religion—a sense of dependence on a Supreme
Being, or on the beneficent laws and forces of nature or on the
moral strength of humanity, or the categorical undebatable
authority of duty, or one’s sense of honor, absolute and worth
while for its own sake. If not tampered with, this seems to de-
velop normally in children; first as dependence on one’s own
parents, later as dependence on something higher.

To state these principles is easy; to practice them, infinitely
difficult; and to train children to practice them, a task for the
greatest artist.

Mental Conflicts of Children.—The four fundamental charae-
teristics of plasticity, suggestibility, imitativeness, and a love of
approbation are dominant during the first few years of life, and are
invaluable assets in our efforts to model and remodel personality.

The home represents the workshop in whieh these personalities
are developed ; but the mental atmosphere of the home can be very
easily contaminated. The ever-changing moods of the parents,
colored by their indifferences, their quarrels, depressions, and re-
sentments, and shown by their manner of speech and action, are
decidedly unhealthful; so, too, are the timidity of a mother, the
arrogance of a father, the self-consciousness of a younger sister,
and the egotism of an older brother. On the other hand, cheer-
fulness, affection, kindly consideration, cleanliness, and a manner
and speech that are not forbidding but show interest in the ques-
tions of the child, frankness and honesty in answering his ques-
tions, with the idea of developing freedom in speech and action
not inhibited by fear of punishment or silent contempt—all these
things play an inestimable part in the development of the person-
ality of the child. The environment is mirrored in the character
of the child, regardless of what his heredity may be.

PFrances, aged 2 years, was brought to a habit clinic by her
mother because she was making vicious attacks upon her older
sister, Ruth, aged 4 years. The day before her visit to the clinic,
she bit her sister on the abdomen and scratched her face rather
severely. Investigation of this particular situation revealed the
fact that the father had noticed that when Frances was eighteen
months old, she showed rather unusual and amusing reactions
whenever he petted her older sister. It soon became his pastime,
when he came home from work, to make a great deal over Ruth
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in order to arouse jealousy in Frances. He did not realize the
danger of this. Here is a good example of jealousy developed in
pure culture, an emotional reaction that we are all aware fre-
quently leads to serious difficulties.

Paul, aged 4 years, an alert lad of normal intelligence, every
now and then caused much concern in the family by losing his
voice. The reason for the trouble was obscure until Mrs. N re-
ported at the out-patient clinic at the Psychopathic Hospital with
the identical complaint. Investigation revealed the fact that Paul
lived in the same house with Mrs. N and that he spent as much
time in her home as he did in his own. This symptom was one
that had its basis in the imitative tendency, so well marked in
children.

The foregoing conditions are ‘‘undesirable habits’’ which might
well be considered self-eliminating, yet this in no way justifies
our ignoring them.

Feeblemindedness.—Feeblemindedness is not a disease like
scarlet fever or pneumonia; it is a condition characterized by a
lack of normal development of the intelligence, resulting from
damage to the structure of the brain by disease or injury sustained
before birth, at birth, or during the first six years of life, or from
imperfect development of the brain structure.

Feeblemindedness may be due to a great variety of causes. Often
the cause is not known. A feebleminded child may have perfectly
healthy parents. Feeblemindedness may be caused by illness or
weakness of the mother during pregnancy, or of the father at the
time of conception. Injury of the head at birth or falls or blows
in early infancy may be causes, although very severe head injuries
at this time often are not followed by mental defect. There is fre-
quently a history of normal, healthy infancy for several months,
with a sudden occurrence of symptoms of severe illness, perhaps
with vomiting, high fever, stupor, and even convulsions. After a
few days the acute illness subsides, but the child is less bright and
is never right mentally afterward. In other cases, the mental
defect seems to be a sequel of measles, whooping cough, pneumonia,
cholera infantum, and so forth, oceurring during the first six years.

Syphilis of the parents is responsible for at least 6 per cent of the
mental defects found in Massachusetts institutions for feebleminded

_ persons.
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In creftnism the mental defect is caused by imperfeet action of
the thyroid gland, which prevents the brain from functioning nor-
mally. Other forms of mental defect, such as mongolism, are prob-
ably caused by abnormal conditions of other ductless glands. The
strueture of the brain is so damaged that normal intellectual de-
velopment cannot oecur as in healthy children.

There is also the hereditary type of feeblemindedness which in
certain families is transmitted from generation to generation in ae-
cordance with certain definite laws of heredity. If both parents
possess this type of hereditary defeet, all of their children are
usually feebleminded. If only one parent is of this type, the
children may be normal, but some of their descendants will be
feebleminded. The defect may disappear in one generation, only
to reappear in the next.

Thus there are two main types of feeblemindedness: the acci-
dental and the hereditary. The appearance of a feebleminded child
of the accidental type does not mean that other cases are likely to
occur in that family, and does not, in any sense, imply family,
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inferiority. The parents should understand that such a child is an
invalid just as if he were crippled as a result of any form of
bodily disease.

By the use of modern psychometric tests the intelligence of the
defective child can be accurately measured, and a very close esti-
mate made as to what his mental development will be when he
reaches adult life. These tests enable us to state the intelligence of
the child at a given time in terms of mental age. For instance, a
mental age of 6 means a degree of intelligence corresponding to
that of a normal child of 6 years, and so forth. A defective child
12 years old may have a mental age of only 9 or 6 or 3, or even less.
The ratio between the mental age and the real age is called the in-
telligence quotient, or the 1.Q., and it tells just how backward the
child really is compared to a normal child. Thus a normal child 12
years old with a mental age of 6 has an 1.Q. of 50.

According to many authorities, an intelligence quotient of less
than 70 generally means that the child is feebleminded. However,
this is not always true. Defective persons with an 1.Q. between 50
and 70 are called morons; those with an I1.Q. between 25 and 49 are
called tmbeciles; and those with an 1.Q. of less than 25 are called
idiots.

The mental age reveals the intelligence of a defective child at the
time of examination. The intelligence quotient tells how bright he
is compared to a normal child and how intelligent he will be when
he reaches the age of 15, or the adult level. The mother or the
teacher must disregard the child’s real age and base his instruction
and training on his mental age.

It is useless for a defective child with a mental age of less than
5 years to attend school. For the defective child with a mental
age of 6 or over, the public schools in most cities and large towns
now have special classes where he can receive proper instruction.
These children often do well in regular school classes if they are
understood by the teacher and the work is suited to their mental
age, and if the teacher is satisfied with the best the child can do.
The teacher cannot make the child brighter. He has a small
mental dipper and he gets that dipper full under very ordinary
and common conditions. The teacher’s task is largely a matter of
social training of the child; that is, training in inhibition, in emo-
tional control, in conforming to the amenities of life, and in teaching
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him to do as other children do. There is no special pedagogy for
feebleminded children.

The current belief that feebleminded persons usually become idle,
vicious, and troublesome when they reach adult life is only par-
tially true. Defective children who are neglected and the few who
seem to be innately bad from early childhood are much more likely
to become vicious and immoral than normal children. They need
much more care than do normal children; in fact, they usually need
supervision and assistance as long as they live. But defective
persons with a mental age of from 6 to 10, who are properly trained
and protected during the formative years, as a rule become well-
behaved and useful adults.

No two defective persons are exactly alike. What is good for one
may be bad for another. A defective individual ecan be adequately
expressed or described only by an equation—his intelligence + his
body + his family + his personality traits + his morals, and so forth.
No routine procedure will meet the needs of this highly differential
group.

We now know that all feebleminded persons cannot be perma-
nently segregated in institutions. We believe that the vast majority
will never need such provision ; they will adjust themselves at home,
as they have always done in the past. They will be recognized dur-
ing their school life by school and traveling clinics and they will be
given better training in special classes or in the regular classes.
Much of the present scholastic training will be supplanted by
industrial training. The schools are providing special social super-
vision and will do much more in the future. The bad defective
individuals and the neglected ones will be sent to institutions before
they come to grief. After the school age the state will provide
extramural supervision for all neglected or badly behaved defeec-
tives. The price of liberty will be good behavior. Those who can
live at home safely and usefully will be allowed to do so. Well-
behaved institution patients will be released on permanent super-
vised parole. It should be a highly selective process.
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CHAPTER XIII

NARCOTICS AND STIMULANTS
ALCOHOL

‘What are the effects of alcohol on the human body, on society,
and on industry? An intelligent decision by the individual as to
his own course of action with regard to the use of aleohol must
be based on accurate information regarding these points.

Alcohol and Health.—The alcohol used as a beverage is a vari-
able solution of ethyl aleohol, containing aldehydes and ethers
which give the different flavors to liquors.

PERCENTAGE OF ALCOHOL IN VARIOUS KINDS OF ALCOHOLIC DRINKS*

Beers 1.0 to 75
Ale 3.2 to 5.4
Porter 3.7 to 4.0
Stout 4.7 to 5.3
Wine 4.2 to 23.0
Spirits 43.0 to 54.0
Liquors and Cordials 32.0 to 67.0

*From Emerson: Alcohol—Its Effects on Men. Reproduced with permis-
sion of D. Appleton-Century Co., Publishers, New York.

Physiologists now agree that aleohol is not a stimulant but a
narcotie, eapable of producing unconsciousness or of inhibiting
activities. The feeling of exhilaration that follows a mild dose
of aleohol is due to paralysis of the higher nerve centers that
cause inhibition. When these centers are shut out from the restii
of the nervous system, the individual no longer feels the restraint’
of dignity and propriety. He gives free rein to his impulses and
thinks he is the soul of wit and the prince of good-fellows even
though his activities are most asinine. Alcoholic stimulation is
like taking the brakes off an automobile that is traveling downhill.

Alcohol has some fuel value. It can be oxidized immediately,
but it cannot be stored nor can it aid in the building of any tissue.
It spares to some extent the use of fats, carbohydrates, and pro-
teins as energy-producers and permits their storage. However,
it has certain drug and poison effects not present in the other
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classes of food. Hence, although in the strietly limited sense
aleohol can be called a fuel food, it is neither a necessary nor a
desirable one.

‘What happens when aleohol is taken into the body? About one-
fifth of it passes directly into the circulatory system from the
walls of the stomach, and the remainder is absorbed from the
small intestine, No digestive changes take place with aleohol.
Once in the blood stream, it passes rapidly into other tissues and
organs, moving always toward cells with low aleohol concentra-
tion. Approximately 2 per cent of the alecohol taken into the
body is eliminated through the lungs and the kidneys. The re-
mainder enters the tissues and is completely oxidized to produce
carbon dioxide and water. Alecohol can be burned in the body at
the rate of about 10 c.c. per hour. Its oxidation rate cannot be
increased, and hence the time required for complete elimination
is dependent on the amount taken. While aleohol is being trans-
formed into heat or energy, it is exerting characteristic effects
npon various organs. What are these effects?

Alcohol Acts as a Narcotic on the Central Nervous System. The
extent of this action is dependent upon the quantity of alcohol
which reaches the brain and spinal cord. The effect produced
varies from a pleasant state of euphoria in which disturbing and
unpleasant facts of life fade out of consciousness, to final stupor,
coma, and, in some cases, even death. The higher centers of the
brain that function in memory, attention, thought, judgment, and
self-control are the first affected by the narcotic. The centers
that control motor and sensory functions are affected later, alter-
ipg muscular and sensory reactions.

Alcohol Produces No Direct Effect Upon Muscle T'issue. Aleohol
acts upon nerve tissues rather than muscles and effects a reduction
in the speed and accuracy of muscular reactions. This has been
shown by tests to vary from 5 to 60 per cent. Through acting upon
the inhibitory nerves of the heart, which ordinarily prevent its
overactivity aleohol increases the rate of contraction and causes
rapid heartbeat. Thus alcohol is not a heart stimulant. Its use-
fulness in rousing an unconscious person to consciousness is due to
its irritating effect on the surfaces of the mouth and throat.

Alcohol Produces Changes in the Circulation Due to the Dilata-
tion of the Blood Vessels at the Surface of the Body. This inter-
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feres with the maintenance of the body temperature through the
heat-regulating mechanism. Congestion of blood in the skin pro-
duces a feeling of warmth and leads to excessive heat loss. There
is no compensatory increase of heat production in the tissues.
The individual feels warm, but his deep budy temperature is
lowered. No harm results if the person is resting and well pro-
teeted from cold, but the effect of aleohol during exposure is often
serious.

Alcohol in 1cc Unine

Less than 1 mg. 1-2 mg 2-3mg

/

Dry & Decent Delighted Dehnquent & Dis- Dizzy & Delinous Duazed & Dejected
& Devihish gusting

More than S mg

/{»« "\r //‘ <
e
Dead Drunk

Changes in reaction as the concentration of alcohol in the body increases.
(From Emerson: Alcohol and Man. Courtesy The Macmillan Co.)

Accuracy in interpreting sensations and speed in responding
to these, are lessened by the marcotic effect of alcohol on nerve
tissues in the special sense orgams. Error in interpreting and
delay in responding to the danger signals which reach the brain
through the eye, the ear, and kinesthetic sense have an important
bearing on speed and power in industry and in automobile driv-
ing. Because aleohol is eliminated from the body at a constant,
but slow, rate its effect upon these sense organs may be present
for many hours after the taking of even a moderate drink.

While the most profound changes produced by alcohol are upon
nerve tissues, and through these on muscles, sense organs, and the
heat-regulating mechanism, it is interesting to note its effect upon
other parts of the body. Small or moderate amounts of aleohol
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cause no appreciable change in respiration, but large doses may
cause complete paralysis of the center, and death.

Alcohol produces very little effect upon the digestive processes
when used in moderate amounts. It acts as a depressant on the
nerves and lessens peristaltic action. The flow of saliva increases
slightly, though this is of slight significance. There is an increase
in the flow of gastrie juice which is lower in pepsin and higher in
hydrochloric acid than normal. This apparently does no particu-
lar harm. When aleohol of from 5 to 10 per cent or greater con-
centration is taken, the chemical changes of digestion are retarded
greatly. The flow of gastric juice diminishes and mucus, a symp-
tom of gastritis, appears, due to the irritation of the glandular
surfaces.

The removal of inhibitions which ordinarily function leads to
undesirable freedom in sex conduct, and hence to the danger of
infection with gonorrhea or syphilis. There appears to be no
actual damage to the reproductive glands themselves from the
use of alcohol.

The use of alecohol as a medicine depends chiefly on its nareotic
effect on the central nervous system, its ability to dilate the blood
vessels of the skin, its soothing effect on the muscular action of
the alimentary tract, and its ability to be assimilated without
requiring digestive change. Its use as a medicine should be under
the direction of a physician just as is the use of other preseribed
remedies.

Many patent medicines have an alecoholic content greater than
champagne. It may be appropriate to classify such substances as
aleoholie drinks, especially since, in many cases, their real medici-
nal value is seriously in question. The man who is foolish enough
to take such a remedy without the advice of a good physician
should know what it is that makes him ‘‘feel better’’ when he takes
a patent medicine cocktail.

Acute alcohol poisoning may follow continued and excessive use
of alecohol. The presence in the body of from 5 to 6 mg. of alecohol
per cubic centimeter of blood will cause death. This is due to a
paralysis of the respiratory center and is purely functional.
Chronic aleoholism develops slowly with continued or intermit-
tent use of beverages of high alcoholic content (40-50 per cent)
or the repeated drinking of additional alcohol before the alcohol



200 Personal Health

already taken has been entirely disposed of by the body. Gradual
changes appear that affect not only personality and intelligence
but also the physical condition of the organs of digestion, the liver,
and other soft tissues of the body, so that disease may develop in
these parts. Inflammation of the nerves is commonly found in
chronic alcoholics. Alecohol may cause death directly or it may
cause it indirectly through accident or disease.

Both acute and chronic alcoholism are accompanied by lowered
resistance to respiratory and to septic infections, though there
seems to be no evidence that the moderate use of aleohol lessens
disease resistance appreciably.

The use of alcohol has a marked effect on longevity. Statistics
from life insurance companies show that, on an average, total
abstainers live longer than nonabstainers. There is evidence that
alcohol, even when used in moderation, is a factor in shortening
the average length of life.

Alcohol and Society.—The social consequences of alcoholie bev-
erages are related to the character, nervous instability, and physi-
cal constitution of the persons who use them. The social problems
that have followed the use of alcohol in the past include, among
others, crimes of violence, neglect of family obligations, poverty,
dependency, invalidism, and insanity. It is likely that these will
always be associated with the use of alcohol as a beverage, for
persons who are lacking in nervous stability and self-control are
most addicted to its use.

Experts estimate that the United States has 3,750,000 chronic
and excessive drinkers, of whom 750,000 are problem drinkers and
that they cost society one billion dollars a year. The problem
drinkers are sick persons, needing the consideration and attention
of medical science. Arrest and jail sentences are not curative
measures.

If social ill-effects were to be avoided, the aleoholic content of
beverages would have to be restricted to well below 10 per cent.
These would have to be taken slowly, with or soon after meals,
but never on an empty stomach. It would require that drinks be
taken only after work is over and that, for several hours follow-
ing, there should be no possible demand for physical or mental
activity or for maximum exertion, skill, and judgment. Above
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all, it would require that drinks never be taken at a time when the
person is responsible for the safety or life of another.

In industry it has been found that aleohol reduces output and
lessens caution, skill, endurance, and accuracy. Accordingly, pro-
duction is lowered and avoidable accidents increase. It has been
found also that alcoholism predisposes a person to many indust-
rial poisons.

The effect of aleohol upon the accident rate outside of industry
is also apparent when statistics are reviewed. Twenty per cent of
all fatal traffic accidents are due to the use of alcohol, according to
the National Safety Council.

The attitude of society toward the use of aleohol varies sharply
in different communities and among different groups in the same
community. Some groups condemn the use of aleohol while other
groups seem to expect it. The thoughtful hostess anticipates
these differences among her gucsts. She provides fruit juices at
cocktail parties for those who prefer it. Certainly the person
who does not care for aleoholic drinks should not hesitate to re-
fuse them any more than he would hesitate to refuse a food he does
not like or to which he is allergie.

Summary.—Dr. Emerson summarizes the effects of aleohol, which
are supported by a remarkable unanimity of scientific opinion, as
follows :*

1. Aleohol is a narcotic which, by depressing the higher centers, removes
inhibitions.

2. Outside of the nervous system and the digestive tract, alcohol used as a
beverage has little demonstrable effect.

3. It is a food, utilizable as a source of energy and a sparer of protein, but
it is such only to a very limited extent.

4. It is improbable that the quality of human stock has been at all injured
or adversely modified by the long use of alcohol, although the effects on the
individual are often devastating.

5. The therapeutic usefulness and value of alcohol are slight.

6. It may be a comfort and a psychologic aid to the aged.

7. It does not increase, and it sometimes decreases, the body’s resistance
to infection.

8. By releasing inhibitions, it makes for social ease and pleasure, and herein
lies one of its great dangers.

9. Its effects are best studied by changes of conduct.

———

*Loc. cit.
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10. It impairs reasom, will, self-control, judgment, physical skill, and en-
durance.

11. It may produce situations from which crime and social lapses result.

12. It is a frequent destroyer of health, happiness, and mental stability.

13. Its use commonly lowers longevity and increases mortality.

14. Tt is used primarily for its psychologic effect as a means of escape from
unpleasant reality.

15. It constitutes an important community health problem.

NARCOTIC DRUGS

Certain alkaloid drugs that are useful in medical practice to
soothe pain and to dull the senses have a tendency to create a
craving for repeated and larger doses. These drugs include co-
caine, an extract from the leaf of the coca plant, and opium, the
juice of a certain poppy. Products of opium include morphine,
codeine, heroin, and many other substances.

Various laws have been enacted to control the use of drugs in
the United States. The Harrison Narcotic Act of 1914 requires
the reporting of all sales of narcotic drugs as well as of all im-
ports and exports of the drug. It makes it illegal for anyone
except properly authorized persons to sell or to give away any
narcotic drugs. In 1922 the Jones-Miller Bill was passed, pro-
hibiting the importation of any narcotic except erude opium and
coca leaves and these only in such amounts as are necessary to
provide for medical and legitimate uses.

Narcotic drugs are poisons, but the body has the ability to
develop a ‘‘tolerance’ with repeated doses. As this tolerance
grows, larger doses are required to produce the desired effect.

The drug habit may be acquired accidentally through the use
of drug-containing medicines. Probably the greatest source of
danger lies in the chance taking of drugs by young persons, due
to either ignorance or lack of character, when solicited by dealers
in their illicit sale. The fact that about one-third of the drug
addictions begin before the age of 20 years points to this danger.
The large profits accruing in organized drug traffic stimulate the
business of securing reeruits by offering the seemingly harmless
drug to unsuspecting or uninformed young persons.

The Federal Food, Drug, and Narcotic Act of 1938 provides a
warning against habit-forming substances by requiring that all
drugs offered for sale shall carry a label bearing the name, quan-
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tity, and percentage of narcotic or hypnotic substances contained
therein. The label must also carry the statement ‘‘ Warning—
May be habit-forming.”” The substances which must be men-
tioned in the label are alpha eucaine, barbituric acid, beta eucaine,
bromal, cannabis, carbromal, chloral, coca, cocaine, codeine, heroin,
marihuana, morphine, opium, paraldehyde, peyote, or sulfonme-
thane; and any chemical derivative of any of these substances
which has been found to be habit-forming.

The repeated taking of a drug for as long as ten to thirty days,
depending upon individual susceptibility, places one in danger of
becoming an addict. Early stimulation gives no warning of the
intense physical suffering the confirmed addict must endure. The
drug addict is helpless unless he gets his customary dose, and
may suffer virtual insanity during the time he is deprived of it.

One of the serious results of drug addiction is the increase in
crime. Authorities state that a large percentage of criminals are
heroin addicts.

The drug habit can be cured, but only through long and skillful
treatment. Even after cure there is danger that old associations
and temptations may lead to recurrence of the habit. The con-
trolled and intelligent use of narcotic drugs brings immeasurable
relief to human suffering, but unwise use brings untold misery.

Marihuana cigarettes are sometimes used by young people.
These are cigarettes dipped in the fluid extract of a weed, Cannabis
indica. They produce hallucinations, with or without euphoria,
and easily establish a craving for the drug. Their habitual use
weakens the person’s intellectual capacity and leads to general
physical deterioration. Smokers of marihuana nearly always be-
come imbecile in time.

NICOTINE

Tobacco is a narcotic, although its first effect on the nervous
system is stimulating. The leaf of the tobacco plant is fermented,
dried, and prepared for smoking. Its chief drug constituent is a
volatile alkaloid, nicotine, one of the most violent poisons known.
The drug is fatal in small doses, the amount varying with the
individual and with pre-existing tolerance.

Other harmful substances that occur in tobacco smoke in addi-
tion to nicotine are ammonia gas, pyridine derivatives, carbon
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monoxide, and traces of hydrocyanic acid, phenols, and aldehydes.
It is believed, however, that the chief deleterious effects of tobacco
are not due to the local effects of these substances on the mucous
membranes, but to the presence of nicotine.

The nicotine content of tobacco varies from 0.6 to 4.8 per cent,
the higher concentrations accompanying the presence of moisture.
The amount of nicotine present in tobacco smoke also varies, not
only with the kind of tobacco and its drymess, but also with the
form in which it is burned. Nicotine volatilizes less completely
in small burning areas (cigarettes) than in larger areas (cigars).
About 14 to 33 per cent of the nicotine in cigarettes appears in
the smoke. More nicotine ds retained by the body when the smoke
is inhaled than when it is not.

The first use of tobacco is usually accompanied by symptoms of
poisoning. There is a marked difference in the ability of the body
to tolerate nicotine; many persons develop a high degree of toler-
ance through use while others do so only in part. The adverse
effects on nerves and heart are usually more profound in persons
with sedentary habits than in those who are more active. In the
person who is inclined to nervousness the smoking habit often
becomes so fixed that the smoker cannot work for two hours with-
out a cigarette. The most significant effects of the excessive use
of tobacco are produced through chronie inflammation of nerve
tissues. Among the more common symptoms are headaches, ver-
tigo, and insomnia. The optic nerve is not infregently affected. A
smoker is likely to exhibit irritable traits, requiring continuous use
of tobacco to allay these feelings.

The excessive use of tobacco tends to increase the heart rate,
and the accompanying shortness of breath may become a definite
handicap. Motor disturbances appear as tremor and loss of con-
trol of the finer muscles and reduced skill in manipulations.
These disturbances in small muscle control may extend to the tiny
museles of the eyes and interfere with sight. The tissues of the
gums, sinuses, and pharynx are often injured through the local
irritation which accompanies smoking.

While the question of injury from the use of tobacco is largely
an individual problem in the case of the adult, there is no question
as to its deleterious effect upon youth. Growth is definitely re-
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tarded under the influence of tobacco. Until growth is com-
pleted, tobacco should not be used.

There is no doubt that nicotine has a harmful influence upon
mental efficiency. Laboratory experiments covering a large num-
ber of different intellectual processes substantiate this finding.

Earp, in summarizing the result of experimental research at
Antioch College® states that there is ‘‘an undisputable association
between the smoking habit and inferior scholarship. Evidence is
adduced in favor of the hypothesis that low scholarship is in part
at least directly due to the habit of smoking.”” This may not
necessarily mean loss of mental power but rather the formation
of habits of inertness and lassitude which do not contribute to the
energetic mental effort necessary in intellectual pursuits.

It has been suggested that ‘‘smokers who attribute to smok-
ing an increase in their capacity for intellectual and physical
work are subjects of auto-suggestion: or the increased cerebral
circulation from increased heart frequency may seem to produce
an increased mental activity.”’

The question as to why smoking is so gratifying to the indi-
vidual has bcen answered by experimental research. The action
of nicotine on the adrenal glands increases temporarily the con-
centration of blood sugar and raises the rate of sugar combustion.
The feeling of temporary refreshment is understood when we
realize that it is the presence of hyperglycemia (excess of sugar
in the blood) following a meal which relieves the fatigue and
irritability oceurring soon after blood sugar reaches the ‘‘fasting
level’” (0.08 to 0.10 per cent). The concentration of blood sugar
may rise to 0.12 or 0.14 per cent within fifteen minutes following
the smoking of a cigarette. During the next thirty minutes it may
drop to, or slightly below, its former level. Many chronic smokers
suffer some loss of appetite and loss of weight, gaining weight when
they stop smoking.

CAFFEINE

Coffee and Tea.—The beverages made from the coffee bean and
from tea leaves, as well as some soft drinks, contain an alkaloid,
caffeine, which is a nerve and heart stimulant, quickening the
heartbeat and relieving feelings of fatigue. Roasted coffee con-
tains from 0.75 to 2.7 per cent of caffeine. Tea ig still richer in
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caffeine; but the amount present in a cup of tea is usually less
than in a cup of coffee owing to the smaller quantity of the leaves
used.

Caffeine first increases the rate of heartbeat and then lowers
and strengthens it. In persons who are not accustomed to its use
the blood pressure rises but later drops. This is due to the action
of caffeine on the nervous control of the vasoconstrictor and vaso-
dilator mechanisms. Caffeine also increases the secretory action of
the kidneys. It has important medicinal uses as a cerebral stimu-
lant and serves as an antidote for some narcotic drugs.

People usually drink tea and coffee to retard fatigue or to keep
awake. They are stimulants, not narcotics. Their effects on the
body depend very largely on the individual.

The use of tea and coffee by growing children interferes with
normal nutrition. There is no food value in either beverage
except the milk or sugar that may be added. Their use tends to
satisfy hunger and to crowd out the foods which are needed for
growth and energy. In addition, the caffeine tends to overstimu-
late the sensitive nervous system of the child.

Extremely nervous adults often suffer from nervous fatigue.
They tend to be easily irritated and they fail to rest sufficiently.
Such persons are most likely to indulge immoderately in the use
of tea and coffee. The use of the stimulants aggravates the
condition. Rest is the cure. Nutrition experts are agreed that
the abuse of these beverages definitely causes considerable dam-
age to the body.

There are times, however, when the use of caffeine as a stimu-
lant may be highly desirable. The busy person frequently finds
it necessary to meet unusual demands, when mental clarity is par-
ticularly needed. If a tolerance to caffeine has not been devel-
oped by constant use, a cup of coffee serves this purpose well and
gives a temporary increase in mental alertness. It is well to know
how to use such a4 drug as caffeine wisely. Those persons in
whom it produces undesirable effects should avoid its use entirely.

THEOBROMINE

Theobromine, an alkaloid closely related to caffeine, is the
active principle in cocoa and in chocolate, both of which are
prepared from the seeds of the cacao tree. While its physiologic
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properties are like those of caffeine, it has a greater action on the
kidneys and a lesser action on the brain and central nervous sys-
tem. Accordingly, it is less likely to produce nervous stimulation
and sleeplessness. Both cocoa and chocolate have food value in
addition to their stimulating properties. Chocolate contains about
twice as much fat as does cocoa. Proteins, carbohydrates, and
small amounts of minerals are also present. Owing to the small
quantities used in beverages, their calorie value is not high except
when milk and sugar are used in their preparation.
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CHAPTER XIV

THE HYGIENE OF BODY ACTIVITY

Successful living is aided by a good physique, a body which is
able to carry one through the daily demands of work and play
without undue fatigue. The development of such a physique is
partly within one’s control. Heredity determines it only in part.
Physical activity produces beneficial changes in eirculation, heart-
beat, digestion, and assimilation. A brief review of the general
structure and funectioning of the mechanism involved will give a
better understanding of the hygienic requirements of exercise.

Bones.—The skeletal structure provides protection and support
for the soft portions of the body as well as leverage through
which the muscular system can accomplish locomotion and ma-
nipulate objects. Contrary to the oft-used simile ‘‘dry as a
bone,”’ the bony skeleton of the living body is not dry, but made
of living cells surrounded by hard, porous lime salts.

Bones are made up of a dense outer portion beneath which is a
more spongy part. In long bones there is a central cavity contain-
ing marrow, consisting chiefly of fats and blood.” The erythro-
blasts, from which red blood cells are formed, develop in the mar-
row at the ends of the long bones and in certain flat bones, includ-
ing the ribs and sternum. Covering the bone and closely adhering
to it is the protective periosteum, a layer of connective tissue
through which nerves, lymph, and blood vessels enter and leave
the bone.

Injuries to bones require immediate surgical attention. Injured
bones begin to heal at once and any delay in having them properly
adjusted may cause a deformity that is difficult to correet later.

Joints.—Two bones that are joined have, in most cases, special
structures to make movement possible. An enlargement of the
bones at their joint provides greater strength and permits the
attachment of ligaments, which are strong bands of connective
tissue that bind the bones securely together. In some joints, as
in the vertebral column, the knee joint, and between the ribs and
breast bone, pads of cartilage occur; these act as cushions to pre-
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vent jar and to ease the motion between the bones. The ends of
the bones (the articular surfaces) are cartilaginous. All joints
are surrounded by a tough membrane called a capsule; it is lined
with a synovial membrane which secretes a viscid fluid that
lubricates the articular cartilages.

The Vertebral Column.—The main structures of the skeleton,
including the protective cavities of the skull, thorax, and pelvis,
and the appendages (arms and legs), are familiar to us. A brief
discussion of the nature of the vertebral column, which supports
the trunk and head, will help in understanding the hygiene of
body activity.

Haversian canal

bone cell space

canaliculus

Compact bone (x200). (After Pitzman.)

The vertebral column is composed of separate bones, bound to-
gether by ligaments and separated by cushions of cartilage. The
base of the column is part of the pelvis (basin). The spine is
flexible in every direction and normally shows alternating curves,
which compensate when the body is erect, so that the line of
gravity for the body weight falls almost wholly within the verte-
bral column.

Since bones and ligaments are practically insensible to fatigue
or strain, the back can support heavy weights or remain erect
with minimum effort, provided the spinal column is properly
poised. Strain follows when the pelvis is tilted backward, and
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the natural curve of the spine is disturbed. Then the body weight,
instead of being sustained by the spine, must be supported by the
action of muscles.

Muscles.—Closely associated with the skeletal system are the

Lune of gravity

Spinal column in erect posture, showing its support upon the sacrum and
(the right) hip bone. Observe the angle formed by the top of the sacrum;
the cervical, thoracic or dorsal, and lumbar curves; and the position of
the line of gravity. (From Bennett: School Posture and Seating. Courtesy
Ginn & Co.)

muscles which move the body in space, aid in holding the parts
of the skeleton together, and cover the entire framework, giving
form and beauty to the body.

All muscle cells are contractile. They tend to maintain a con-
stant slight contraction (muscle tone) so that heat is always being
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produced. Muscles are the chief organs for heat and energy pro-
duction, for in their cells most of the oxidation occurs. Cold in-
creases the tone of muscles causing greater heat production and
producing a bracing effect. If the temperature is low enough,
involuntary muscle contraction occurs (shivering, chattering of
the teeth, ‘‘gooseflesh’’). Too high a temperature reduces tone,
causing less heat production and lassitude.

There are three different types of muscles: skeletal, visceral,
and cardiac. The skeletal muscles are under the control of the
central nervous system and are termed voluntary muscles. The
cells of these muscles show distinet striations which lead to their
designation as striped muscle. The visceral muscles, in the walls
of the blood vessels and the viscera, are under the control of the
autonomic nervous system and are termed smooth muscles. Their
cells are slender and tapering in shape and show no striations.
They are very important in the control of circulation and in the
functioning of the digestive and excretory organs. The cardiac
muscle is found only in the heart. The individual cells show
striations somewhat like those in the striped muscle, but in their
performance they resemble the smooth musecle. They function
involuntarily. We are interested here in the skeletal or voluntary
musecles and their relation to motion.

A typical muscle consists of a thick portion, known as the belly
of the muscle, which tapers into the tendons that serve as attach-
ments to the periosteum of the bones. The tendons are continua-
tions of the connective tissue that surrounds the individual mus-
cle fibers.

These fibers of the skeletal muscle are multinuclear, cylindric
cells. They vary in length up to three or four centimeters. Each
fiber consists of (1) the sarcolemma, an enclosing membrane; (2)
the fibrils, longitudinal eylinders of dense protoplasm; and (3) the
sarcoplasm, a fluid occuping the space between the fibrils. The
sarcolemma is the ‘‘harness’’ or structure by means of which
tension developed in the fibril is transmitted and made effective.

Musecles are richly supplied with blood vessels and nerves. The
individual cells take up dissolved food substances from the blood
and store up glycogen. They also absorb oxygen from the blood.
Under proper stimulation from motor nerves various chemical
changes, including oxidation, occur in the cells. Energy is liber-
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ated and the cell contracts. The exact nature of this process has
not been explained. The tension that develops in the cell after
momentary stimulation is instantaneous and is followed by imme-
diate relaxation. When nerve stimulations are applied in rapid
succession so that relaxation is not possible between contractions,
a condition known as physiologic tetanus occurs in which the
effect is a sustained contraction.

SKELETAL SMOOTH

MUSCLE

MUSCLE HEART MUSCLE

The three kinds of muscle fibers. (Highly magnified.)

Muscular fatigue is loss of contractile power following con-
tinued stimulation. It seems to be due to the accumulation of
sodium lactate within the muscle fibers, which interferes with the
chemical processes necessary to produce contraction. Muscular
fatigue is prevented when waste products are removed regularly
and do not accumulate in the muscles. Muscular efficiency may
be impaired by the failure of the body to supply sufficient oxygen
to the muscles (as in the 100 yard dash) or to supply enough fuel
(as in the marathon race).

Muscles are arranged in opposing groups, each producing move-
ment in the opposite direction. Examples of such opposing
movements are the flexion and extension of the forearm, and the
forward and backward movement of the shoulders or the head.

Physical Activity—Primitive man was active or he perished.
In this day of complex living, the muscular exercise needed by
the body must often be obtained by a planned program. It is
more essential to the health of the sedentary person than mental
exercise is to the health of a man employed in active physical
labor. Especially among those who are intellectually inclined
there is danger that the desire for good physical condition may
stop with the envy of those who possess it or with an attempt to
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secure the equivalent of exercise, by massage, aleoholic stimu-
lants, drugs, and patent medicines.

Young persons need a well-planned program of physical exer-
cise if they are to secure an all-around physical development.
Exercise planned from the viewpoint of the body mechanies and
fundamental skill trains one to use the body efficiently and grace-
fully in the performance of daily tasks.

The neuromuscular mechanism develops skill only through prac-
tice. Careful training in the proper technic in such fundamental
movements as standing, walking, running, vaulting, sitting, climb-
ing, hanging, stretching, lifting, and throwing should be given
every person during childhood. Awkwardness is undesirable from
an aesthetic point of view and as a possible source of danger.

How Exercise Contributes to Health.—Briefly, what are the
actual effects of regular physical exercise upon the body? In the
first place, it is a most important stimulus to the circulation of
the blood and the lymph. The movement of the muscles and
other organs exerts a massaging action on these two streams in
the capillaries and lymph spaces; and the increased respiration
exerts a suction upon the venous blood into the great veins near
the heart by the same bellows-like action that draws air into the
lungs. This increased breathing is also important to the lungs
themselves in filling air spaces, which under normal conditions
may not be used, and particularly in inflating the top or apical
regions of the lungs.

The increased bodily activity increases the oxidation in the body.
The extent of this action is shown by the fact that the output of
carbon dioxide is increased from three to ten times by musecular
activity. Exercise increases the demand for oxygen in the tis-
sues, and thereby stimulates the formation of red corpuscles in
red bone marrow and leads to an increase in hemoglobin. The skin
is cleared by the generous excretion of the sweat glands and the
consequent softening of the horny layers.

The most generally obvious aspect of exercise is the building
up of the skeletal muscular system, which constitutes about one-
half of the bulk and weight of the body. Muscle fibrils increase
in size when they are used but when unused their size decreases.
This is important for the man of sedentary occupation, because
for every one there are emergencies which must be met by un-
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usual physical energy. The need of reserve strength is especially
important in the case of the heart, which, like the skeletal mus-
cles, is built up and strengthened by proper physical exercise. In
the emergencies that call for sudden unusual exertion and in cer-
tain diseases, such as pneumonia, it is primarily important that
the heart be sufficiently strong to withstand the strain. In fact,
in disease the strength of the heart often determines the question
of life or death.

The other internal organs also gain vastly from physical exer-
cise. The viscera are relieved from serious internal congestion
that is likely to take place in the body of a sedentary person and
to interfere with digestion, circulation, and the physical well-
being. Digestion itself is aided by the increased peristalsis pro-
duced by the churning activities of these organs and by the in-
creased use of the abdominal muscles. This favors elimination of
waste from the colon.

To any one who has learned to enjoy physical exercise, it is not
necessary to say that the foregoing changes produce a beneficial
effect on the mental tone. Of equal importance is the effect upon
the heat-regulating mechanism. Muscular activity increases oxida- -
tion in the muscle cells. It opens the small blood vessels of the
muscles and the region near the skin and contracts the blood ves-
sels of the internal viscera. It is upon our ability to make these
changes that we rely, in large part, for our bodily adjustments to
changes of temperature.

Summarizing, the beneficial effects of muscular exercises in-
clude: (1) an aid to circulation, (2) an increase in red corpuscles
and hemoglobin, (3) an aid in the removal of waste from tissues,
(4) clearing the skin, (5) strengthening the muscular system, (6)
aiding digestion, (7) improving the mental tone, (8) relieving
internal congestion, (9) strengthening and enlarging the lungs,
(10) strengthening the heart, and (11) improving the heat-regu-
lating mechanism. The end results of exercise are a general
improvement in health and an increased ability of the body to
resist fatigue and to carry on sustained effort. Play and sports
do more than develop physical power. They promote physical
alertness, rapid thinking, quick decisions, and sportsmanship.

The Measurement of Physical Condition.—From the standpoint
of health we are concerned with a good physical condition or the
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ability of the body to respond to the demands for vigorous action
we place upon it. Although a person who is unable to sustain
physical exercise may be free from disease, we ordinarily think of
adequate health as implying the capacity for reasonable muscular
effort. Athletic ability involves neuromuseular skills which have
heen developed by training. These coordinations are valuable to
the person in his day-to-day activities.

We know that the physical condition of the body can be im-
proved through military or athletic training. We know that it
declines in the presence of disease and gradually returns during
the period of convalescence and immediately thereafter. Various
tests have been developed to give an index of physical condition.
One index is the extent to which the heart rate is increased by
some standard activity, and the length of time required for the
heart rate to return to normal after the standard exercise has
been completed. Vital capacity has also been suggested as an
index. It is commonly determined by finding the length of time a
person can exhale or blow out the breath at a given rate. Strength
tests, power tests, and endurance tests have been developed to enable
the individual to observe changes in his physical eondition and to
compare his physical capacity with that of others.

Choice of Physical Exercise.—The amount of exercise taken
should be carefully graded to one’s capacity so that undue fatigue
will not follow. Unfortunately, bursts of enthusiasm for exercise,
untempered with judgment, are not uncommon and often lead to
overexertion, lameness, and excessive fatigue. The proper use of
hot and eold showers and of massage following exercise may help
to reduce stiffness and soreness, caused by delay in the removal
of waste products from the tissues. No person need hesitate to
participate in physical exercise that is suitable for his age and sex,
if a thorough physical examination has shown that he has no
organie condition which would be aggravated thereby. Sound pro-
grams of physical education are based on careful physical exami-
nations.

Differences in the type of exercise for men and women depend
chiefly upon their differences in physical structure. Women are
smaller than men and their proportions are different. The arms
and legs are proportionately shorter, the trunk longer, and the
pelvis much broader. The oblique angle at which the thigh bone
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usual physical energy. The need of reserve strength is especially
important in the case of the heart, which, like the skeletal mus-
cles, is built up and strengthened by proper physical exercise. In
the emergencies that call for sudden unusual exertion and in cer-
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tion in the muscle cells. It opens the small blood vessels of the
muscles and the region near the skin and contracts the blood ves-
sels of the internal viscera. It is upon our ability to make these
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changes of temperature.

Summarizing, the beneficial effects of muscular exercises in-
clude: (1) an aid to circulation, (2) an increase in red corpuscles
and hemoglobin, (3) an aid in the removal of waste from tissues,
(4) clearing the skin, (5) strengthening the muscular system, (6)
aiding digestion, (7) improving the mental tone, (8) relieving
internal congestion, (9) strengthening and enlarging the lungs,
(10) strengthening the heart, and (11) improving the heat-regu-
lating mechanism. The end results of exercise are a general
improvement in health and an increased ability of the body to
resist fatigue and to carry on sustained effort. Play and sports
do more than develop physical power. They promote physical
alertness, rapid thinking, quick decisions, and sportsmanship.

The Measurement of Physical Condition.—From the standpoint
of health we are concerned with a good physieal condition or the
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it attached to the pelvis interferes with the.ability of women to
run. Red corpuscles are less numerous in women than in men.
Limited physical strength in women is partially due to these physio-
logie differences.

Persons usually find greatest enjoyment in those activities in
which they excel. Women are superior to men in exercises that
demand grace of movement and fine coordinations, and men excel
in feats of strength and speed. Men and women alike can find
pleasure in outdoor recreation, such as golf, tennis, swimming,
hiking, canoeing, and archery.

One’s general mode of living should be taken into consideration
in choosing suitable exercise. A person whose daily routine in-
volves strenuous physical activity needs to exercise muscles which
have been less used during the day. His activity should be stimu-
lating to the nervous system. The person who has been sitting
at a desk throughout the day is in special need of exercise suffi-
ciently vigorous to react beneficially upon the lungs, the heart,
and the skeletal muscles.

Healthful exercise should be regular, enjoyable, and adapted
to the needs of the person. It should involve rhythmie, not
monotonous, muscular contraction. It should allow free play to
the various parts of the body and should call into use a great
number of muscles. It should aid in the development of good
body mechanics and provide skill in fundamental activities, such
as walking, running, handling, and throwing. Activities which are
fascinating and absorbing are most refreshing. Above all, the
exercise should be reasonably vigorous. It is well to master sports
which can be carried into adult life, as tennis, golf, handball, fenc-
ing, and squash.

Certain adult activities deserve mention. Walking is an excel-
lent exercise that is available to every one. Fast walking in the
open is invigorating and should never be confused with loitering
or strolling. Folk dancing is also an excellent form of exercise
which satisfies one’s love of rhythm and develops fine cordination.
Social dancing may be equally effective as a form of exercise if it
is done in a suitable physical and social environment. Swimming
exercises many musecle groups, is not likely to produce strains, and
is now available to many people the year round, :
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Setting-up exercises call into play the muscles of trunk, chest,
neck, arms, and legs through rhythmical reaching, stretching, bend-
ing, and twisting. For the busy person living a sedentary life with
little time for outdoor sports and games, setting-up exercises, taken
regularly in the morning before the bath, are a valuable aid in
maintaining the health of the internal organs. They cannot, how-
ever, entirely take the place of vigorous outdoor exercise.

The Adjustment of Activity to Age Level—The choice of ac-
tivity is guided by the individual’s age, physical development,
and interests. Let us review the general physical and mental
characteristics at various age levels and the types of activity
which many authorities have indicated as suitable for these
groups, in so doing remembering that there are no distinet divid-
ing lines to mark transition from one age level to another.

Infancy (First Year). Rapid growth period. Body weight
trebles and brain increases its weight from two to three times.
Activities are mouthing, reaching, grasping, kicking, crying, pull-
ing, throwing, lifting, creeping, standing. The child needs objects
to handle, bright objects upon which to focus attention, and a safe
place in which to play.

Runabout (Two to Five Years). Rapid growth in body and
brain and great physical activity. Memory is developing and
sensory knowledge increasing. The child likes to imitate; his
imagination is very active, and he is inclined to be self-assertive
and self-centered. Play includes running, rolling, climbing, dig-
ging, tossing, catching, imitative play, and constructive play with
blocks. The child enjoys motor activity and is not interested in
the results of his play. He requires adequate play space, with a
sand pile, slide, swing, blocks, dolls, balls, bean bags.

Primary Grades (Six to Eight Years). Physical development is
less rapid, respiration is shallow, circulation slows up, and there is
a tendency to heart weakness and fatigue, though muscles crave
activity. Disturbances in digestion are frequent as second teeth
are developing. The brain reaches nearly its full weight at about
eight. Memory is strengthening; imagination is active; sensory
interests are strong; attention is weak. Interest in competition
awakens and the child begins to play games with other children.
The child is more interested in the outcome of his activity. Aec-
tivities include games of chasing, hunting, throwing, such as tag,
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puss in the corner, run sheep run, follow the leader, hide and
seek ; constructive play, such as making kites, huts, paper dolls,
baskets; dramatic and imitative play, such as school, cowboys,
fire department; singing games and rhythms. Play space is re-
quired, and equipment should include sand pile, seesaw, climbing
rope, sleds, balls, and shovels.

Intermediate Grades (Nine to Eleven Years). Physical growth
is lessened. Blood vessels increase in size, but the heart remains
small and the child should avoid severe physical strain in work or
in competitive athletic contests. Girls show more rapid growth
than boys. The child shows the greatest physical activity during
these years. Memory reaches its height and this is sometimes
termed the golden period for memorizing and drill, for developing
facility and skill. A tendency to cooperate in games appears for
the first time, but the child is still self-assertive and apparently
selfish.

More formal games of great physical activity appeal at this age,
but the character of play is individualistic rather than cooperative.
Appropriate activities include dramatic and imitative play, such as
wild-west shows, or Indians; games of chasing, hunting, and throw-
ing, calling for individual speed and skill rather than cooperative
action, such as prisoner’s base, three deep, or tag games; construc-
tive play through which pride in good work develops, such as mak-
ing lanterns, toys, bird houses or stilts; and games for physical
development, such as wrestling, tumbling, and balancing. Appara-
tus of greatest interest includes rings, trapeze, circle bars, giant
stride, baseball, basketball courts, sleds, and skates.

Junior High School (Twelve to Fourteen Years). Rapid bodily
growth. The development of heart and lungs is not yet complete
and endurance is small. Rapid development of all organs takes
place. The length of legs and arms increases out of proportion to
the length of the trunk and awkwardness results. Postural defects
become more obvious. Emotions are unstable. There is increasing
interest in competitive games and readiness to cooperate with the
group. Games desirable in this group include many of those from
the preceding age group, baseball, football, hockey, cricket, tennis,
handball, and volley ball; games involving trial of strength, quick-
ness and skill, such as dashes, relay races, swimming, rowing, and
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bieyeling. The apparatus required includes an outdoor gym-
nasium, track, ball fields, swimming pools, and workshops.

Senior High School (Fifteen to Seventeen Years). Strength
increases rapidly in this period, the heart becomes larger, and
growth nears completion. The trunk increases in size so that it is
proportional to the length of the legs. Boys show keen enjoyment
in sports, and girls are more interested in social organizations.
Regular physical exercise is more important at this age than at any
other period. Suitable activities are baschall, basketball, tennis,
golf, volley ball, hiking, camping, swimming, ficld or track sports.

Young Manhood and Womanhood (Eighteen to Twenty-One
Years). Height has practically reached its maximum in most cases
and development in breadth is in process. There is rapid growth
of the heart and lungs, with no corresponding growth of the ar-
teries. Vigorous exercise is very important because of its effect on
the development of the heart and lungs. Games involving running
are particularly valuable. Desirable activities include the major
and minor college sports and such ‘‘carry-over’’ activities as band-
ball, golf, camping, and hiking.

From this age on exercise is largely an individual matter to be
worked out by each in accordance with his preference, his physical
capacity, and his leisure. Fortunate is the person who has de-
veloped during youth an interest and proficiency in outdoor sports
which he can carry over into adult life as a means of exercise and
mental relaxation. The following general statements may be made:

Early Maturity (Twenly-One to Thirty Years). Physical de-
velopment is practically completed during this period. Capacity
for skill and speed reach the maximum. All types of outdoor activi-
ties, setting-up exercises, or games which appeal to an adult are
suitable, provided an examination shows the person is physically fit.

Maturity (Thirty to Fifty Years). Skill and speed are on the
decline, while endurance and strength are now greater than at any
other period of life. Interest in an active outdoor life is not so
great during this period, and business and professional life increas-
ingly interfere with exercise. Such less strenuous games, as golf,
walking, tennis, swimming, handball and volley ball, are most suit-
able for this age group.

Later Maturity (Fifty to Seventy Years). Endurance and skill
are maintained to some extent in this age group, but speed and
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strength have declined to a minimum. Vigorous exercise presents
the danger of bone fractures and dilatation of the heart muscle.
Light outdoor exercise, including golf, walking, and swimming, is
suitable for this group.
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CHAPTER XV
BODY MECHANICS

The Importance of Posture.—The first impression of a person
may be largely determined by the degree to which his posture re-
flects alertness, grace, good breeding, and strength, or their op-
posites. Correct posture gives one a feeling of ease and self-
confidence. When a young person is being selected for a position
by brief interviews in competition with many other applicants,
posture may be one of the deciding factors.

The proper mechanieal use of the body goes beyond appearance.
It affects efficiency. In war it has been found that thousands of
soldiers have such poor mechanical use of the body that they can-
not stand severe military duty. In some colleges, freshmen with
poor body mechanies are not allowed to participate in athletics
until this condition has been corrected. TIn industry, many workers
become disqualified because of strain or fatigue resulting from the
improper use of the body.

Defects of Posture.—Common defects include curvatures of the
spine, flat ches!, restricted lower chest, and pouchy abdomen. De-
viations from the normal position of body parts which are due to
wrong use are termed functional defects of posture. These defects
may come from carelessness, from muscle weakness following pro-
longed illness, or from an undeveloped kinesthetic sense. It is pos-
sible for the individual to correct them by suitable exercise and
training. TFunctional defects become increasingly difficult to cor-
rect as pairs of antagonistic muscles adjust themselves to the new
position. One group of muscles shortens and the other stretches.

The anatomical or fixed defects result from actual deformity of
the skeleton. The more serious defects are those involving abnor-
mal curvatures of the spine. These are made possible because of
the yielding nature of the cartilage forming the cushion between
the vertebrae.

Three defects involving the anteroposterior curvatures of the
spine are common. One is lordosis, or hollow back, in which there

222
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is an exaggerated forward curve in the lumbar region. Another is
kyphosis, or humpback, an exaggerated outward curve of the upper
back. The third is stoop shoulders in which the head is projected
forward, the curve in the neck is increased, and the seventh cervi-
cal vertebra at the back of the neck is very prominent. In all these

TRACINGS MADE DURING EXAMINATION OF 700 HARVARD
FRESHMEN

A B C D

Group A—7.5% Group B—12.5% Group C—55% Group D—25%
Posture chart showing the result of the examination of Harvard freshmen.
Group A.—Good mechanical use of the human body. 1. Head straight above

chest, hips, and feet. 2. Chest up and forward. 3. Abdomen in or flat. 4.
Usual back curves not exaggerated.

Group B.—Fairly good mechanical use of the human body. (Note changes
from Group A.) 1. Head too far forward. 2. Chest not so well up or for-
ward. 3. Abdomen very little changed. 4. Back very little changed.

Group C.—Bad mechanical use of the body. (Note changes from Group A.)
1. Head forward of chest. 2. Chest flat, 3. Abdomen relaxed and forward.
4. Back curves are exaggerated.

Group D.—Very bad mechanical use of the body. (Note changes from
Group A.) 1. Head still farther forward. 2. Chest still flatter and farther
back. 3. Abdomen completely relaxed. ‘‘Slouchy.’’ 4. All back curves exag-
gerated to the extreme. (Lee.)

types of faulty posture we are likely to find the shoulders brought
forward, the chest flattened, the shoulder blades protruding, and
the abdomen relaxed. The anteroposterior curvatures are very
common, although they could be largely prevented by attention to
the formation of proper habits of body mechanics.
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A lateral curvature of the spine is called scoliosis. It may be
single or compound. The curve may be in the upper or lower back.
One shoulder or one hip may be higher than the other, and one side
of the chest may be more prominent. Scolioses are usually acquired
and are consequently more numerous in youths and adults than in
children. The earlier stages of these curvatures are not easily
detected by the casual observer. Their correction may require the
aid of an orthopedist.

There are many minor defects of posture, some of which you
have probably observed. These include stiff neck and shoulders,
head to one side, stiff gait, knees held in too great flexion, ankles
rolled inward, knock knees, and head carried forward.

Causes of Poor Posture.—Some postural defects are due to in-
herited structure, to accidents, or to particular diseases, such as
infantile paralysis or tuberculosis of the bones. Rickets or faulty
calcium metabolism produces bowlegs, a deformity that results
from the bending of softened bone under body weight. Bowlegs
do not occur in healthy children as the result of walking too soon,
an opinion commonly held. Their presence indicates some degree
of rickets.

Many defects are produced by faulty habits. "Lateral curves
of the spine may be produced by carrying weights always on one
side, sitting with one leg under the body, habitually standing with
the weight on one foot, or using writing desks which are either
too high or too low. Poor vision may cause one to throw the body
out of proper alignment in an attempt to see more clearly. Poor
hearing may cause one to tip the head to one side. Fatigue from
poorly developed muscles, unequal to the demands made upon
them, may lead to a drooping posture. The wearing of high-
heeled shoes tips the pelvis forward and is a common cause of
lordosis in young women. Tight clothing may flatten the chest
and curve the back by bending in the front edges of the ribs.

Effects of Poor Posture on Health.—Poor posture may produce
pain, discomfort, or symptoms of illness, or it may affect health
indirectly through the derangement of certain organs of the body.
Among the direct effects are the increased fatigue and muscular
strain that result from holding the body in poor position. Poor
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sitting posture with the head lowered forward produces muscular
and nervous tension and the feeling of congestion in the back of
the neck. Hollow back or lordosis often produces backache because
of the pressure of the processes of the spine upon one another. It
also puts a strain on the sacroiliac joint (the articulation of the
spine with the pelvic basin), which may cause extreme pain. Poor
posture in writing contributes to the development of writer’s eramp.
Pains aseribed to rheumatism and sciatica are sometimes due to
faulty posture.

The undesirable indirect effects arising from poor posture are
primarily concerned with the displacement of the internal organs
when the chest is depressed and the abdomen protrudes. The lungs
are less completely expanded; some portions become less active and
more readily susceptible to tuberculous infection. The diaphragm
is pushed down and cannot function properly. The stomach and
the transverse section of the large intestine sag (see page 73).
X-ray examinations have shown that the stomach may be so dis-
placed that food eannot readily pass through it. The abdominal
wall is relaxed and the organs it supports are forced into an un-
natural position, contributing to indigestion, fermentation of food
in the intestine, and chronic constipation. The stagnation of blood
in the liver and other abdominal organs tends to cause despondency
and mental confusion as well as physical ailments. Dysmenorrhea
or painful menstruation may be due to the tipping forward of the
pelvis or to congestion within it.

Correction of Postural Defects.—
The correction of severe postural
defects should be made under the
direction of an expert. Exercises
are usually prescribed by the ortho-
pedic surgeon. In some situations
remedial corrective surgery or mas-
sage instead of corrective gymnastics
may be indicated. Food, sleep, sun-

Scoliosis is easily acquired. (From
Drew: Individual Gymnastics, Courtesy
Lea & Febiger.)
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shine, rest, or medical attention rather than exercise may be
needed. Braces should never be worn without the doctor’s advice.

A careful study of one’s habits in sitting, standing, and carry-
ing weights should be made, to determine whether there are fac-
tors contributing to postural defects that can be removed. The
physical examination should reveal vision or auditory defects.
Weak muscles should be toned by adequate rest, nutrition, and
suitable exercise. Posture often improves automatically with im-
provement in the musculature. No amount of effort to assume
good posture will succeed unless the musecles are strong enough
to hold the body parts in proper relation to each other.

What Is Good Posture and How Is It Secured?—We have al-
ready implied that the right mechanical use of the body requires
the minimum muscular effort. This involves a condition of bal-
ance. We should be able to move the body at any time in any
direction, easily and without strain. We may think of good
posture in standing, sitting, walking, and working as the position
that enables the body to act most effectively. Good posture does
not require the maintenance of an unvarying position at all times.
Temporary twisting, turning, stooping, and bending help to re-
lieve strain. (Good posture is habitual carriage in the most effec-
tive position. :

In good standing position the head is well back, the chin in, the
abdomen flat, the back straight, the knees slightly flexed, and the
toes pointed straight ahead. The chest is the point of the body that
ig farthest forward. It is raised as though lifted forward and up-
ward. Weight is borne chiefly on the balls of the feet. A line
dropped from the base of the ear would pass through the shoulder,
the hip joint, the kneecap, and just in front of the ankle. The
normal spine curves slightly forward at the neck and at the small
of the back and backward at the shoulders and at the hips. There
are no lateral curves in the normal spine. A straight back is a
strong back.

In walking the body is carried easily and gracefully in the posi-
tion of standing, with the toes always pointing straight ahead.
Hands hang loosely and comfortably at the side. Good carriage of
neck and head is one of the most important factors in the appear-
ance of good posture.
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The development of good standing and walk-
ing posture involves getting into the proper
position and strengthening the muscles involved
in maintaining this position. If through im-
proper use certain muscles become lengthened
or shortened, the condition must be corrected.
The simplest direction for getting the body
into good position is ‘‘stand tall.” In doing
this one may stand a pole beside the body or
drop a plumb line to determine whether the
ear, shoulder, hip joint, kneecap, and instep
are in a straight line. Another recommended
procedure is to stand with the heels against a
flat wall and with one hand behind the back at
the waistline. Contract the gluteal (buttock)
muscles. Contract the abdominal muscles by
pulling in the abdomen and pushing back
against the hand. Raise the chest forward and
upward. Draw the chin in and stretch up tall
as though balanecing a weight on the head.
Walk away in this position and make an effort
to maintain it.

If opposing muscles are not properly bal-
anced, they become ‘‘set’’ in the wrong posi-
tion. For example, there are certain chest
muscles (pectoral) that move the shoulders
forward and certain upper back museles (rhom-
boids) that move the shoulders back. If the
chest muscles habitually draw the shoulders
forward, they overbalance the opposing mus-
cles, which become stretched, and the chest is
characteristically held in this eramped position.
The only way to correct the difficulty is to
strengthen the musecles that pull the shoulders
back and to stretch the museles that pull the
shoulders forward.

In ercect sitting posture the relationships of
the body, neck, and head are the same as in
standing posture. A straight line would pass

Diagram showing
good posture.



through the ear, the shoulder,
and the hip joint. The person
sits back as far as possible in
the chair so that the back is
supported at the dorsolumbar
junction. When working at a
desk, as in writing, the body
hends forward from the waist
without breaking this straight
line.

Proper sitting posture re-
quires a chair so constructed
that good posture is possible.
The depth of the seat should
not be more than 80 to 85 per
cent of its height from the
floor. The height should be
. such that the feet can rest

(H. Armstrong Roverts) Squarely on the floor when the
In walking the body is carried easily and thighs are parallel to it and the
gracefully knees at right angles. There
should be support at the junc-
tion of the dorsal and lumbar portions of the back.

The chair should be close enough to the desk so that the fleshy
inner part of the forearm may rest easily on the surface of the
desk without pushing up the shoulders. This allows the right arm
freedom of motion in writing. Sitting on one foot is a poor habit,
since it tips the base on which the spine rests and throws the spine
out of alignment. It also interferes with circulation,

When stooping to pick up an object or to lift a weight a person
should place one foot slightly in front of the other and bend the
body at the hips and at the knees, keeping the back flat.

The height of the workbench, table, desk, or kitchen sink is of
considerable importance. It should be planned for use with the
worker either standing or sitting, not both, and the height should
be adjusted so that the worker can keep a straight back without
stooping forward. A woman is often as much fatigued from iron-




CHAPTER XVI1
FOOT HYGIENE

The foot is so constructed that it is capable, if used properly,
of bearing the body weight untiringly. If its structure is weak-
ened through misuse, aches and pains result. The effects of un-
hygienic use of the feet extend even farther, because the bodily
activity necessary to health depends upon good feet, capable of
being used efficiently and without discomfort.

Structure.—The foot is similar in structure to the hand, its
chief differences being in the shortened digits and in the enlarged
bones of the ankle, developed to bear the necessary weight. Its
twenty-six bones are held together by ligaments and muscles in
such a way that they give elasticity in movement. Nerves and
blood vessels are numerous throughout these structures.

Long tendons connect the bones of the foot with the large muscles
in the leg to give the foot its powerful movements. These tendons
are bound down at the ankle by bands of ligaments so that, as in a
pulley, the direction of force is changed.

The bones of the foot are so arranged as to form two well-defined
arches. The longitudinal arch or ‘‘instep’’ extends from the heel
forward to the ball of the foot. The transverse or anlerior arch
extends across the foot back of the toes and at right angles to the
longitudinal arch.

The position of the bones in the arches is dependent upon the
support given by the ligaments that bind them together. Small
muscles on the soles of the feet also aid in preserving the arches.
If these muscles are so weakened through lack of use that they
become relaxed, the weight placed on the arches is greater than
the ligaments can support and they stretch, allowing the bones
to fall. The maintenance of the arches is of prime importance in
foot hygiene and depends not only upon keeping the muscles in
proper tone but also upon the proper mechanical use of the feet.

The normal shape of the foot is triangular, with the apex at the
heel and the broad portion at the toes. Its relation to the bones of
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the leg is such that a plane passed through the center of the knee-
cap would pass through the center of the ankle and between the
first and second toes. A low-arched foot is normal in some per-
sons and appears without adverse symptoms just as do high arches
in other persons.

Function.—In the normal foot the weight of the body is dis-
tributed upon the heel, the ball, and the outer edge of the foot.
The strongest position of the foot is with the toes pointed straight
ahead so that the weight falls along the length of the longitudinal
arch, with the great toe and transverse arch giving additional sup-
port. If the toes are pointed outward, the weight falls on a point
at about the middle of the longitudinal arch on its inner edge.
The arch is highest here, less well supported by ligaments, and
unsuited to bear the heavy weight. The additional support of the
transverse arch and great toe is lost in this position.

When walking with the feet unhampered by shoes, the forepart
of the foot grips the ground at each step, and the great toe serves
as a lever and gives the body a strong push forward. When shoes
are worn which do not permit this use of the foot, much of its
efficiency is lost, and it eventually becomes incapable of func-
tioning properly.

Foot Defects.—The wearing of poorly fitted or high-heeled
shoes, faulty habits in the use of the foot, and weakened muscles,
due either to lack of use or to illness, may all contribute to foot
defects. Foot strain from overuse occurs in persons who stand for
hours at their work. It is also likely to follow prolonged or violent
foot exercise, especially when the person has been inactive for a
time.

One of the commonest foot defects is pronation, a condition in
which the ankle rolls toward the inner border of the foot, the
weight falls on the inner side of the longitudinal arch, which tends
to flatten out, and the great toe loses its leverage capacity. Pro-
nated feet can easily be identified by standing direetly in front of
a low mirror and noting the position of the ankle with relation to
the foot and the kneecap. Pronation often starts from a slight
weakness in the muscles of the ankles, or from wearing improper
shoes. More frequently it comes from toeing out. It is usually
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progressive if not corrected early, and eventually results in
‘‘flatfoot.”’

Flatfoot is usually acquired but it may be congenital. In aec-
quired flatfoot the weakened muscles have permitted the ligaments
to stretch so that the bones of the longitudinal arch have dropped.
The foot loses its resiliency and symptoms of fatigue accompanied
by pain commonly appear. The flattened arch ecan be identified
by the imprint left by a wet foot placed on a dry floor. In the
‘“‘normal’’ foot the inner edge leaves no mark at the center, but in
flatfoot the print is as wide at the center as at the heel.

Pronation is prevented by placing the toes straight ahead and
putting the weight on the outer edge of the foot. This distributes
the body weight throughout the length of the foot and draws the
ankle into a proper position. It is usually difficult at first to main-
tain this position, and the muscles need to be strengthened by suit-
able exercises for the feet. Orthopedists sometimes prescribe a
special shoe in which the inner edge of thre sole or heel, or both, is
raised so that the weight is thrown in the right direction. The use
of arch supports should not be relied upon permanently. They
should serve only as crutches to aid the muscles and ligaments until
they can be strengthened to perform their proper function. In a
normally functioning foot there should be a degree of flexibility
ordinarily impossible when arch supports are used.

A fallen transverse arch is due to a letdown of the ligaments and
muscles which join the metatarsal bones.

This was once common in women and was usually caused by
wearing high heels and pointed toes. Too much weight was thus
thrown forward onto the transverse arch. The muscles were weak-
ened because the narrow shoe prevented their use in gripping the
ground when walking. A corn or callus is often formed on the
sole of the foot under the fallen transverse arch due to the pressure
of the bones. Exercises that strengthen the gripping muscles of
the toes are useful in keeping the transverse arch in normal position.

A shortened tendon of Achilles arises from the constant wearing
of high-heeled shoes. This tendon, which connects the large calf
muscle to the heel, gradually shortens to accommodate itself. The
foot loses its flexibility and becomes more immobile. Its use is so
restricted that a stiff, awkward gait results. The foot muscles be-
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ency to force the nail into the surrounding soft tissues, forming
ingrowing nails. These are painful and frequently cause the toe
to become infected. Wearing well-fitting shoes and keeping the
nails cut straight across are important in preventing this condition.

Pronated feet. (From Key and Conwell.)

Clavus or corn on the third, fourth, and fifth toes. (From Dickson and Diveley:
Functional Disorders of the Foot. Courtesy J. B. Lippincott Co.)

A sprain is an injury to a joint, usually temporary. It is caused
by a sudden wrench for which the muscles have not had time to
prepare and is accompanied by stretching or tearing of the liga-
ments. A physician should be consulted to determine the extent
of the injury. An x-ray may be necessary to detect a possible
fracture which cannot be felt. Until a physician can be secured,
the sprained foot should be elevated above the horizontal. Cold
compresses, or hot and cold compresses used alternately, may be
applied for an hour or two.

Hygiene of the Foot.—Proper care of the feet requires strength-
ening of general muscle tone, using the foot in a proper mechani-
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cal way, and wearing properly fitted and correctly shaped shoes
and stockings. Defects that develop should be corrected by an
orthopedist or a competent physician.

A good shoe should conform to the shape of the foot, permit-
ting free use of the bones, muscles, and ligaments without pres-
sure. At the same time it should give support in the place where
it is needed, that is, around the bones of the instep. A straight
inner edge which permits the use of the great toe as a lever, and
a sole broad enough to permit proper toe spread and ‘‘grip’’ are
desirable. Heels of the work shoe should be low and broad
enough to provide a solid foundation.

What do high heels do to the feet?

Much of the harm that comes from ill-fitted shoes results from
failure to differentiate in the choice of shoes for utility and for
dress. The wearing of a suitable work shoe most of the time will
keep the foot in good condition and will permit the occasional
wearing of a more ornamental shoe. Hosiery that is too short in
the foot likewise interferes with the proper foot movement,

Cleanliness of the feet is essential to their hygiene. ILeather
footwear interferes with the evaporation of moisture from the
numerous sweat glands of the feet and provides a favorable site
for fungus infection if the feet are not bathed daily and dried
thoroughly.

Exercises for the Feet.—Authorities recommend exercises for
strengthening the three groups of muscles that are used in flexing
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the foot and the ankle and in turning the foot inward. The follow-
ing exercises are commonly suggested :

1. Sit with one knee crossed over the other so that the leg hangs free.
Extend the ankle, pushing down with toes, then turn foot inward and upward,
in a circular motion, flexing the ankle strongly.

2. Sit or stand with feet parallel on the floor. Raise the arch by drawing
the toes toward the heel, and turn the toes inward with strong inversion as if
gripping the ground.

3. While standing, rise on tiptoes, then slowly lower the heels with weight
on outer sides of the feet.

4. Stand with the arches drawn up and thé‘ weight on the outer borders of
the feet.

5. Walk with the feet slightly turned inward and with toes pointing straight
forward.

6. Stand on low stool or book with the toes protruding over and grasping the
edge.

7. Practice picking up a marble or pencil with the toes.

8. Walk on a straight line, with heel of forward foot touching toe of rear
foot at each step, keeping weight on outer borders of the feet.

To be effective, exercises must be followed persistently several
times a day, but not continued to the point of fatigue. Only two
or three exercises should be practiced at any one time.

Walking properly without shoes or in suitable footwear is good
exercise for the feet. They should be kept straight and the heel
should be brought down without banging. The weight should be
transferred toward the ball of the foot and the toes used as in a
gripping action. Attention to walking properly will do much to
improve muscle tone and to develop the right mechanical use of
the feet.
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CHAPTER XVII
HEREDITY AND HEALTH

The amount of space that can be devoted to the relationship
between heredity and health must necessarily be limited in a text-
book of this type. Only the basic principles of heredity and those
facts that are important in guarding against the perpetuation of
undesirable traits and physical conditions in offspring merit dis-
cussion here. Our knowledge of the subject has come from the
researches on human heredity (eugenies) begun by Galton, and re-
searches in plant and animal breeding (genetics) initiated by
Mendel.

Mendelian Inheritance.—Mendel’s law enunciates the principle
that opposing unit factor characteristics in the male and female
parents do not blend in the offspring, but the units of heredity,
or genes, remain distinet in the germ cells of the offspring, re-
combining in future generations according to probability and
chance.

This law may be illustrated from animal heredity. Among
guinea pigs the crossing of a black strain with a white (albino)
strain produces in the first generation only black offspring; but
if these pigs are bred among themselves, the resulting offspring
are in the ratio of approximately three black pigs to one white.
Black coat is a dominant characteristic and white coat a recessive
characteristic. We can understand these results if we assume
that the black guinea pig possesses a factor in the germ cell for
black color and that the color factor is lacking in the white pig.

Black coat and white coat are alternative characteristics. If a
black-pigment-producing substance is present in either of the two
germ cells that go to make up a new individual, that animal will
be black, i.e., black is dominant. If none of the genes of the re-
productive cells contain such a substance, no black pigment can
develop and the animal is white.

It may help us to understand the law better if we consider the
explanation afforded by the belief that the chromosomes are
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bearers of the hereditary characteristics. The reader who has
studied elementary biology will recall that the chromatin, or
deeply staining substance of the cell nucleus, arranges itself into
short threads called chromosomes whenever there is a cell divi-
sion. Each chromosome splits lengthwise (except in the produc-
tion of sex cells when they do not split, but half of the chromo-
somes go to each new cell). The number of these chromosomes is
thus constant for any species of animal. The number in each of
the body cells is twice that in the mature sex cell. In other words,

PARENTS

FIRST
GENERATION

e <

SECOND
GENERATION

Diagram illustrating the mechanism by which the unit factor, color, is in-
herited in guinea pigs. Animal 4 is a black, female of pure stock. Such an
animal is called homozygous, and all of its sex cells are alike in carrying the
unit character in question. Animal B is a homozygous white male; none of the
sex cells have the characteristic for blackness. Animals C (female), and D
(male), are hybrids. In each case half of the sex cells carry the characteristic
for blackness and half of them lack this characteristic. When C and D are
crossed, the offspring of the second gemeration are in the approximate ratio
of three black to one white. The diagram illustrates each possible chance com-
bination of sperm and egg, and it will be seen that, of the second generation
animals, E is a homozygous black. F and G are heterozygous like C and D,
and H is a homozygous white.

the final maturation processes of sex-cell development allow a
separation of the chromosomes into two sets or groups, so that
there may be two kinds of sperms and two kinds of ova so far as
the inheritance or noninheritancee of a characteristic is concerned.
A careful study of the accompanying diagram should make clear
the way in which a unit factor is inherited.
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We can only marvel at the miracle Nature displays in heredity.
From each mating of sex cells, all of which look alike when
viewed with the microscope, Nature produces an individual dif-
ferent in characteristics from any other of the millions of people
who inhabit the earth. It is difficult to explain how so many
characteristics can be arranged spatially in the tiny germ cell
unless we can assume that these characteristics are produced by
the infinite varieties in molecular pattern which are possible in
the highly complex chromatin substances.* The mechanism of

TABLE SHOWING MENDELIAN INHERITANCE IN MAN
(Teratologic and Pathologic Characters)

Dominant Recessive

Achondroplasia (dwarfs with short stout Normal
limbs but with bodies and heads of nor-

mal size)
Hereditary fragility of bones Normal
Brachydactylia (short fingers and toes) Normal
Syndactylia (webbed fingers and toes) Normal
Polydactylia (supernumerary digits) Normal
Symphalangism (fused joints of digits, stiff Normal

digits)
Epidermolysis (excessive formation of blis-

ters
Blond()a or brunette Albino
Spotted with white Uniformly colored
Diabetes insipidus (excessive production of Normal

urine)
Huntington’s chorea Normal
Front of iris pigmented (eye brown, black, Only back of iris pigmented

ete.) (eye blue)
Normal Pigmentary degeneration of

retina

Glaucoma (internal pressure and swelling Normal

of eyeball)
Hereditary cataract Normal

(Sexz-Linked Characters)

Recessive characters, appearing in male when simplex, in female
only when duplex.

Normal Gower’s muscular atrophy

Normal Hemophilia (slow clotting of
blood) t

Normal Color blindness (Daltonism;
inability to distinguish red
from green)

#Miescher has shown that a molecule of albumin with forty carbon atoms
may have as many as one billion stereoisomers; in protoplasm there are many
kinds of albumin and other proteins, some with probably more than 700 carbon
atoms.—Conklin.

t+Studies suggest the existence of another type of hemophilia which is
dominant and not sex-linked. The condition is due to weakness in the capillary
walls. Levit and Malkova: A New Mutation in Man, J. Heredity 21: 73-78.



inheritance is in no way better
illustrated than in the complete
similarity of identical twins,
who result from the separation
of the embryo into two equal
halves at an early stage, and
therefore receive identical he-
reditary factors.*

Inherited Diseases and Ab-
normalities.—There are several
unit characters which have al-
ready been discovered in human
heredity. Some of these are
diseases but, fortunately for the
race, these diseases are usually
recessive. (See table on page
239.) If recessive (and not

(H.drmstrong Roberts)  oox linked) they are not passed
person is his her.edity plus his human on to children unless both par-
experience.
ents carry the defect.

Germ diseases are not inherited, although the embryo may be-
come infected through the placenta, as in the case of congenital
syphilis. In other cases, as in tuberculosis, a predisposition
toward a discase in the form of constitutional weakness may be
passed from one generation to another. Many other physical
and mental qualities, special abilities, some forms of epilepsy
and feeblemindedness, and special traits, such as left-handedness
and a tendency to produce twins, appear to be inherited, but they
do not behave as simple Mendelian characters.

It is difficult to secure evidence in human heredity, and the
mechanism of inheritance of many of these characteristies is still
in doubt. Marriage between near relatives is usually not advis-
able because some hidden hereditary family weakness in both
persons may appear in the offspring. If both parties are free from
hereditary defects, such a union is not to be feared.

How Sex in the Offspring Is Determined.—There has always
been considerable speculation as to the determination of sex in

o

*Fraternal or unlike twins are produced from separate eggs, cach of which
is fertilized by a separate sperm cell.



the offspring, because the ques-
tion is of vital interest to par-
ents who have a preference for
either a son or a daughter. It
is interesting to find that the
explanation offered by Men-

delian studies in heredity and £ S . P
the microscopic studies of cell (Black Box)
structure indicate that sex in  Tdentical twins illustrate the importance
the offspring cannot be con- heredity.

trolled.

All pairs of chromosomes in the body cells of animals, with the
exception of one pair, are similar in appearance. These are the
so-called sex chromosomes, the X-chromosome and the Y-chromo-
some. The accompanying diagram shows the chromosome strue-
ture in the body cells of the fruit fly, Drosophila. The body cells
of the female contain two X-chromosomes, and the body cells of
the male contain one X-chromosome and one Y-chromosome. Each
germ cell contains one chromosome from each pair. Obviously
the ova will all be alike. The sperms, on the other hand, will be
of two types. Half of them will contain the X-chromosome and
half of them will contain the Y-chromosome. The sex of the off-
spring depends upon whether the sperm cell which fertilizes the
egg contains the X-chromosome or the Y-chromosome.

Sex-Linked Characters.—Apparently, the causative factors of
certain other characteristics are located in the pair of chromo-
somes which determine sex or, more exactly, in the tip of chro-
matin carried by the X-chromosome but lacking in the Y-chromo-
some. Such unit characters are sex-linked. Remembering the
nature of the sperm cells previously described, we see that a
dominant sex-linked character in a man may be transmitted to
his daughter but not to his son. If it were a recessive character,
it could not appear in any of the children, provided the mother
was normal in this vespect. Recessive sex-linked characteristies,
when transmitted by the mother, would be apparent only in the
sons. A recessive characteristic appears in the male when the
X-chromosome carries the recessive character; it appears in the fe-
male only when both X-chromosomes carry the recessive character.
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Color blindness is an example of this kind of inheritance. Its
transmission is explained in the accompanying diagram.

X

Diagram showing the four pairs of chromosomes in the fruit fly, Drosophila.
X and Y indicate the sex chromosomcs. (After Bridges.)

Color blind Normal Normal Color blind
G- B
O
XY XX XY XXX

Normal Normal  Color blind
M ON O

Q d Q .
XX XY XX

X

N 1]
N T
)EPXXQXXYXY )EXXQXX)’XY

The inheritance of color blindness. The chart on the left shows the in-
heritance when a color-blind man is married to a normal woman. None of
the children are color-blind, but the defect is transmitted through the daughters
to half of their sons. Color-blind persons and chromosomes carrying the gene
for this character are shown in white. The chart on the right shows the in-
heritance pattern when a color-blind woman is married to a normal man. All
the sons are color-blind. In the second generation (from the type of mating
shown in the diagram) half of the daughters and half of the sons will be color-
blind.

Mentality and Heredity.—Mental ability is without doubt in-
herited, since there is a high correlation between the mentality of
fathers and sons, and between the mentality of brothers. There
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is also a high correlation between the mental abilities of husbands
and wives. (In contradiction to a popular belief, most persons
marry ‘‘likes,”’ not opposites.) This helps to raise the father and
son correlation. The question of environment enters here, since
children of the most brilliant parents usually have the best sur-
roundings.

In mentality, physical stature, size, and some other character-
istics the offspring of widely different parents appear to be inter-
mediate between the two. It would seem that there is either a
blending of characteristics or the quality in question is produced
by many or ‘‘multiple’’ unit factors. In the latter case, if the
father possessed twenty factors for mental ability and the mother
ten, the offspring would be most likely to receive about fifteen
and would, therefore, be intermediate in condition, thus giving
the appearance of ‘‘blending inheritance.”’

Apparently there are ‘‘good strains’’ of human stock. Dr.
Woods has shown that the first thirty persons selected for the
Hall of Fame averaged one near relative of distinction apiece.
One out of four of the persons listed in standard biographical
dictionaries has a near relative of distinction. In the great group
of Americans who are not listed in a biographiecal dictionary, only
one person in five hundred is closely related to a man of distinction.

Statistics in The Builders of America by Ellsworth Huntington,
Yale social scientist, and Leon F. Whiting, eugenist, show that
for every twenty clergymen one clergyman’s son is listed in
Who’s Who, whereas the proportion for other professions is 46
to 1; for skilled labor, 1,600 to 1; for unskilled labor, 48,000 to
one. The children of clergymen have the advantage, of course, of
growing up in homes where the standards of education and morals
are high.

We have the story of the family of the illustrious Jonathan
Edwards which shows innumerable examples of the highest intel-
lectual and moral worth among its descendants. On the other
hand, there is the story of the Jukes family, investigated by Dug-
dale, and concerning which we find the following statistics: In
five generations of the descendants of a worthless fisherman there
were 1,200 persons; the history of 1,040 of these persons is partly
known or well known. About 300 died in infancy; of those re-
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maining 7 were murderers, 60 were habitual thieves, 130 were
convieted criminals, 140 were physically wrecked by their own
diseases and wickedness, more than half of the women were pros-
titutes, and 310 were professional paupers living in almshouses a
total of 2,300 years. Not one of these persons had a common
school education and only 20 learned a trade, 10 of whom learned
it in a state prison. Here it is not easy to separate heredity and
environment or to estimate the cost of this family to society.

Feeblemindedness.—Four measures have been proposed for con-
trolling the propagation of defectives: (1) education, (2) legis-
lation, (3) segregation, and (4) surgery. No one of these measures
is fully satisfactory. Education of the general public may make
society more alert to the problem. Laws limiting the marriage
of feebleminded persons have been enacted in many states. Seg-
regation is an ideal procedure whenever it can be applied, but it
is hopeless to attempt to secure all the afflicted and to place them
in segregation hospitals. Surgery has been performed to sever
the vas deferens in the male or the Fallopian tube in the female.
Tt produces no change whatever in the physiology of the indi-
vidual but it does prevent procreation.

Twenty-nine states already have carefully written eugenic steril-
ization laws. The principle of compulsory sterilization was ap-
proved by the Supreme Court of the United States in 1927 by a
decision in whiech Justice Oliver Wendell Holmes remarked,
““Three generations of imbeciles are enough.’”” These laws pro-
vide for expert unbiased medical investigation, usually with the
written consent of the nearest relatives, to make sure that sterili-
zation is applied only to cases of hereditary feeblemindedness or
mental disease. About 40,000 sterilizations have been performed
in this country. Relatives of patients, physicians, and social
workers approve the plan because they have observed that sterili-
zation is a protection, not a punishment, and that it enables many
patients to return to their homes and live normal lives.

The long-range importance of sterilization is readily seen. Evi-
dence indicates that families furnishing children to state homes
for the feebleminded multiply about twice as fast as the rest of
the population. Experts estimate that it would be possible to
decrease feeblemindedness 36 per cent in one generation by means
of sterilization. One state reports that sterilization is already
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providing an estimated annual saving of $2,000,000 in the cost of
caring for its feebleminded and insane in institutions.

Heredity and Conduct.—What effect will one’s habits, virtues,
and vices have upon the offspring? The present theory regarding
the inheritance of acquired characteristics is indicated in the
surgical experiment of Dr. W, E. Castle in which the ovaries from
a small black guinea pig were transplanted into an albino (pure
white) guinea pig, which was later mated with another albino.
The offspring produced were black. This experiment shows that
the hereditary qualities lay in the germ cells and not in the body
as a whole. Mutilation experiments, such as the amputation of
tails of mice for several generations, have failed to produce mice
with shorter tails.

One may say that, from the standpoint of the race, the germ
cell is of greater importance than the individual. A person is
like the father because he is descended from the same line of
similar germ cells. The children of soldiers who are mutilated in
war will be normal in every respect; the physical condition of the
parent will not be transmitted to the child. An injury to the
germ cells is much more serious than an injury to the body tissues
of the individual.

The number of cells of the body which, through one’s descend-
ants, may outlive the span of his own life is the same as the
number of his children. We cannot change the hereditary char-
acteristics embodied in these cells, but we should remember that
these cells are a living part of the body and that they are subject
to some of the same influences that injure other tissues. We would
expect to find the greatest vitality in those cells of a normal and
healthy body.

Certain poisons, which are distributed through the circulation,
can reach these cells, and a poison that is eapable of serious injury
to the growing or adult organism may thus be expected to ex-
tend in its influences to the sex cell. Lead is such a poison. When
there is serious lead poisoning in either the father or the mother,
many of the babies are stillborn, and those who do live often have
inferior vitality. Syphilis produces a poison that has most harm-
ful effects, especially upon the nervous system of children.

One may ask, however, whether all this does not end the par-
ental obligation to exercise proper control over the temper and
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the nervous system generally. The answer is that faulty hygiene
in these respects will injuriously affect the environment of the
children. If the parent is a confirmed neurasthenic, he is almost
sure to impair the mental health of his children.
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CHAPTER XVIII1

THE HYGIENE OF REPRODUCTION

The Problem Defined.—The hygiene of reproduction in its
broadest sense involves the replacing of one generation by another
in the best possible manner. There are two phases to this prob-
lem. One is selective mating in order to guarantee sound heredity;
the other is hygienic living, with particular reference to sex hy-
giene, the hygiene of pregnanecy, and the hygiene of infancy.

Structure of the Genital Organs.—The primary sex differences
begin relatively early in the life of the embryo with the develop-
ment of sex glands (ovaries and testes) which arise from the germi-
nal epithelium near the developing kidney.

In the male the two testes devclop in the embryo, move down-
ward to the brim of the pelvis, and pass through the anterior
abdominal wall to take their final position in the serotum, a pouch
of skin suspended from the lower part of the male pelvis. The
pair of ducts or tubes which carry the sperm to the exterior begin
with a set of sperm tubules in each testis. These unite to form the
coiled tube of the epididymis, lying along side the testis. This
tube becomes the wvas deferenms, or spermatic duct, which passes
upward from the serotum, in front of the pelvic bone of the
groin, through the inguinal canal in the abdominal wall and into
the abdominal cavity. After crossing the ureter, it descends back
of the urinary bladder to the bottom of the pelvie cavity.

The lower portions of these ducts receive the contents of the
seminal vesicles, pass through the prostate gland, and empty into
the urethra. The secretions of the seminal vesicles, the prostate,
and the bulbourethral glands plus the sperm (for which they
serve as a vehicle) constitute the semen. The urethra begins at the
neck of the bladder and passes downward through a portion of the
prostate gland and through the penis, the external male organ,
to the outside.

In the female the two ovaries develop in the embryo and each
is suspended in the abdominal cavity by a broad ligament. The
Fallopian tube (oviduct) of the female genital apparatus is not
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attached to the ovary, but its open end is close to the area of the
ovary from which egg cells are discharged, and the movement
of its cilia insures the entrance of the ovum into the oviduet.
The right and left oviducts open into the wterus, or womb. This
is a pear-shaped, museular-walled organ, about two inches wide and
three inches long. The neck of the uterus projeets into the thin-
walled musculomembranous canal, the vagina, which opens to the
exterior of the body.
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Diagram of the male genital organs. (After Lewis and Stohr: Tewztbook of
Histology. Courtesy The Blakiston Co.)

The urethra does not open into the vagina but through a separate
external orifice. Two folds of tissues called labia constitute the
external genitals or vulva. The clitoris is a particularly sensitive
structure, located where the labia unite above. In the virgin the
outer opening of the vagina is partially closed by a thin membrane
called the hymen. This membrane may be ruptured by chance dur-
ing childhood or, if it remains intaet, during the first sexual inter-
course.
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The Reproductive Process.—The ova develop in vesicle-like
structures in the ovary. These are called Graafian follicles. As
the follicle enlarges, it approaches the surface of the ovary and
forms an elevation nearly one-half inch in diameter. The ovum
itself is only about 445 inch, or 0.2 mm. in diameter. The follicle
finally ruptures, liberating its single ovum into the pelvic cavity,
from whence it passes directly into the opening of one of the Fal-
lopian tubes. This process of liberating the ovum is called ovulation.
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Diagram of the female genital organs. (After Lewis and Stohr: Teatbook
of Histology. Courtesy The Blakiston Co.)

The empty follicle fills with blood and forms a structure which is
gradually changed into the yellow body, or corpus luteum. This
produces a hormone that prepares the uterus for the reception of
the ovum. If fertilization takes place, the corpus luteum persists
for some time, and ovulation does not again occur until after the
pregnancy is completed.

The spermatozoa arise from cells that line the tubules of the
testes. A maturing process changes these cells into the tadpole-
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shaped spermatozoa, each consisting of a head, a middle, and a long
tail piece. These minute motile cells are only about 0.055 mm. in
length, and it has been estimated that more than 200 millions are
discharged in one emission. They are capable of living for several
days after they have been deposited in the genital tract of the
female. They move about 14 inch per minute and travel up through
the uterus to the oviduets. If an ovum is present, a sperm cell
penetrates its outer membrane and unites with it. This process
is called fertilization or conception. Once it has taken place, other
sperm cells are repelled from the now fertilized egg, and they
soon die.
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Uterus and associated organs, at left with anterior one-half removed. (From
Camp: Anatomical Studies.)

The fertilized egg descends into the uterus and becomes im-
planted in the now highly vascular mucous membrane. It is the
beginning of a new individual in the single-cell stage and it starts
its growth by dividing into two parts. This process of cell
division continues rapidly. It is not possible to make a positive
diagnosis of pregnancy by ordinary examination until about four
months after conception takes place. However, a highly reliable
hormone test may be used a month or more after conception when
the gonadotropic hormones of the pituitary (see Chapter IX)
appear in high concentration in the urine. Injection of such
hormone-containing urine into immature mice or rabbits produces
characteristic changes in their ovaries which are diagnostic of

pregnancy.
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The embryo begins its development and at the same time a sur-
rounding membrane, the amniotic sac, forms. The embryo is sus-
pended from the wall of this sac and floats in a fluid which fills
the sac and acts as a protective cushion for the growing fetus.

At the point where the sac touches the mucous membrane, pro-
jeeting growths develop in the soft lining of the uterus, forming an
attachment between the uterus and the embryo. This area of at-
tachment becomes larger as the fetus grows and is called the
placenta.

Ovum and sperm. To show the marked difference in size a sperm is shown
beneath the ovum in about the same magnification. At the right the sperm,
much enlarged, is shown in detail.

The placenta is a highly vascular organ. It conncects the fetus
with the mother by means of the umbilical cord, which contains
two arteries and a vein. The embryo produces its own blood sup-
ply, and the blood of the mother never enters it. The circulatory
system of the embryo begins to function by the end of the third
week. The fetal and maternal capillary systems within the pla-
centa are so close to each other that an exchange of food and
waste can take place. The nourishment of the fetus is thus seen
to be dependent upon the quality of the nutrition of the mother.
Poisons may pass from the blood of the mother to that of the fetus.

The uterus increases tremendously in size and in contracting
power during pregnancy. About nine months after conception the
fetus is mature, the neck of the uterus softens and dilates, and the
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body of the uterus begins a series of automatic contractions. Even-
tually the membranes rupture and the amniotic fluid escapes.
Aided by the contractions of the uterus and by the voluntary con-
tractions of the abdominal museles, the child passes through the
vagina.
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Human uterus at seventh week of pregnancy. (After Allen Thompson.)

As soon as the child is born, it gasps, or cries, fills its lungs with
air, and begins to breathe. The umbilical cord is cut. A short
time later the uterus expels the membranes to which this cord
was attached. The birth process is thus completed.

The Sex Hormones.—Sex function follows adolescence, but dur-
ing the early childhood period the sex glands, ovaries and testes,
liberate certain hormones into the blood. These develop the
physical differences that characterize the two sexes, including the
maturation and development of the sex organs themselves.
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The relationship of the sex glands to the secondary sex charac-
teristics is easily studied in domestic animals. For example,
experiments with the domestic fowl have shown that the removal
of the sex glands from the male prevents the development of the
comb and wattles. The effect of castration may also be seen in
the ox. His build, vigor, and disposition are essentially different
from those of the bull.

The Male.—Beginning with puberty (between 12 and 17 years
of age) spermatozoa are formed continually in the tubes of the
testes. They make their way to the epididymis, an oblong body at-
tached to the upper part of each testis, and are stored there until
ejaculation takes place. Failing this, they die and are absorbed.
It was formerly thought that sperms were stored in the seminal
vesicles. Many authorities now maintain that these structures
are purely secretory. The prostate and bulbo-urethral glands also
contribute to the fluid content of the seminal discharge.

The ejaculation of spermatie fluid is believed to be due to an
accumulation of secretion. Night emissions occur naturally at
intervals of from one to five or six weeks and are not a sign of
abnormality or disease. They occur less frequently when the
individual has sufficient physical activity and normal wholesome
mental occupations. Their frequency is increased by erotic thoughts
or situations and by the local congestion or irritation which may
result from drinking too much liquid immediately before retiring,
from constipation, or from lying flat on the back during sleep.

If night emissions occur as frequently as several times a week,
it is usually desirable to consult a physician. After marriage,
night emissions ordinarily cease because the seminal fluid is dis-
charged during normal sexual intercourse.

The ejaculation of seminal fluid may be produced by masturba-
tion, or the voluntary excitation of the genital organs. This is
not a' natural procedure, but its harmfulness has often been exag-
gerated. The study of individual cases suggests that probably
the majority of boys have masturbated to some extent prior to
puberty. It is not true that masturbation is bound to produce
mental disease. Ordinarily the individual discontinues the prac-
tice as he grows older.

The Female.—In the female, as in the male, the arrival of
puberty brings bodily changes and the maturation and discharge



254 Personal Health

of sex cells. The ovaries contain from 30,000 to 40,000 immature
sex cells when the individual is born. These cells mature and are
expelled from the ovary only between puberty (at about age 14
years) and the menopause (at about age 45 years). This process,
called ovulation, occurs normally every twenty-eight days within
these periods. We have already described the sequence of events
when fertilization takes place. Usually there is no fertilization,
and menstruation follows ovulation.

The menstrual function is a normal and natural process that
renews the mucous lining of the uterus. In the normal menstrual
cycle there is a pregravid period of approximately four days
during which the mucous membrane lining the uterus becomes
congested with blood. There follows a period of discharge of
about five days when this disintegrated lining is carried away
with blood and muecus; then a period of restoration and repair of
about seven days, followed by a period of rest of about twelve
days. Ovulation usually takes place about two weeks after the
beginning of the last menstruation, although women vary in this
time relation. The internal secretions of the Graffian follicle and
corpus luteum are causative factors in these uterine changes.

The twenty-eight-day interval between menstrual periods is far
from universal. Many women have a menstrual cycle which is
either shorter or longer. Normal menstruation should not be
associated with pain. Dysmenorrhea or painful menstruation is
often due to such functional causes as poor posture, constipation,
insufficient cxercise, fatigue, and chilling of the body. Occa-
sionally an organie condition such as a displacement of the nterus,
an infantile uterus, or an ovarian cyst may be the causc. When
menstruation causes intense pain, when the periods are irregular,
or when the flow is excessive, medical advice should be sought.

During menstruation the less strenuous activities of the person
need not be restricted but such vigorous or jarring exercise as
horseback riding or basketball should be avoided. Swimming is
not advised. Care should be taken to avoid chilling the body
through prolonged exposure, since it tends to produce congestion
of the pelvic organs. Daily baths without subsequent chilling
during this period are desirable.

Masturbation or self-stimulation of the genital organs has al-
ready been discussed. This habit is found among both sexes,
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although girls are less likely than boys to diseover the practice.
As indicated, no dire consequences inevitably follow. The girl,
more than the boy, is liable to nervousness, headache, and back-
ache, following prolonged periods of sex excitement, such as
result from too great intimacies between boys and girls. This is
due to the congestion in the genital organs.

Diseases.—Communicable diseases of the sex organs have an
important place in any consideration of sex hygiene. These dis-
eases constitute a public health problem and are considered in
Chapter XXIII and Appendix A.

Sex Education.—In the rearing of children adequate sex in-
struction is obviously desirable. When the child of 3 or 4 years
begins to ask questions, to inquire from whence he came, he
should be given a truthful answer to his questions, but no more.
Old stories about the stork should not be used; but, on the other
hand, this is not the time to teach the details of sex hygiene.

Before puberty the child should be informed about the changes
he is soon to undergo. The instruction should be brief, personal,
and individual—a task for the parents, doctor, friend, or perhaps
the exceptional teacher. All schools can do much to lay a good
foundation for sex education through nature study and the de-
velopment of correct social attitudes. The home, the school, and
the church have a joint responsibility in the rearing of the child.
Any unusual health problem of the adolescent should receive
medical attention.

The third stage of instruction is to be given to young men and
women between ages 16 and 18 years, and concerns chiefly infor-
mation regarding the venereal peril. Fear alone is not a deter-
rent; but a consideration of each person’s obligation to his future
mate and a clear understanding of the dangers of infection will
go far to pave the way for proper living.

It is not necessary that youth should concern itself with devia-
tions from normal physiology, but it is important to understand
that there are wide physiological differences in both males and
females. Some women may show traits of masculinity and some
men may exhibit femininity. Although normality is the rule, some
persons are oversexed, and others reflect a high degree of frigid-
ity. One has a more sympathetic understanding of personality
when he realizes that other persons may not be like himself.
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Homosexuality is a condition that exists when the mature sex
instinct seeks an outlet through a member of the same sex. An
intense affection of a member of one sex for another of the same
sex is normal and wholesome in children, but it is not to be
expected in adults.

Marriage.—Mating and reproduction are the agencies through
which nature perpetuates a species. A strong sex impulse guaran-
tees the fulfillment of these functions throughout the animal
world. Man finds that many of the richest experiences of life
are related to this biologic urge which normally results in parent-
hood and the rearing of children. The home is society’s basic,
central, stabilizing institution. Society revolves about the home.
Sociologists believe that the rising divorce rate (up sevenfold
since 1887 and now one-third the marriage rate) and the loss of
family-mindedness are important factors not only in the rearing
of children and in juvenile delinquency, but also in the increase
of crime and inhumanity. Happy homes are the greatest factor
in personal happiness and in national strength and integrity.

The experience of mankind has indicated that monogamous
marriage is the best basis for family life. Physically, emotionally,
and psychologically, man is adapted to monogamy. In ‘‘falling
in love’’ the individual idealizes the prospective mate, and the
desire to insure permanent happiness subordinates the selfish
desire for sexual gratification. In some cases, to be sure, physical
attractiveness is the chief factor in mating, but in most cases
mutual respect, common interests, similar tastes, and mutual ad-
miration for qualities of mind and spirit are the more important
factors. This leads toward the mating of superior persons with
others of their own kind.

The need for advice in marital relations has resulted in the
establishment of marriage counsel services in several large cities.
Marriage counsel obviously involves ethical, social, economie, and
hygienic factors. The experience of marriage counselors shows
that a large percentage of marital problems have a basis in some
form of sexual incompatability which can often be removed by a
better understanding of sex hygiene. One of these problems is
sterility in either the male or the female, which may be caused
by one of several correctable pathological conditions. Problems
also arise concerning the spacing of children in the family, which
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is frequently desirable from the standpoint of the mother’s health,
the care of the children, or the economic limitations under which
the family is living. Both the chureh and the medical profession
have been concerned with the difficult problems here involved.

Continence before marriage is contributory to the success of the
mating in making the love element more idealistic and in bringing
men and women to this important relationship with the highest
degree of self-respect. Promiscuity cannot claim the excuse of
physical necessity, since a person suffers no physical or mental
injury from the postponement of sex life. Laxity in morals pro-
duces prostitution with its serious social problems, as well as an
unfortunate group of women and illegitimate children. It is
responsible for a large amount of venereal disease. There are no
sure ways to avoid disease or pregnancy in sexual intercourse.
Society frowns upon those persons who do not conform to the
usual standards of sex behavior, and such persons are likely to
suffer acutely from remorse.

Most persons who do not marry find it readily possible to fill
life with wholesome interests, activities, and useful service. Some
of the best services to society have come from single persons
whose dominating interest has been a worth-while cause. Celibacy
is entirely compatible with health,
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CHAPTER XIX
ADULT HYGIENE

The adult faces various responsibilities for health maintenance
in keeping up his own efficiency, in protecting the health of his
family, and in meeting his health responsibilities as a citizen.
New health problems arise with advancing years. Many of these
have been considered already. Others will be discussed in this
chapter and in the chapters on community health.

Medical Care.—No hard and fast rules of living can be made that
will apply equally to all persons. It is very important, therefore,
that each person through his own experience and through medical
advice understand his own particular limitations and live within
them. The old-fashioned idea that medical services exist only for
those who are physically disabled is gradually being replaced by
the more modern point of view that such services should also be
used to prevent disease.

Unfortunately, many persons treat themselves until they become
seriously ill; then they call the physician and demand that he
perform a miracle in short order. A person of this type usually
follows the doctor’s orders only so long as he is sick in bed and
returns to his old habits the moment he is able to be on his feet
again, disregarding repeated warnings from the physician, He
expects too much and cooperates too little.

The physician should be given an opportunity to advise during
health and to detect the first signs of deviation from normal. At
that time correction may be made with the greatest assurance
of success and with the least pain and inconvenience to the
patient. The annual health examination for a thorough check-up
by the physician is now a recognized procedure in the mainte-
nance of health. The physician has certain tools of science such as
blood pressure, microscopic examination of the blood, urinalysis
and x-ray examinations, which are very helpful in revealing ob-
scure signs significant in the diagnosis of disease.

The physician should also be consulted when any symptoms
appear which seem to suggest a deviation from normal, as for
example the appearance of a lump anywhere in the body, undue
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fatigue, chronic pain, discom- -
fort, or a persistent cough.
Medical supervision is needed
for the expectant mother, infant, §
and runabout child. While these
are normal situations in life,
there are many dangers at-
tendant upon them that can be
avoided by expert supervision.
Immunization against the dis-
eases for which it is possible and
needed is a most important
health service.

Choosing One’s Physician.—
The choice of one’s physician
merits careful thought. Beyond
preferences as to personality,
there is the more important con-
sideration as to the quality of training he has recexved If the
physician is a graduate of a recognized medical school and has had
training or experience in a first-class hospital, his background may
be considered adequate. In addition to this qualification a good
physician must keep up with progress in scientific discoveries and
in' medical and surgical practice. He probably belongs to local
and national medical associations. It is always well to choose a
physician who is liked and employed by worthy people in the ecom-
munity. In a new or strange community, ask the advice of a
hospital.

In the medical profession as elsewhere there are variations in
ethics and in competency. Reputable physicians follow a high
code of ethics and are actuated by the spirit of service to human-
ity. They do not advertise.

There are no secrets regarding cures that a reputable physician
will withhold from other physicians, Authentic discoveries are
freely discussed in medieal journals. New theories are given
very careful scrutiny before they are accepted and endorsed by
the medical profession. One should beware of those who advertise,
special or secret methods of cure or who claim ability to cure. -

( Harold M. LG-DM)

The health examination is an important part of
; your health program.




260 Personal Health

serious ailments easily and quickly. These are the methods of
the ‘“‘quack.”” A person should not trust his well-being and
safety to one who resorts to these methods. One should also avoid
itinerant healers who do not remain long enough in one place to
assume full responsibility for results of treatments given.
Health Insurance, State Medicine, Socialized Medicine.—A
study of medical service available to the majority of the world’s
population both in the past and today will show how fortunate
the American citizen is in being able to employ the quality of
medical and surgieal skill available. There is much to be said for
the ideal relationship between the patient and his private physi-
cian who advises him in health and treats him in disease. Never-
theless, European countries have developed various forms of
organized or socialized medicine and similar proposals have been
advanced in this country. We can do little more here than state
the nature of this important problem. Interested students are
urged to look up the literature and to write to the American
Medical Association, Chicago, Illinois, for additional material.

Those who advocate some change in the nature of medical prac-
tice point out certain difficulties, problems, and needs in our
present system. These may be briefly enumerated: (1) More
medical service is needed than is now being received, particularly
in the form of early treatment and convalescent care. (2) More
preventive services are needed, particularly immunization and
advice in dieteties. (3) Medical costs are uneven. There may be
many months without medical cost to the family and then costs
over the following few months may be financially crippling. (4)
Medicine is complex. The patient often needs the services of
specialists and of laboratories as well as those of the general prac-
titioner. (5) The geographic distribution of physicians is poor.
(6) The cost of medical education and of getting established in
medical practice is high. (7) The quality of some medical service
is low. Various cults thrive because uninformed people are will-
ing to purchase such services. In some areas specialists in the
various phases of medicine are absent. Many physicians eannot
obtain the graduate training they would like. (8) Disease rather
than health is profitable, inasmuch as the physician is paid only
when sickness ocecurs.
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It is easy to see the difficulties that arise in the present situation,
but it is not so easy to find ways to eliminate them. In general,
it is true that adequate medical service has been available to
people with means, who can afford the best medical service, and
to the very poor, who are served gratuitously by physicians and
in many localities by social agencies. The chief concern has been
the provision of medical service for the middle classes. Various
attempts have been made to meet some of the above-mentioned
problems through middle-rate hospitals, pay clinies, better medical
care for the indigent, the establishment of private office practice in
hospitals, public health nursing, trained midwives, and nursing
attendants. More pretentious plans for organizing medical service
and spreading the cost of medical eare fall under three headings:
health insurance, state medicine, and socialized medicine,

Health insurance may be of three types. (1) Direct money pay-
ment is sometimes provided through the insurance principle by
insurance companies or by fraternal or insurance societies. (2)
Medical and surgical care is sometimes provided on the insurance
principle by employers, by associations of workers, by joint pay-
ment from employers and workers, by colleges through the college
health service, by hospital insur-
ance sold to groups of individ-
uals, and by prepayment medical
care. Many plans for voluntary
health insurance or prepayment
medical earve have developed in
various states and cities in re-
cent years. Ilospital insurance
is at present more widespread
than complete medical coverage.
(3) Both money payment and

Taking the blood pressure. (Courtesy
Taylor Instrument Companies.)
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care are provided to special groups under workmen’s compensation
in this country and in the various health insurance plans of other
countries.

State medicine, the second type of approach to this problem, is
seen in Russia, where free medical service is provided for the people
at government expense in the same way that free public education
is provided in the United States. Free medical schools are pro-
vided much as our free normal schools are provided for teachers.
There is the fear in this country that professional advancement in
the practice of medicine under such a system would be by political
preference rather than by professional ability.

The third possibility is socialized medicine. In this plan medical
service, equipment, and professional education are furnished by the
state as in state medicine, but the program is operated and regu-
lated by professional groups rather than by government. Under
this system the medical profession, the medical and dental colleges,
and the public health agencies would control medical practice and
medical care.

Health Problems of the Adult.—There are more adults,
proportionately, in the population than there were a few decades
ago. In 1900 less than 20 per cent of the population was 45 years
or more of age. By 1940 the group was over 25 per cent of the
total; and it is estimated that by 1960 it will be 33 per cent.

This change has come about through a sharp reduction in the
number of infant deaths and deaths from those communicable
diseases which formerly carried away great numbers of children
and of young people. As late as 1900, tuberculosis and pneu-
monia were the two leading causes of death, with approximately
190 and 160 annual deaths, respectively, per hundred thousand
population. Heart disease was third, with a rate of 125, and
diarrhea and enteritis in children under 2 years was fourth, with
the rate of 120.

Contrast these figures with those compiled by the National Office
of Vital Statistics giving the number of deaths and the death rate
per one hundred thousand population for the twelve leading causes
in the 1,401,719 deaths for the year 1945.

A glance at the present leading causes of death reflects the
change in the age distribution of the population. They are mainly
diseases of adult life. The startling jump in the death rates from
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TWELVE LEADING CAUSES OF DEATH IN 1945

CAUSE OF DEATH NUMBER RATE
1. Heart disease 424,328 326
2. Cancer 177,464 135
3. Hemorrhage of brain 129,144 98
4. Accidents 95,918 73
5. Kidney disease (mephritis) 88,078 67
6. Pneumonia and influenza 68,386 52
7. Tuberculosis 52,916 40
8. Diabetes 35,160 27
9. Premature births 31,614 24
10. Deformities present at birth 16,187 12
11. Suicide 14,782 11
12. Syphilis 14,062 11

diseases of the heart and blood vessels and from cancer come
chiefly from having more people in these older ages where thosc
diseases occur most frequently.

The two leading causes of death not considered elsewhere, cancer
and accidents, will be briefly discussed in this chapter. To these
we would like to add some comment upon rheumatism, which,
although not an important cause of death, is a widespread and
serious disease.

Cancer.—In the normal development of the body the production
of new cells takes place in accordance with a definite pattern dur-
ing the years of growth. Then cell growth ceases, except in cer-
tain generative tissues located at specific points, or in regenera-
tive tissues occurring at the site of an injury. An uncontrolled
new growth of cells anywhere in the body is an abnormal con-
dition. The enlargement which follows such growth is called a
tumor. Tumors are classified as benign or malignant.

A benign tumor is essentially harmless, though it may produce
injury or even death if it presses upon an important organ so as
to interfere with its functioning. Examples of such interference
may occur in brain tumors; in tumors which hinder the circulation
of blood; or in tumors which invade the tissue of the ovary, pre-
venting ovulation. A benign tumor may, if irritated, become
malignant, or it may soften and degenerate until it menaces health.
Benign tumors should be examined by a physician. They are
usually removed because it is difficult to be absolutely certain of
the benign nature of a tumor. Once removed, they do not recur.

Malignant tumors grow steadily, and tend to invade and destroy
surrounding tissues and to transplant themselves through the lym-
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phatic system or blood stream to other parts of the body (metas-
tasis). They threaten life unless removed early, and they may
recur after surgical removal if any portion of the tumor remains.

Malignant tumors are named by the pathologist in accordance
with the type of tissue in which they originate. Carcinomas are
malignant tumors originating in the epithelial tissue (skin, glands,
and mucous membranes of alimentary canal, respiratory tract, or
genitourinary system), and sarcomas are those originating in con-
nective tissue (bones, tendons, fat, and fibers). The term ‘‘can-
cer’’ is commonly used by lay persons to designate any form of
malignant tumor. Cancer may affect any part of the body, but
the stomach, breast, rectum, esophagus, liver, mouth, skin, and
female genital organs are the most common sites affected.

The cause of cancer is not known. It reflects a disturbance in
normal cell mechanies, and we do not yet understand the latter.
It is known, however, that chronie irritation may be an exciting
cause. A pigmented mole that is constantly rubbed by clothing
may develop into a cancer. Cancer of the lip occurs frequently
in persons who smoke cigars or short clay pipes. Workers in
certain trades who are exposed to irritants often develop cancer
on the parts thus irritated.

It has often bcen observed that cancer seems to “run in fami-
lies,”’ and the question arises as to whether or not a predisposition
to develop cancer is hereditary. In certain strains of mice the
tendency to cancer is a persistent characteristic and is, therefore,
regarded as hereditary; in other strains cancer almost never oc-
curs. Other laboratory experimentation has demonstrated that
cancer can be induced by chronie irritation. A report has been
made of a study in which an irritant was applied to contrasting
strains of mice, with the result that while cancer was produced in
both, it occurred four times as often in the mice that were natu-
rally susceptible to cancer as in those that were not. This sug-
gests that in cancer formation in man both heredity and environ-
ment (irritants) may be concerned. The degree of constitutional
susceptibility may vary greatly in persons. Likewise, the external
conditions to which different persons are subjected may vary.
All sorts of combinations of these factors might occur, varying
from the individual with low susceptibility who does not come
into contact with irritants to the highly susceptible person who is
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constantly under adverse environmental influences. This may
account for the great variability in the appearance of cancer and
the difficulty in making generalizations regarding it.

There is no evidence that diet has any relation with the occur-
rence of cancer. While chronic irritation may induce cancer,
there is no evidence that a sudden blow or injury is sufficient to
do so. Cancer is not contagious nor is it hereditary in the sense
that it can be transmitted directly from parent to offspring
through the germ cells.

Cancer is increasing according to statistical reports. It now
ranks second as a cause of death in the United States Registration
Area. In general, cancer is a disease of late maturity rather than
of youth, since relatively few cases occur in persons under 40
years of age. The increasing percentage of the population above
this age naturally increases the cancer death rate. The fact that
more than 189,000 persons die of eancer yearly deserves attention,
especially since a considerable percentage of these deaths could be
prevented by early recognition and proper treatment.

The two most important steps in the conirol of cancer are
(1) early discovery of the disease before it has had time to spread
from the point of origin and scatter into parts of the body where
it cannot be reached, (2) complete removal of the growth by sur-
gery or its complete destruction by radiation.

The early discovery of cancer is not easy because it is almost
always painless. The earliest sign is usually a lump. If it oec-
curs on the skin, the lip, or the breast, it can be detected easily
and is most readily curable. It has been estimated that from 95
to 99 per cent of the cases of skin cancer can be cured if properly
treated.

If cancer occurs in one of the body cavities, the uterus, the
bladder, or the rectum, it may not be detected in its early stage,
but its first symptom will appear in bleeding or other abnormal
discharge. The next largest number of cures are in this group.

If the lump is located inside the body—in the stomach, the
liver, kidneys, or pancreas, it cannot be seen or felt and no visible
discharge can be detected. The patient does not become aware of
it until it has developed to the point of causing pain by nerve
involvement or of obstructing the stomach, the bile duct, or the
intestines. By this time it has usually become so thoroughly dis-
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seminated throughout the body that its removal is impossible.
This group is the least curable.

The responsibility for discovering the first signs of cancer and
bringing these to the attention of the physician rests largely with
the individual. When, through proper educational work, every-
one understands this and assumes his responsibility, the cancer
problem will be much better controlled.
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Society.)

‘When a patient has any one of the following symptoms he
should regard it with suspicion and promptly consult a physieian
for diagnosis and treatment:

1. Any sore which is slow in healing. (An open sore that resists
treatment for three weeks is a dangerous one.)

2. Any lump in the breast. (Three out of four breast lumps
are harmless, but an examination by a physician is necessary to
identify these.)
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3. Any wart, wen, or mole which shows sudden or unusual
growth,

4. Any unusual or irregular bleeding or discharge from any
body opening. (While in many instances this may be harmless, a
physician should be consulted.)

5. Persistent indigestion or difficulty in swallowing.

6. Persistent hoarseness or cough.

7. Any change in normal bowel habits.

The important thing for the person to remember is that early
cancer is curable but there is no known cure except by complete
removal or complete destruction of the abnormal tissue before
portions have spread to other parts of the body and formed new
growths. Due to this danger no cure is recognized as such until
five years have passed without recurrence of growth.

Many cancer ‘‘cures’’ have been flooding the world in recent
years. These advertised cures invariably catch the public eye,
and the uninformed person who is ignorant of the true nature of
cancer is easily misled by their unscientifiec claims. Thousands of
cancer patients and thousands of those who think they have
cancer are vietims of ‘‘special discoveries’’ and of fads and nos-
trums every year. No authentic cures of cancer have as yet been
demonstrated by the use of drugs of any kind. No success has
followed attempts to cure cancer by modifications of the diet.
No scientific evidence exists of electrical vibrations in human
tissues which can be used in the diagnosis and treatment of cancer.
In a disease in which every day of delay in proper treatment
lessens the chances of recovery, such attempted ‘‘cures’’ increase
the mortality. - The following precautionary procedures are of-
fered by the American Cancer Society to guide the pubhc

‘1. Avoid every advertised cancer cure.

““9. Be sure that the treatment advocated rests on a firm foun-
dation of scientific experimentation with animals.

““3. Be sure that the method of treatment is not the personal
monopoly of the person offering it. In other words, be sure that
no secret formula or method is used.”’

General recognition of the importance of early discovery and
treatment will do more than anything else to curb the rapidly
increasing cancer fatality.
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Accidents.—The National Safety Council gives the following
figures which indicate in round numbers the accident experience
of the United States in 1946, involving an estimated cost of
$6,400,000,000.

CLASSIFICATION PERSONS INJURED PERSONS KILLED
Home 5,100,000 33,000
Motor vehicles 1,150,000 33,500
Public (not motor) vehicles 2,100,000 17,000
Occupational 2,050,000 16,500
Total 10,400,600 100,000

Most accidents are among the adult population, 70 per cent of
them occurring in persons over 24 and 85 per cent in persons over
15 years of age. Nevertheless, from 2 to 27 years of age accidents
of all types cause more deaths than any single disease. Naturally
the age incidence varies with the type of accident. In motor
vehicle accidents, teen-age drivers have the highest accident rate.
This rate decreases to about 60 years of age, when it rises rapidly.

The largest group of accidents, home accidents, are caused by
falls, burns, explosions, poisonings, poisonous gas, mechanical
suffocation, and firearms. Motor vehicle accidents (both collision
and noncollision), although less numerous, cause about twice as
many deaths as other public accidents (including transportation
accidents and nontransportation accidents like drowning, falls, fire-
arms, and burns) and about twice as many as industrial accidents.
Industrial accidents are further discussed in Chapter XXXI).

Important as this problem is we cannot here consider the in-
numerable precautions against countless possible accidents, much
less discuss first aid, which is a skill and must be learned in a
practice situation. We do recognize safety as a life and death
matter and although we may prefer ‘‘choose your adventure’’ to
‘‘gafety first’’ as a slogan, we know that, desirable as is adventure,
needless risk is stupid. We can check the safety of environment
and equipment and use skill and science in accident prevention.

Rheumatism.—The term rheumatism is applied to several
diseases involving inflammation in musecles or joints. These in-
clude muscular rheumatism and several catagories of arthritis.
Among the latter are specific infectious arthritis (gonorrheal,
pneumococcal, or tuberculous), rheumatic fever (an acute fever
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beginning with sore throat and associated with the presence of
hemolytie streptococei), rheumatoid arthritis (with slowly pro-
gressive swelling and stiffening of joints and low ascorbic acid in
the blood plasma), and gout (with high uric acid in the blood and
chalky deposits of urates in the cartilages and the joints). This
group of diseases appears to be increasing and surveys indicate
that one person in thirty suffers from some form of rheumatism.

We do not know the cause of these diseases. Related factors
are exposure to extreme and sudden changes of temperature and
moisture, family predisposition to rheumatoid diseases, dietary
deficiency (especially vitamin C), repeated attacks of low-grade
infection, glandular disturbances, and injury to joint tissue. The
extent of the damage done to the individual depends to a large
extent upon his general health and upon his resistance to disease.

Medical attention is obviously needed in order that an early
and exact diagnosis may be made and in order that immediate
measures for the control of the disease may be instituted. The
complications which follow rheumatic fever are serious. It has been
estimated that more than 80 per cent of the heart disease found
in young adults is due to rheumatic fever.

Gerontology.—As old age approaches, the efficiency of the
various body mechanisms naturally declines. Many so-called
degenerative diseases appear, such as high blood pressure and
hardening of the arteries (see chapter on Circulation). Obesity
may add to the burden of the circulatory system. The hardening
of the arteries of the pancreas contributes to the development of
diabetes in middle age. Similarly, less efficient functioning may
oceur in kidney, glands, or central nervous system. Our knowledge
of the conditions and problems of old age constitutes the science of
gerontology and the medical specialty serving the aged is geriatrics.

With ideal heredity and perfect hygiene old age would bring
a gradual lessening of mental and physical vigor and the person’s
exit from this world would be as natural and painless as was his
entrance into it. Such an end is described in Dr. Oliver Wendell
Holmes’ classic poem ‘‘The One-Hoss Shay’’ which went to pieces

¢¢All at once, and nothing first—
¢¢Just as bubbles do when they burst.’’
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Unfortunately, as the good physician pointed out, it is rare that
all parts of the body are equally strong. Through a degenerative
disease some part fails. As he expressed it:
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‘‘Now in building of chasses I tell you what,
‘“There is always somewhere a weakest spot . . .
¢¢And that’s the reason beyond a doubt

‘¢ A chaise breaks down, but doesn’t wear out.’’
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Part 11
Community Health

CHAPTER XX
THE SCIENCE OF DISEASE PREVENTION

Thus far the diseussion in the text has been concerned with three
primary topies: the normal functioning of the body, the hygienic
conduct of daily life, and the avoidance of diseases which arise
from some derangement of the body mechanism from within—the
so-called constitutional diseases.

There is another group of diseases which we may call environ-
mental or communicable because they arise outside the body.
Such diseases are comparable to the troubles with a machine that
arise from the entrance of foreign bodies. Through preventive
medicine, sanitation, and hygiene the number of deaths from this
group of diseases is being rapidly reduced. In the body, as in the
machine, it is possible to prevent these injuries arising from with-
out while the results of wear and tear will eventually make them-
selves felt. o

Early Theories of Disease.—It is difficult to realize that our
knowledge of the cause of communicable disease does not date
back of our own Civil War and that some persons now living can
distinetly remember the days when germs were unknown. Pre-
vious to this time the world had entertained vague notions as to
the nature of these maladies, including the early conceptions of |
primitive man, the doctrines of Hippocrates, and later the doc-
trines of Sydenham.

The demonic theory of primitive man held that pain, disease, and
death were caused by evil spirits. Under such a theory ‘‘curative
medicine’’ consisted of sacrifice or some other method of placating
the evil spirits, and ‘‘preventive medicine’’ was the use of charms
or magic substances to keep the demons away.

From Hippocrates (460-359 B.c.) came the theory of the four
humors which held the essential elements of the body to be phlegm,

71



blood, yellow bile, ana
black bile, and disease
to result from the im-
proper balance between
these substances. Our
vocabulary still bears
testimony to this belief
when we speak of per-
i sons of a sanguine,
phlegmatie, or melan-
cholic (black bile) tem-
perament. The theories
of Hippocrates and his
follower Galen domi-
nated medieal thought
until the sixteenth cen-
tury.

We ecannot be de-
tained with a discussion

(Ewing Gallowsy)  of the various advances
Louis Pasteur (1822-1895). in thought between this
period and the establish-
ing of our present knowledge except to mention the work of Thomas
Sydenham (1644-1689), who asserted that ‘‘a disease is nothing
more than an effort of nature to restore the health of the patient by
the elimination of the morbific matter.”” Through his belief in a
definite substance, the maieries morbi, as the cause of the disease,
the ‘‘English Hippocrates,”’ as Sydenham has been called, fore-
shadowed the scientific recognition of infective organisms in the
classical researches of Pasteur.

Foreshadowings of the Present Theory.—Certain other scientific
developments preceded the work of Pasteur. The compound
microscope was developed about 1835. This was a necessary pre-
requisite to the study of infectious disease, as well as to the de-
velopment of cytologic and histologic knowledge. In 1837 the
Italian investigator, Bassi, discovered that a contagious disease of
silkworms, known as muscardine, was caused by a parasitic fungus,
and only two years later (1839) Schonlein showed that another
moldlike plant was the cause of favus, or honeycomb of the human
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scalp. This was our first definite information of a parasitic plant
as the cause of a human disease.

Fermentation and Disease.—It was in 1838 that Cagniard de
Latour and Schwann, in studying yeast, showed that alcoholic
fermentation is caused by a living plant. Their theory that this
plant was the real cause of the fermentation process was at first
disputed and it was only thoroughly and finally established by
Louis Pasteur (in 1857-1863) who went still further and showed
that the ‘‘diseases’’ of beer and wine (abnormal sour and bitter
tastes) were produced by micro-organisms other than ordinary
yeast. These had invaded the liquid and disturbed the usual
aleoholic fermentation by producing undesirable fermentations
of their own.

It could hardly fail to occur to any thoughtful person that if this were true
for certain diseases of wine and beer, it might well be true also for certain
diseases of animals, for if we consider step by step the course of any familiar
fermentation and then do the same for any familiar infectious disease, we
shall discover between them a remarkable similarity. For this purpose we
may take the fermentation of apple juice, or cider, and smallpox. . . .*

FERMENTATION AN INFECTIOUS DISEASE
(Apple juice) (Smallpox)

1. Exposure of the juice to air, dust, | 1. Exposure of the patient to infee-
ete. tion.

2. Repose and then slow change. . Incubation. (Slow and insidious
(Growth of the ferment.) progress of the disease.)

3. Active fermentation or ¢‘work- | 3. Active disease. Eruption, disturb-
ing.’”’ [Evolution of gas bub- ance of the usual functions.
bles, change of sugar to alecohol. Rise of temperature or fever.
Rise of temperature.

4. Gradual cessation of fermentation. . Slow convalescence (or death).

5. No further liability to alcoholic . Immunity to smallpox.
fermentation.

Pasteur.—After Pasteur had finished his important studies on
the nature of fermentation in wine and beer, thereby opening for
himself a broad and alluring field for further research, the French
government urged him to undertake the study of a disease of silk-
worms. This disease not only was causing an annual loss of
100,000,000 franes in France but also was spreading rapidly to
other countries, so that it threatened the existence of the silk

*From Sedgwick: Principles of Sanitary Science and Public Heqlth,
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industry in all parts of the world. During the years 1865-1868
Pasteur proved this disease (pébrine) to be caused by a particu-
lar germ which could be grown by itself in suitable liquid. He
also devised a method by which the eggs could be hatched and
the silkworms could be raised without becoming infected with
this disease. The foundations for the science of bacteriology and
the germ theory of disease were thus securely laid. Pasteur ex-
tended his studies to diseases of the domestic animals and of man.

Lister.—Development from this point’ was rapid. Sir Joseph
Lister, reflecting upon the significance of the investigations of
Pasteur, concluded that many wound diseases were probably in-
fectious and set to work to establish his thesis by the use of anti-
septic sprays and dressings. Lister’s use of antiseptic substances
paved the way for the modern practice of sanitary, or aseptic,
surgery.

Koch and the Development of Bacteriology.—Then came the
startling work of Robert Koch. It was he who firmly estab-
lished the science of bacteriology by his researches on anthrax
and other diseases and by the adaptation of solid culture media,
prepared from gelatin substances, on which bacteria could be
readily grown and isolated. In his work with anthrax, or splenic
fever, a disease then very common among cattle and sheep, and
occasionally attacking human beings, he found, as others had
already observed, that there were minute or microscopic rods in
the blood of animals which had died from this disease. He re-
moved these minute plants from the tissues and planted them in
the clear liquid which constituted the aqueous humor of the ox’s
eye. The organisms grew in this liquid from which minute quan-
tities were introduced into fresh aqueous humor several times in
succession until only the remote descendants of the plants first
used were left. When these were introduced into healthy animals,
they produced typical anthrax. In other words, the chain of
proof had been made complete. A specific germ had been found
in animals having a particular disease, it had been isolated and
grown by itself in pure cultures, it had been introduced into
healthy animals where it produced disease and the death of the
animal, after which it had been recovered from the tissues, These
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four steps are known as Koch’s rules for identifying the cause
of a disease.

From such beginnings has, developed the science of bacteriol-
ogy. It has many applications today in industry (dairying, farm-
ing, and food preservation). in public health, and in medical
practice.

MICROCOCCI

Staphylococci Streptococci Diplococci

BACILL SPIRILLA

\

Usual Form Bacilli with Spores

Common types of bacteria.

Characteristics of Bacteria. DBacteria are microscopic single-
celled organisms, comprising one of the lowest forms of vegetable
life. In shape most species are spherical (coccus), eylindrie (baeil-
lus), or spiral (spirillum). They are so small that their size is
expressed in microns (thousandths of a millimeter). They vary
greatly in size, some forms being 0.5 micron in length, others being
40 microns.

Bacteria are widely distributed over the earth’s surface where
they play an important role. The chemical changes known as
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putrefaction (in which proteins are split into simpler substances)
and fermentations (in which earbon compounds are broken up)
are due to the action of bacteria. These processes are useful in
nature in preventing the accumulation of useless organic material.

While bacteria are widely scattered, they are not capable of
growing everywhere. Proper nourishment, moisture, oxygen,
temperature, and the absence of direet sunlicht and retarding
chemicals are essential to their growth. With few exceptions,
they must have food in the form of complex organic compounds.
Some bacteria are saprophytie, living on lifeless organic matter;
others are parasitie, thriving in the living tissues of plants or ani-
mals. The latter are the pathogenic bacteria that produce disease.

Water is essential to the growth of bacteria. This fact is the
basis for the preservation of foods by drying. Oxygen is also
essential to bacterial life, though some bacteria (aerobic) must
secure it directly as oxygen while others (anaerobic) obtain their
supply from some compound, such as sugar, which is rich in
oxygen.

With each species of bacteria there is one temperature, the
optimum, that is most favorable to growth. Within a varying
range above and below are found the maximum and minimum
temperatures at which growth can continue. For the majority of
bacteria the optimum temperature lies between 25° and 30° C.
(75° to 85° F\.), although pathogenic bacteria thrive best at body
temperature, 37° C. (98.6° I*.). The thermal death point of baec-
teria which do not produce spores is usually between 65° and
70° C. (148° to 158° F.). This has important applications in the
process of disinfecting. Low temperatures do not kill bacteria so
easily. They are usually fairly resistant to freezing.

Bacteria thrive best in the dark or in diffused daylight. When
conditions are favorable for growth, they multiply rapidly by a
process of simple cell division. Under some conditions this may
oceur as often as once every twenty minutes. The process of
division is not unlimited, however, because the accumulation of
waste substances from the bacteria and the disintegration prod-
ucts of the food in surrounding media eventually act as inhibitory
factors.



Filtrable to-
bacco mosaic
virus, photo-
graphed
through the
electron micro-
scope (x
39,000). (From
Stanley and
Anderson: J.
Biol. Chem,
139: 325,
1941,)
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The electron microscope.
(Courtesy RCA Manufac-
turing Co.)
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Some bacteria have the ability to form spores when the environ-
ment becomes unfavorable. These spores are resistant to heat,
to drying, and to chemicals. Although spore formation is not
very common among bacteria, it is a factor which must be taken
into account in sterilizing substances.

Transferring a pure culture of bacteria from a culture plate.

How Bacteria Are Studied. As has been stated, the construction
of the microscope was the first step in making the recognition of
bacteria possible. The development of a special technie for the
detailed study of these colorless, almost transparent, cells was
essential before progress could be made. This technic includes
the use of stains to render the bacteria more readily visible, and
the use of suitable culture media in which organisms can be iso-
lated and grown in the laboratory. As we have seen, Robert Koch
was responsible for overcoming most of the difficulties involved.
The method he developed for killing, fixing, and staining bacteria
is still in use today.

One of the greatest contributions Koch made in the study of
bacteria was his method of preparing pure cultures. It requires
the preparation of a liquid food medium to which a solidifying
agent, such as gelatin or agar-agar, is added. This is sterilized
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by heat, cooled to a considerable degree, and inoculated with a
small quantity of the material to be studied. After thorough
mixing, the liquid is poured in a thin layer into a sterilized glass
plate and covered. The bacteria are thus distributed over a rela-
tively large area, and as the liquid solidifies each bacterium is
fixed in place and is unable to move throughout the medium. As
each bacterium multiplies it produces a visible mass of cells, known
as a colony, composed of only one kind of bacteria. By means of a
sterile needle a portion of the colony can be transferred to a sterile
tube of culture media. This tube develops a pure culture of
bacteria.

Progress Due to Bacteriology.—The adoption of the foregoing
methods of laboratory study and the use of Koch’s four rules for
identifying the cause of a disease were followed by the discovery
of the bacillus of tuberculosis in 1882, the discovery of cholera
vibrio in 1883, the bacilli of diphtheria and of tetanus (lockjaw)
in 1884. Within fifteen years after Koch’s technic had been per-
fected, the causative organisms of most diseases which are now
known to be of bacterial origin were discovered. It should be
remembered that diseases are caused by a variety of mieroseopic
organisms, including not only bacteria and filtrable viruses, but
also fungi or moldlike plants, and animal parasites, such as those
causing malaria, amebie dysentery, and trichinosis.

The contribution of bacteriology to the control of disease, how-
ever, does not stop with the identification of the causative organ-
isms. Careful study and experimentation with these causative
agents reveal facts that are useful in preventing the dissemina-
tion of disease germs and their entrance into the body. Bae-
teriologic research also has aided in the development of methods
of producing artificial immunity for certain diseases.

Viruses.—In the 1890’s it was discovered that the mosaic dis-
ease of tobacco and the foot and mouth disease of cattle were due
to agents apparently living but too small to be seen under the
microscope and small enough to pass through porcelain filters
which hold back bacteria. Since 1900 many diseases of man and
other animals have been shown to be due to filtrable viruses, in-
cluding smallpox, common cold, influenza, poliomyelitis, measles,
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mumps, chicken pox, shingles, psittacosis, rabies, yellow fever, and
dengue fever. In 1915 a similar agent was discovered which
destroys bacterial cells. It was called bacteriophage and may be
regarded as a virus disease of bacteria. No virus has as yet been
cultivated in the absence of living cells.

Smallpox on seventh day of eruption. (After Sutton and Sutton.)

PREVENTING DISEASE

From our growing knowledge of disease-producing organisms
there arose three phases of the science of discase prevention:
namely, preventive medicine, preventive sanitation, and preven-
tive hygiene. Let us examine the origin and nature of each.

Preventive Medicine

The term ‘‘preventive medicine’’ is sometimes used to include
all public health activities. More specifically, it may be properly
limited to those processes by which the individual is so treated
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as to become immune to particular diseases, in other words, the
treatment of the individual to prevent disease. We look upon
Pasteur as the founder of this science. In beginning his studies
on immunity Pasteur had before him the example of smallpox
vaccination which had been developed and successfully applied
without knowledge of the germ theory of disease. Let us briefly
review this story.

Smallpox and Vaccination.—As early as 1717 Lady Mary Wort-
ley Montagu, the wife of the British ambassador at Constanti-
nople, wrote to friends at home of the Turkish custom of ‘‘in-
oculating’’ against smallpox. In this inoculation some ‘‘matter’’
obtained from the pustule of a smallpox patient was introduced
under the skin of a healthy person. Such an individual, by choos-
ing inoculation when he was in good physical health, and by
taking good care of himself from the onset of the disease usually
had a mild attack and was immune thereafter. The general adop-
tion throughout Europe of this strenuous method of securing immu-
nity speaks for the horror with which the disease was regarded. Pre-
vious to that time smallpox was the great scourge and destroyer
of mankind, hardly one person in a thousand escaped it, and so
common was it that nearly everyone contracted the disease during
childhood, so that it was regarded as a children’s disease.

Then came the wonderful diseovery of vaceine by Edward Jenner
in 1796. Jenner had been impressed as a medical student by the
remark of a patient, a dairymaid, who said, ‘‘I ecannot take small-
pox because I have had cowpox.”’ Testing this belief in his clas-
sical experiments, Jenner transferred the vaccine virus from the
eruption upon the hand of Sarah Nelms, a dairymaid who had
contracted cowpox from her master’s cow by infection through
a seratch in the hand, to the arm of James Phipps, a boy about 8
years old. This successful vaccination was followed by exposures
which showed James to be immune to smallpox.

By vaccination this great scourge has been practically elim-
inated. Indeed, so rare has it become, that even sensible,
though unthinking, persons forget the horror of the disease and give
ear to those who oppose vaceination, in spite of the fact that vac-
cination is now under almost perfect control and is the only sure
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cow. This suggested
that disease germs might be weakened by heat, cold, dilution, or
starvation. Pasteur actually produced less virulent or ‘‘attenu-
ated’’ cultures of anthrax and chicken cholera by these means.

The story of Pasteur’s dramatic public demonstration of the
practicability of vaccinating animals against anthrax, or splenic
fever, is one of the most interesting in the history of science.
Here he showed that animals which had been vaccinated with
attenuated cultures of the bacillus were not subject to the dis-
ease after inoculation with virulent germs, while animals which
had not previously received such a vaccination and had been in-
oculated with the same virulent germs died as a result of the
disease.

The experiments began on May 5, 1881, at four kilometera’ distance from
Melun, on a farm of the commune of Pouilly-le-Fort, belonging to & veterinary
doctor, M. Rossignol, Secretary-General of the Society of Melun. At the
desire of the Society of Agriculture, a goat had been substituted for one of
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the twenty-five sheep of each lot. On the 5th of May they inoculated, by
means of the little syringe of Pravaz—that which is used in all hypodermic in-
jections—twenty-four sheep, the goat and six cows, with five drops of an
attenuated splenic virus.

On May 31 very virulent inoculation was effected. Veterinary doctors, in-
quisitive people, and agriculturists formed a crowd around this little flock.
The thirty-one vaccinated subjects awaiting the terrible trial stood side by
side with the twenty-four sheep, the goat, and the four cows, which awaited
also their turn of virulent inoculation. Upon the proposal of a veterinary
doctor, which disguised his scepticism under the expressed desire to render
the trial more comparative, they inoculated alternately a vaccinated and a non-
vaccinated animal. A meeting was then arranged by Pasteur and all other per-
sons present for Thursday, June 2, thus allowing an interval of forty-eight
hours after the virulent inoculation.

More than two hundred persons met that day at Melun. The Prefect of
Seine-et-Marne, M. Patinot, senators, general counsellors, journalists, a great
number of doctors, of veterinary surgeons and farmers, those who believed and
those who doubted came, impatient for the result. On their arrival at the farm
of Pouilly-le-Fort, they could not repress a shout of admiration. Out of the
twenty-four sheep which had not been vaccinated, twenty-one were dead; the
nonvaccinated goat was also dead; two other sheep were dying, and the last
was certain to die that very evening. The nonvaccinated cows all had
voluminous swellings at the point of inoculation, behind the shoulder. The
fever was intense, and they had no longer strength to eat. The vaccinated
sheep were in full health and gayety. The vaccinated cows showed no tumor;
they had not even suffered an elevation of temperature, and they continued
to eat quietly.—Radot.*

Later Pasteur evolved a preventive treatment for rabies, a dis-
ease in which the causative germ (a filtrable virus) was not
known. In the ‘‘Pasteur treatment’’ for rabies spinal cords
which were known to contain the germs of the disease were re-
moved from infected rabbits and the strength of the virus was
reduced by extended periods of drying. Then the treatment was
begun by introducing into a patient, who had been bitten by a
rabid dog, an emulsion made from spinal cord which had been
drying for two weeks. On the following days the emulsion was
made up from fresher and fresher spinal cord until that which
had been dried only two days was administered. If administered
first this would have produced rabies and death. The story of
the first application of this treatment to a human subjeet in the
successful treatment which Pasteur gave to the Alsatian boy,
Joseph Meister, is of absorbing interest. (See Life of Pasteur

*Louis Pasteur: His Life and Labors. Bg' his son-in-law. From the
French by Lady Claud Hamilton, New York, 1885, D. Appleton & Co.
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previously quoted.) Now treatment is made by the Semple
method, using a carbolized fixed virus, administered in fourteen
divided doses, one treatment being given daily.

Diphtheria and Antitoxin.—Diphtheria is a disease of special
historic interest. Its conquest well illustrates the principles of
preventive medicine, and our mastery of it is so complete that it
is nearly eliminated.

A definite poison (toxin) is secreted by the germ just as alcobol
is secreted as a metabolic product of the yeast cell. This toxin
is extremely poisonous to the cells of the body.

In 1892 Berhing and Kitasato discovered that the blood of an
animal that had been made immune to the toxin of diphtheria was
able to neutralize or to render harmless the toxin of the disease,
while the serum of a nonimmunized animal could not. It was
found possible to secure antitoxin from the blood of horses which
had been immunized by injecting small and increasingly larger
doses of toxin. When introduced into the body of the patient,
antitoxin neutralizes the toxins produced by the diphtheria
bacillus; and, if given early enough, it is a sure cure for the
disease.

In 1913 Béla Schick devised a test by which it is possible to dis-
cover whether or not a person has diphtheria antitoxin in his
blood. A small amount of diluted toxin is injected into the outer
skin. If the individual’s blood contains antitoxin, the toxin is
neutralized, and the test is negative. If the blood contains no
antitoxin, which means that the person is susceptible to the dis-
ease, the small amount of toxin sets up a slight loeal irritation,
and the appearance of a small red spot constitutes a positive test.
Although persons vary markedly in susceptibility, the great ma-
jority of adults have been found to be immune. They have manu-
factured their own diphtheria antitoxin.

Mothers transmit some antitoxin from their own blood to infants,
through the placental circulation before birth and through mothers’
milk after birth. This antitoxin is soon thrown off in the dis-
charges from the body of the infant. A similar situation occurs
when antitoxin is injected into the body of an older person to
prevent diphtheria. The person is made immune for a time, but
the immunity does not last long.

It is now possible to produce a somewhat lasting immunity
against diphtheria by injecting toxoid (toxin modified by the addi-
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tion of formalin) which acts upon the cells of the body and causes
them to produce their own antitoxin.

Use of Specific Chemical Substances in Fighting Germ Dis-
eases.—We have seen that it is possible for the body of man and
other animals to produce antibodies, such as antitoxin, which ean
kill the germs of disease, but which are harmless to the tissues of
the human body. To some extent we have discovered chemical
substances produced outside the body that possess similar abil-
ities. Quinine is such a substance. It kills the malarial parasite
in the blood of the patient and helps to prevent persons who are
constantly exposed to the infection from contracting the disease.

The more recent discovery of the effective bactericidal action of
various sulfa drugs, including sulfanilamide, sulfadiazine, sulfa-
pyridine, and sulfathiazole, in the human body has enabled physi-
cians to reduce the number of deaths from meningococcus men-
ingitis and from certain streptococcus infections to a fraction of
the former figure. These drugs have been used with highly sue-
cessful results in the treatment of many different communicable
diseases, including such serious maladies as pneumonia and gon-
orrhea. Sulfa drugs are used in treatment rather than in preven-
tion, although experiments in the disease prevention possibilities
of the drugs are under way. The exact behavior of these drugs is
not yet clear.

Other new antibacterial chemical substances, the antibiotics,
are of biologic origin. The best known is penicillin, discov-
ered by Alexander Ileming, in 1929. He observed that sub-
stances produced by a mold (Penicillium notatum) checked the
growth of a culture of staphylococei. The therapeutie possibilities
of penicillin were not appreciated until the work of the Oxford
chemists in 1940. It is used extensively in the treatment of pneu-
monia, meningitis, scarlet fever, Vincent’s angina, and the
venereal discases. (Gramicidin (from the soil hacillus, Bacillus
brevis) and streptomycin (from Aclinomyces griseus) are other
well-known substances in the group of antibioties. These sub-
stances, like the sulphur drugs, should be used only on physician’s
preseription, not in self-medication.

‘We may anticipate the future development or discovery of an in-
creasing number of substances that will be tolerated by the body
tissues but which will be so toxic to particular microorganisms as to
aid materially in curing or preventing diseases.
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Further consideration of the subject of immunity is presented
in Chapter XXI.
Preventive Sanitation

The knowledge that diseases are produced by germs and that
the spread of disease is due to the infection of the healthy indi-
vidual with these living germs makes it clear that for self-protec-
tion society must prevent the voiding of germs by diseased per-

Risc e

\

W=

Sl
SAVA\Z. :

.

ASIATIC CHOLERA

AND
THE BROAD STREET PUMP
LONDON 1854.

™
2
@ @LOCATION OF PUMPS. : Q
« + LOCATION OF FATAL CHOLERA CASES. Q Q

|~ —-BOUNDARY OF EQUAL DISTANCES BETWEE

5
BROAD STREET PUMP AND 3160 .
OTHER FUMPS. b
(AFTER THE ORIGINAL MAP BY \\l»;o
DR. JOHN SNOW.) '4’1«‘5 (\
TN\ VAN

Cholera deaths in the epidemic of the Broad Street Well.

sons where they will be picked up by others. Even before the
germ theory of disease was established, there was a belief among
experts that specific poisons capable of producing cholera and
typhoid fever are contained in the discharges from the bowels of
persons suffering from the disease.

The Epidemic of the Broad Street Well.—One of the foundation
stones for this belief was laid in 1854 by the excellent work of
Dr. John Snow, of London. Dr. Snow investigated an epidemic
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of Asiatic cholera, which was traced to the water of the Broad
Street Well. Inasmuch as this study was the beginning of the
science of epidemiology it is discussed briefly.

During the epidemic the death rate in St. James Parish was far
higher than that for any other district. Moreover, the deaths
were unequally distributed and had nearly all taken place in the
vicinity of Broad Street. It appeared, therefore, that there must
be involved a factor other than the usually accredited causes of
epidemics, such as meteorologic conditions, the general impurity of
the air, the nature of the soil, and the density of the population.
From the beginning of the outbreak Dr. Snow had recorded the
number and location of fatal cases. He found that eighty-three
deaths took place during three days, beginning with August 31.
To quote from his report:

On proceeding to the spot I found that nearly all the deaths had taken
place within a short distance of the pump in Broad Street. There were only
ten (10) deaths in houses situated directly nearer to another street pump. In
five (5) of these cases the families of deceased persons told me they always
sent to the pump in Broad Street, as they preferred the water to that of the
pump which was nearer. In three other cases the deceased were children who
went to school near the pump in Broad Street. Two of them were known to
have drunk the water, and the parents of the third think it probable that it did
80. The other two deaths beyond the district which the pump supplies represent
only the amount of mortality from cholera that was occurring before the
eruption took place.

With regard to the 73 deaths occurring in the locality belonging, as it
were, to the pump, there were 61 instances in which I was informed that the
deceased persons used to drink water from the pump in Broad Street, either
constantly or occasionally. In six (6) instances I could get no information,
owing to the death or the departure of every one connected with the deceased
individuals; and in six (6) cases I was informed that the deceased persons did
not drink the pump water before their illness.

The result of the inquiry consequently was that there had been no particular
outbreak or increase of cholera in this part of London, except among the
persons who were in the habit of drinking the water of the above-mentioned
pump well.

I had an interview with the Board of Guardians of St. James Parish
on the evening of Thursday, 7th of September, and represented the above
circumstances to them. In consequence of what I said the handle of the
pump was removed on the following day.

Among the unusual cases that added confirmation to this belief,
Dr. Snow describes two, as follows: . -

A gentleman in delicate health was sent for from Brighton to see his brother
at No. 6 Poland Street, who was attacked with cholera and died in twelve
hours, on the first of September. The gentleman arrived after his brother’s
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death and did not see the body. He only stayed about twenty minutes in the
house, where he took a hasty and scanty luncheon of rump steak, taking with
it a small tumbler of cold brandy-and-water, the water being from the Broad
Street pump. He went to Pentonville and was attacked with cholera on the
evening of the following day, September the 2nd, and died the next evening.

The deaths of Mrs. E— and her niece, who drank the water from Broad
Street at the West End, Hampstead, deserve especially to be noticed. I was
informed by Mrs. E—’s son that his mother had not been in the neighborhood
of Broad Street for many months. A cart went from Broad Street to West
End every day, and it was the custom to take out a large bottle of the water
from the pump in Broad Street, as she preferred it. The water was taken
out on Thursday, the 31st of August, and she drank of it in the evening and
also on Friday. She was seized with cholera on the evening of the latter day,
and died on Saturday. A niece who was on a visit to this lady also drank of
the water; she returned to her residence, a high and healthy part of Islington,
was attacked with cholera, and died also. There was no cholera at this time,
either at East End or in the neighborhood where the niece died. Besides these
two persons only one servant partook of the water at West End, Hampstead,
and she did not suffer, or, at least, not severely. She had diarrhea.

The investigation was further continued by the Rev. H. White-
head, who studied the cause of the sudden pollution of the Broad
Street Well which he believed must have been the cause of the
epidemic discussed. He found that in house No. 40 Broad Street
there had been not only four fatal cholera cases at the time of the
epidemic but also earlier cases of an obscure nature which were
probably cholera, and that the dejecta from these had been
thrown into a cesspool near the well. The walls of the cesspool
were in a leaky condition, and the removal of the soil showed
that there had been a direct drainage from the cesspool into the
well. Apparently the water had been long polluted, but it re-
quired a specific infection from a person discharging cholera
germs from his digestive tract to produce the outbreak of Asiatic
cholera.

Thus water-borne disease was known to exist before it was
known that the disease was produced by germs. It was believed
that filth caused certain diseases because it produced, harbored,
and developed poisons instead of furnishing, as we now know to
be the case, a temporary abode for the germs which had been
thrown off from the body of a person infected with the disease.

‘We might describe other epidemics of intestinal disease that
have been traced to polluted water before and after the discovery
of the germs of these diseases. To this we could add the story of
scores of epidemics of typhoid fever, scarlet fever, and diphtheria,
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which have been traced to unpasteurized milk, and the various
other methods of infection by means of food or some other inter-
mediate substance.

The knowledge of germs as the cause of disease, their viability
in water, milk, infected oysters, and other foods, and the methods
by which they may be destroyed, has made it possible to develop
scientific means of sewage disposal, water purification, and the
protection of food materials. The practical details of preventive
sanitation in these various fields will be later considered.

Preventive Hygiene

Preventive hygiene or the conduct of persons in such a way as
to avoid infection and communicable disease is based upon our
knowledge of both preventive medicine and preventive sanitation.
Our habits are now influenced by our knowledge of the germs of
particular diseases, their mode of life, and the manner in which
they may be transferred, so that in our daily activities we avoid
opportunities for infection. Promiscuous kissing, the use of com-
mon drinking cups, and the eating of food prepared and served
by persons with unclean habits whose freedom from infectious
disease cannot be vouched for, and many other unhygienic habits
are automatically condemned by our knowledge of germ diseases.

‘We must also consider resistance. Pasteur demonstrated that the
outecome of the battle between man and the microbe may be de-
termined by weakening or attenuating the latter or by building
up a specific resistance of the human body. Dr. Theobald Smith
has spoken of disease in terms of the formula D -—Niv; when
D = the disease; N = the number of organisms in the initial
infection; V the virulence of the germs; and R = the re-
sistance of the individual.

This resistance in many diseases depends upon a specific im-
mune substance, but in other diseases, like tuberculosis, the re-
sistance may be related to the bodily vigor and the general health
of the person. Thus personal hygiene, which assists in building
up a strong and healthy body, is also important in preventing or
minimizing certain diseases.

Because preventive hygiene for the prevention of disease and
personal hygiene for the promotion of positive health are both
based upon the application of health knowledge by the individual,
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organized health education in the school and in the community
has now become an important factor in the promotion of public
health. The first health education fellowship in a school of educa-
tion was awarded in 1920 for study at Teachers College, Columbia
University. The first program of graduate training in health
education to be established in a school of publiec health was offered
in 1921 in the school conducted jointly by Harvard University
and the Massachusetts Institute of Technology. Several accredited
programs for the professional education of health educators have
now been set up; techniques and skills have been highly developed ;
and health departments, school systems, and private health
agencies have added health educators to their staffs.

Summary.—We have seen the origin of three united sciences in
our study of disease prevention. .

Preventive medicine goes back to the experiments of Pasteur in
producing immunity to a specific disease. It includes all the more
recent developments of this science by the use of specifiec vaccines,
antitoxins, viruses, and drugs to assist the person to ward off or
withstand infectious diseases. Preventive sanitation uses our
knowledge of disease causation and prevents the spread of infee-
tion from the sick to the healthy through quarantine, the super-
vision of water, milk, and other food supplies, the purification of
sewage, and the prevention of other conditions which would make
it possible for live germs to reach and infect healthy persons.
Preventive hygiene recognizes the infectious agents of disease and
preseribes such courses of individual conduect as are best calculated
to avoid personal infection. Health education is concerned with
preventive hygiene as well as with the broader problems of positive
health. These sciences, together with the art and science of cura-
tive medicine serve mankind.
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CHAPTER XXl
ESSENTIAL FACTS OF IMMUNITY

Why can certain bacteria grow in the human body but not in
the bodies of lower animals? Why do the lower animals have
certain diseases to which man is immune? Why do the parasites of
certain diseases attack particular parts of the body? Why does
one who has had certain diseases become immune to them there-
after? Ilow does nature fight the disease? What is the explana-
tion of the protection furnished by vaccination? How is immunity
explained ?

It is easier to understand the presence of an immunity than the
process by which it is secured. The science of immunology is the
foundation of the art of preventive medicine, and a brief state-
ment of the essential facts of this rapidly developing science has
a place in any extended discussion of hygiene.

Immunity Defined.—Immunity is the power of the organism to
resist infection. It is opposite in meaning to the word suscep-
tibility and both these words are relative terms. Immunity may
be complete, or it may be so weak as to be hardly appreciable.
In many instances we use the term resistance as equivalent to
immunity.

Another variable quantity, that is always related to the immu-
nity of the patient, is the virulence of the disease-producing or-
ganism. Virulent means poisonous or deadly. The different
strains of germs vary in their virulence or ability to injure the
body just as persons vary in their powers of resistance.

We may illustrate immunity with an analogy from interna-
tional experience. It is not very difficult for us to conceive of a
nation thirsting for world power and opposed to the welfare of
the great body of humanity outside it. The people of such a
country may represent the germs of a disease and the great body
of humanity, the person subject to the disease. The inhabitants
of such a nation usually appear innocent enough and, like the
germs of disease, quite similar to their harmless neighbors. There
finally arises an opportunity for the invasion of other lands, and
these people make war upon the rest of the world just as the
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germs enter into a struggle with the human body. If they are
successful, the life of the invaded nations comes to an end; if they
are not successful, they are eliminated from the territory they
have overrun and their armies are reduced in strength.

The other peoples of the world, if they are wise enough to
realize the danger of this lust for world conquest, will set up bar-
riers against the return of a world war; and if these barriers are
strong enough, future recurrences may be avoided. These bar-
riers, like the factors of immunity, are varied, numerous, and
complex. They may consist of a new army to combat the de-
structive forces of the enemy, of military barriers set up against
the entrance of the foe, or a general readiness of the peoples to
respond immediately to a threat of a new attack. Likewise, the
human body when attacked by the germs of disease may create
new defensive substances which remain in the blood, the tissues
subject to microbial invasion may become more resistant to the
particular organism, or the whole bodily reaction may be more
prompt and effective at a second attack.

Our knowledge of immunity comes from the observation of dis-
eases, from experimental biology, and from certain fields of chem-
istry. We are not yet able to state the exact chemical reactions
in immunity and disease, and we must expand the science by a
study of the reactions of experimental animals.

RESISTANCE

The important factors in breaking down general resistance or
general vitality are the following :

1. Fatigue.—It has been found that white rats are more sus-
ceptible to anthrax after being worked in a revolving cage; and
it has also been found that the defensive powers of dogs, rabbits,
and guinea pigs against typhoid are reduced by excessive exer-
cise. Studies indicate that a person may be made transiently sus-
ceptible to common cold by fatigue. It is hard to explain how
fatigue produces these results.

2. Exposure to Wet and Cold.—Exposure to wet and cold re-
duces the power of resistance to disease, as has been demonstrated
in the case of fowls which are naturally immune to anthrax but
contract the disease after standing for some time in cold water.
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We know that such exposure cools the blood and must, therefore,
reduce the activity of the leucocytes. It may also reduce the
production of defensive substances in the body: This relationship
to temperature explains how muscular exercise reduces the dan-
ger of diseases under exposure to cold and wet by keeping up the
body temperature. Sudden exposure to dampness and cold, espe-
cially if the individual has reduced the efficiency of the heat-
regulating system of the body produces a lowered resistance.

3. Alcohol.—The use of alcohol is known to increase suscepti-
bility to tuberculosis and to reduce the chances of recovery from
some of the other communicable diseases. The factors involved
may be the lowering of temperature, the destruction of delicate
defensive substances in the body, and the inhibition of leucocyte
activity.

4, Malnutrition.—Insufficient or unsuitable food accelerates tu-
berculosis. We have seen that lack of sufficient vitamin A in the
diet lowers the health of the mucous membranes and renders them
more susceptible to infection. Diets inadequate in protein interfere
with antibody formation and may predispose to bacterial infection.
Our growing knowledge of nutrition indicates a greater relation-
ship between malnutrition and resistance than has hitherto been
realized.

5. Focal Infections.—Bacteria growing at the roots of teeth or
in chronieally inflamed tonsils are producing poisons which eon-
tinually tax the protective powers of the body and may make it
casier Tor other infective organisms to enter and produce disease.

6. Physical Defects.—Enlarged tonsils and adenoids reduce the
body vigor by their injurious effect upon breathing and nutrition.

IMMUNITY

Immunity exists when certain substances (immune bodies or
antibodies) are present in the blood to prevent or retard the de-
velopment of the disease in question. It may be innate or ac-
quired. Acquired immunity may be active or passive. Immunity
is sometimes divided into two further categories: general and
local. There is not a great deal of evidence for the existence of
local or tissue immunity. In addition to the presence of anti-
bodies, some alteration in tissues may be involved in immunity.
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Natural Immunity.—Natural immunity is the power to resist
infection under normal conditions. Such resistance to a specific
disease may be racial, species, or individual. Little is known of
the mechanisms involved.

Some species of animals are immune to many communicable
diseases of man, such as cholera, typhoid fever, mumps, measles,
scarlet fever, yellow fever, malaria, and leprosy. Man is immune
to many diseases that attack lower animals. This is species im-
munity. Certain germs, however, attack several, though not all,
species of widely different genera. These germs include the
organisms of tetanus, malignant edema, anthrax, pus formation,
glanders, plague, rabies, Malta fever, foot-and-mouth disease, ring-
worm, and paratyphoid fever. Races and individuals also differ
widely in susceptibility to individual diseases.

Acquired Immunity.—Immunity which is aequired may be
either active or passive. Active immunity is resistance to disease
produced as the result of the body’s own efforts. Substances called
antigens stimulate the body to produce protective substances, called
antibodies. A person may develop active immunity by having the
disease or by the injection of an antigen, of which there are three
types. In smallpox vaccination the antigen is the living attenuated
organism. In typhoid immunization the antigen is a vaccine made
of the killed organisms of the disease. In diphtheria immuniza-
tion a modified foxin is used to stimulate the production of anti-
bodies.

Sometimes sensitized vaccines are produced by mixing the
bacteria with the specific antibodies from the blood serum of an
animal that has been made immune. Polyvalent vaccines are made
up from several strains of the same organism. Mixed vaccines,
containing the dead baecilli of two or more diseases, like typhoid,
paratyphoid, and cholera, are sometimes used.

In passive immunity the protective substance (antibodies) is
artificially transmitted to the person by injection or is trans-
ferred from mother to offspring through the placenta. The pro-
duction of immunity to diphtheria by means of antitoxin is an
example. The horse from which antitoxin is secured is rendered
immune to the disease by the injection of increasing doses of
diphtheria toxin, and its immunity is active. The patient may be
made temporarily immune by the injection of immune substances
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from the blood serum of the horse. This immunity is passive or
transferred and is of brief duration. (Diphtheria antitoxin is
ordinarily used in the treatment of the disease, but it is sometimes
used to confer a temporary, passive immunity upon a susceptible
person who is known to have been infected with the diphtheria
bacillus.)

The infant at birth usually has a passive immunity to diph-
theria, because antitoxin from the blood of the mother has passed
through the placental membrane into the blood of the fetus. This
immunity lasts only a few months.
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Carriers.—Usually after a disease the body rids itself entirely of
the germs. Occasionally, however, this does not happen and a
condition of mutual tolerance is set up. This ‘‘immunity without
disinfection’’ is a condition in which the patient continues to be
a carrier of the germs without showing evidence of disease. The
patient and the infective organism have acquired the ability to
tolerate each other, and the reaction of each has apparently be-
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come milder. Carriers of diphtheria, typhoid, cholera, meningo-
coccus meningitis, malaria, amebic dysentery, and poliomyelitis are
known to exist. Many epidemies have been traced to such carriers.
In some instances, a lowcred vitality of the carrier may result
in a recurrence of active disease in the individual himself.

Disease Reactions.—Just as different plants grow best in dif-
ferent soils, select somewhat different foods, and produce different
products, so the germs of disease vary in the part of the body
they attack and differ in their life processes as well as in the
effects they produce upon the individual. The actions and reac-
tions between the various microbes and man are numerous and
complex. They have such an important bearing upon our com-
prehension of disease and the terms are so rapidly finding a place
in our everyday vocabulary that a brief description of the termi-
nology and phenomena may be useful.

Toxing.—There are two types of bacterial poisons or toxins,
exotoxins and endotoxins.

Ezxotoxins.—The true toxins, exotoxins, are poisonous substances
of bacterial origin. They are apparently proteins, and are usually
thermolabile and unstable. Exotoxins are antigenie, i.e., they
stimulate the production of antibodies. Since these antibodies
neutralize toxins, they are called antitoxins. Causative organisms
that produce exotoxins include those of diphtheria, tetanus, scar-
let fever, and botulism. Certain plant poisons, such as ricin from
the castor bean and abrin from the jequirity bean, and animal
poisons, such as the venoms produced by wasps, scorpions, spiders,
and snakes, are usually included in the study of toxins because
their behavior resembles that of bacterial toxins.

Endotoxins.—Certain bacteria contain poisons called endotoxins
which remain in the bacterial cells but may be liberated when the
cells die. It is possible to obtain endotoxins by grinding the cells
of the dysentery bacillus or the cholera vibrio. Endotoxins in
general are less toxic and weaker antigens than exotoxins.

Reactive Phenomena.—The body has been found to reaect in
definite ways to particular diseases, and our knowledge of the
basis of immunity rests upon the study of these phenomena which
include (1) phagocytosis, (2) allergy, and (3) the production of
specific substances for combating the infection,
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1. Phagocytosis.—The important work of Metchnikoff in the
study of immunity showed that certain bacteria are devoured and
digested in great numbers by the cells of the body. These cells
are of two types: the motile cells (certain white blood cells) and
the fixed cells of the connective tissue and endothelium.

The phagocytic blood cells are susceptible to chemotactic influ-
ences, i.e., they are attracted to bacteria and certain inert mate-
rials, and it is conceivable that the attack of a disease might so
accelerate their activity that at the inception of a second infection
the invading bacteria might be devoured before the disease could
be produced. Phagocytosis, however, is not a complete and ade-
quate explanation for immunity.

Leucocytes contacting and engulfing bacteria. (From Sharp: Microbiology
and Publio Health, The C. V. Mosby Co.)

Phagocytosis is facilitated by the presence of certain substances
which prepare the bacteria for phagocytic action. These sub-
stances called opsonins, are normally present in the body but are
found in greater concentration in immune serum.

2. Allergy.—Allergy (altered reaction or hypersusceptibility) is
a condition of the body in which it gives an exaggerated reaction to
foreign proteins, many of which are harmless to the normal per-
son. It is a specific reaction that develops against infectious or-
ganisms or other protein substances, such as certain foods. It
may be congenital or acquired, local or general.

In many people fish, tomatoes, and cheese are likely to produce
an urticarial rash; eggs may produce asthmatic symptoms; and
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cereals, pork, and milk may produce erythemas. These cases and
many cases of eczema may be due to allergic reactions to specific
proteins.

Allergy in hay fever is the hypersusceptibility of the mucous
membrane of the respiratory tract to the pollen of ragweed,
goldenrod, or other plants. Dandruff from horses or other animals
may produce similar conditions.

Another reaction that resembles the hypersensitivities just de-
seribed is anaphylactic shock. It has certain distinctive differ-
ences, however, and some authorities feel that it should not be
classified as an allergy.

An example of anaphylaxis produced by a harmless substance
is secured by the injection of horse serum into a guinea pig. If
the second injection of serum is separated from the first by an
interval of from eight to fourteen days, it produces what is known
as acute anaphylactic shock. The guinea pig becomes restless,
manifests difficulty in breathing, is generally agitated, and dis-
charges both urine and feces. Complete paralysis, the arrest of
breathing, and death may follow. The guinea pig is apparently
much more susceptible to this reaction than any other animal.
The explanation of this fact and the phenomenon itself is fur-
nished by Schultz, who showed that serum anaphylaxis produces
the hypersensitization of smooth musecle tissue which contracts
during shock. In the case of the guinea pig, the result is often
fatal because the mucosal layer of its secondary bronchi is thrown
into folds and breathing is inhibited. This reaction is strictly
specific.

The serum sickness, which often takes place after the injection
of antitoxic sera and shows symptoms of fever, itching and pain
at the point of injection, and a general urticarial rash, may be
an allergic reaction. When the symptoms are very severe, the
condition resembles anaphylaxis and is known ag serum shock.

3. Specific Substances.—In reacting to the presence of bacteria
or their produects, the animal body produces various substances.
One antitoxin—that of diphtheria—has already been mentioned.
Antitoxins are produced by the body through the stimulation of
specific toxins. They are capable of neutralizing the corresponding
toxins.
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Forty-eight causes of allergic reactions. (Courtesy Lederle Laboratories.)

‘Widal showed that very dilute mixtures of the blood serum of a
typhoid patient causes the typhoid bacilli to agglutinate, that is,
to lose their motility and gather in small clumps. It was later
found that agglutinating substances or agglufinins may be pro-
duced in the blood by injecting dead bacteria into the body, as in
typhoid vaccination. Agglutinins may also be produced for red



300 Community Health

blood corpuscles and protozoa. The part these substances play in
immunity is not yet clear.

Agglutination is an important factor to consider in blood trans-
fusion. In 1900 Landsteiner discovered that the blood serum of
certain individuals would elump down or agglutinate the red blood
cells of others. In blood transfusion it is necessary to sclect a
donor whose cells will not be clumped by the recipient’s serum.
There are four main blood groups: O, AB, A, and B. A donor
must belong to the same group as the recipient or to group O, the
universal donor group.

Substances known as precipitins are produced in the blood by
the injection of soluble antigens such as proteins. When clear
serum from the immunized animal is added to the clear antigen,
a precipitate forms at the bottom of the test tube. The relation-
ship of these substances to immunity is not clear, but we can see
how it may be possible for them to throw down poisons from solu-
tion and make them inert.

In 1896 Pfeiffer observed that when living cholera vibriones
were injected into the peritoneal cavity of a guinea pig, pre-
viously immunized against cholera, they lost their power of mo-
tion, became grouped together in clumps, and were finally com-
pletely dissolved. Antibodies which bring about dissolution or
lysis of bacterial or other cells are called lysins. Those that dis-
integrate bacteria are called bacteriolysins, those that dissolve the
red blood corpuscles of other animals are called hemolysins, and
those that dissolve the cells of glandular tissues are called
cytolysins, '

Immunization in Specific Diseases.—It seems worth while to
review the different immune processes with reference to particu-
lar diseases. (See also Appendix A.)

Active immunity may be produced in various ways, as we have
seen. An attenuated organism may be introduced as in the case of
smallpox, rabies, influenza, and yellow fever. In smallpox it is
the cowpox virus which is used. In rabies the virus (in the spinal
cord from an infected rabbit) is weakened by ecarbolic acid.
In influenza the virus of types A and B is used and rendered non-
infectious by treatment with formaldehyde. The yellow fever virus
is attenuated by repeated transfer in tissue culture. Suspensions
of dead bacteria (bacterins) are injected in producing immunity
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against typhoid fever, cholera, bacillary dysentery, Malta fever,
paratyphoid fever, and whooping cough. Modified toxins are used
to preduce active immunity in diphtheria, scarlet fever, and
tetanus.

Passive immunity is available through the use of antitoxins for
diphtheria, scarlet fever, tetanus, and botulism. Following ex-
posure to measles, edult tmmune serum or placental extract may
be injected to prevent the disease.

Tests of Immunity and Sensitivity.—By the Schick test, we
can determine a person’s immunity or susceptibility to diphtheria.
A small amount of modified toxin is introduced into the skin. If
no appreciable local reaction appears, antitoxin is present in the
blood, and the patient is immune. The Dick test is a similar test
for use in scarlet fever.

In the tuberculin tests for tuberculosis the protein introduced
into the skin is derived from tubercle bacilli. If the individual has
had an appreciable amount of infection with the bacillus of tuber-
culosis, he will have become particularly sensitive and a local
(positive) reaction will develop.

Skin tests are also available for aid in the early diagnosis of
undulant fever, trichinosis, and tularemia.
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CHAPTER XXII1

ALIMENTARY AND RESPIRATORY
INFECTIONS

How can we miss communicable diseases instead of catching
them? What kinds of organisms cause them? How can they be
carried from the sick to the well? Can they be classified into
groups of similar diseases?

The public health aspects of communicable diseases are pre-
sented in Appendix A. We shall consider here the nature and
grouping of these diseases and discuss a few of the typical and
most important ones in some detail.

The Interrelationship of Plants and Animals.—Depending upon
the method of securing food, all living things are divided into
two groups, the independent and the dependent. The green
plants are said to be independent, or autotrophic, because with
the aid of sunlight they are capable of manufacturing their own
food from the inorganic substances of soil, water, and air. Ani-
mals, on the other hand, are dependent, for they must have their
food already manufactured. They feed upon the fruit or tissues
of plants, upon the flesh of other animals, or upon the fluids or
organic products of these plants or animals. Many plants are
also dependent. The fungi (molds and bacteria) are character-
istically dependent upon organie rather than inorganic substances
for their food supply.

Almost every living thing, including man, is sought as a source
of food by some plants or animals. Three different groups of
organisms seek human beings as a source of food.

First, there are such insects as the mosquito and the bedbug, and
such larger animals as the wolves or tigers which occasionally attack
man as prey. There is no continual relationship between man and
such animal enemies.

The second group includes organisms known as seprophytes
which secure their food from nonliving substances. The common
intestinal bacteria present a good example of this relationship.
If we conceive of the body as made up of one tube inside another
we think of these intestinal bacteria as not being in the body
proper, but as being in econtact with the ‘‘inner skin.”” Within
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the intestines are always millions of bacteria, of which the most
common is the colon bacillus. Such bacteria live in the intestines
under normal conditions without producing harmful results. Ex-
periments indicate that animals can live without any bacteria in
the intestines. Chicks very carefully hatched under aseptic con-
ditions were kept for many days upon sterile food, and it was
found that the contents of the intestines were sterile. Under
normal conditions, however, the intestines of all animals contain
great numbers of ordinarily harmless saprophytic organisms which
live upon the partly digested food without injuring the animal.

The third group of organisms are the parasites. The word
‘““parasite’’ literally means ‘‘to sit at the table beside another,”’
and among the Greeks it had much the same usage as our present
term ‘‘social parasite.’”” In biology a parasite is defined as an
organism living in or upon the body of another (called the host)
to the disadvantage of the latter. The bacillus of typhoid fever,
like the colon bacillus, grows in the human intestine, but it is
definitely disadvantageous to the host. It produces substances
injurious to the body and destroys the body tissue with which it
comes in contact. The typhoid bacillus is a disease producer, a
parasite ; the colon bacillus is a harmless saprophyte.

In most communicable diseases of man a parasitic organism
makes its way inside the body and is called an internal parasite. In
a few diseases, however, the plant or animal lives on the outside
of the body, i.e., it is an external parasite. The mold, Trichophyton,
which causes ringworm of the scalp, body, feet (‘‘athlete’s foot’’),
and groin, and the louse, Pediculus, which causes pediculosis, are
external parasites.

Types of Communicable Disease.—Many different parasites pro-
duce disease. in or upon the body. They include single-cell ani-
mals, worms, insects, molds, bacteria and viruses. Every parasite
differs in its life processes, its attack upon the body, and in the
effect it produces. There is also a difference in the manner in
which the various parasites are transmitted from the body of the
infected person to the body of the well person. We might indeed
classify the communicable diseases according to the kind of para-
site that causes the disease, placing the bacterial diseases in one
group, the worm diseases in another, and so forth. We might, on
the other hand, classify these diseases according to the part of the
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body infected, separating them into diseases of the blood, diseases
of the digestive tract, diseases of the lungs, and so forth. For
purposes of public health, it seems most logical to classify them
according to their mode of entering the body. This puts com-
municable diseases into four groups, with somewhat similar
methods of control for the diseases in each group:

1. The Alimentary group in which the infective agent leaves
the body in the urine, feces, and other discharges, and produces
disease through the alimentary tract.

2. The Respiratory group in which the infective agent is carried
in the discharges of the nose and throat and may reach the respira-
tory tract of the susceptible person through the air.

3. The Contact group in which the infective agent is spread
through touching an infected person or animal or infected material.

4. The Inoculation group in which the infective agent is con-
veyed by the bites of insects.

This classification is not perfectly sharp and clear cut. There
would probably be differences of opinion as to the group in which
certain diseases shouuld be placed. This is because many diseases
are transmitted in more than one way. In some diseases the germ
may be in both the alimentary and respiratory tracts. In others
it may sometimes be air borne and sometimes picked up by direct
contact.

It is often difficult to determine the ways in which a disease is
transmitted. In poliomyelitis, for example, it was originally
thought that the virus entered the brain by way of the nose and of
the olfactory nerves. Now we know that the virus is more
abundant in the digestive tract than it is in the respiratory
passages. There is some evidence that the disease may be trans-
mitted by flies as well as by direct contact. The method of trans-
mission is one of the subjects being studied by the National Founda-
tion of Infantile Paralysis in its all-out battle against the disease.

THE ALIMENTARY DISEASES

Some of the diseases of the alimentary tract are produced by
bacteria, others are produced by parasitic worms, and at least one
(amebic dysentery) is produced by a protozoan or single-cell
animal. In any case the infecting organism finds its way into the
body through the digestive tract.
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Among the bacterial diseases we find such important infections
as cHolera, typhoid fever, and bacillary dysentery. The organ-
isms producing these diseases take up their abode in the intestines
and are present there in enormous numbers throughout the course
of the disease. Consequently, they are present in the excreta and
may be carried to healthy persons by contaminated water or food.
The spread of these diseases is also extended because of the pres-
ence of ‘‘carriers,’”’—apparently healthy persons who either have
recovered from the disease without having eliminated all the or-
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ganisms or have become infected with the disease and, although
they harbor the germ, are not made clinically ill by it. From
these persons, as well as from the more seriously ill, the organisms
from the discharges find their way to food or drink and thus to
the intestine of a well person. They may be transmitted to the
hands and then to the mouths of well persons by direct contact
and by the handling of articles soiled by the discharges of pa-
tients, or they may be carried to food on the feet of flies.
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Among the worm diseases are trichinosis, hookworm (ancylosto-
miasis), and tapeworm disease. The mode of transmission of each
parasite causing the disease is dependent upon that part of its
life history which takes place outside the human body.

Most of the worm parasites that infect man also infect some
other animal. The roundworm, which produces trichinosis, and
the various tapeworms come to man encysted in the muscles of
animals used as food. (See chapter on Food Control.) Sanitary
measures in these cases prohibit the use of infected animals as
food and demand the thorough cooklng of meat to kill any para-
sites that may be present.

In hookworm disease the bowel discharges of the patient con-
tain great numbers of eggs. These eggs develop into larvae which
infest the ground. They may enter the mouth in drinking water
or solid food, but usually they pierce the skin of the hands or feet,
pass through the lymphatics to the blood stream, and thence to
the lungs. Here they pierce the walls of the air sacs, pass up the
breathing tubes to the throat, from whence they are swallowed
and lodge in the small intestines to grow and reproduce. We
check this disease by preventing the spread of the infective or-
ganism from the body discharges. We provide sanitary privies
for the prevention of soil infection, and safeguard our water sup-
plies from picking up and conveying these parasites.

RESPIRATORY DISEASES

There is a large group of diseases in which the germ is trans-
mitted through the secretions of the mouth and nose. The breath,
if it is not foreibly exhaled, is sterile, but in the transmission of
these diseases coughing or smeezing sprays into the air a large
number of small droplets of water which contain the infective
organism. The organisms remain in the air for a time and may
be carried over a distance of several feet and inhaled by another
person,

Some of the virus diseases like influenza, psitticosis, common
cold, measles, German measles, chicken pox, smallpox, and mumps
are air borne to a greater degree than are bacterial diseases like
pneumonia, tubereulosis, meningococcus meningitis (cerebral spinal



Alimentary and Respiratory Infections 807

fever), and the respiratory streptococcal infections (scarlet fever
and streptococcal sore throat). The fresh discharges from the
mouth and nose may also be transmitted by direct contact and
by the handling of common objects, eventually reaching the mouth
or nasal passages of a well person. In the case of smallpox and
chicken pox the discharges from the body or the skin may also
transmit the disease. In most of the children’s diseases mentioned
the first symptoms are like those of common cold.
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Many of these diseases merit individual consideration and may
be studied in connection with the presentation of their public
health aspects in Appendix A. Two of them, common cold and
tuberculosis, will be considered further at this point.

Common Cold*

The common cold is the most widespread of the communicable
diseases. It is continuously pandemic. Always and everywhere in
large population groups common cold is present to some extent.

*See also Common Cold in Appendix A.
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In the United States more than one-half of alt the people have
two colds a year, and one-quarter of them have three or more colds
a year. The cases are most numerous in October and in March.

Colds cost the country hundreds of millions of dollars annually.
The wage loss in industry is greater than that for any other
disease; it is estimated at a billion dollars a year. From a poll
taken among industrial workers, Dr. George Gallup concluded
that 59,000,000 days are lost annually in industry, because of
colds and influenza. To this the loss due to interference with
school programs and the cost of drugs and medical care must be
added. School children yearly lose an average of two days each
from colds, those in the lower grades having the more frequent
and more severe infections. The effect of the cold upon the health
of the nation is serious because of the frequeney with which it is
followed by such complications as sinus infection, laryngitis,
bronehitis, mastoid infection, middle ear infection, pneumonia,
arthritis, or tuberculosis.

Nature and Transmission.—The common cold is an acute in-
fection of the upper respiratory tract. It begins with a feeling
of dryness and discomfort in the nasopharynx. This is followed
by sneezing, watery discharge and indisposition. In the sub-acute
stage the discharge becomes thick and the swelling of the lining
of the nasal passages gradually subsides.

A filtrable virus has been shown to produce this disease. Some
authorities believe it is the only cause. Other workers believe that
infections of the upper respiratory tract, having the appearance of
the eommon cold, are produced by various other microorganisms.
In any case we are sure that various microorganisms act as sec-
ondary invaders and prolong the infection and irritation of the
breathing passages.

The cold is spread by infected saliva through coughing, sneezing,
or freshly contaminated materials, particularly during the first
twenty-four hours of the disease. It appears not to be infectious
after three or four days even if a cough persists. The incubation
period is most commonly from twenty-four to forty-eight hours,
usually thirty-six.

City dwellers cannot hope to escape the infection. On the other
hand, the completely isolated individual or a small isolated com-
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munity may be free from infection until such time as it is brought
in by some outside contact. Apparently the virus dies out after
a while. This is readily explained by the fact that carriers are
extremely rare or nonexistent. Those who catech a cold establish
a temporary immunity. Since the disease is readily communicable,
it quickly exhausts all available material and disappears for lack
of carriers and susceptible persons. In Spitzbergen, miners living
in poorly ventilated barracks are free from colds all winter, but fol-
lowing the arrival of the first ship in the spring there is regularly
an epidemic of colds.

Studies in the tropies, where colds are usually less severe and
uncomplicated, indicate that the disease lasts less than a week. In
temperate climates, however, the various organisms which act as
secondary invaders continue and modify the symptoms of the
original cold. These secondary invaders include such organisms
as the influenza bacillus, the pneumococeus, certain staphylocoeei,
streptococei, and Micrococcus catarrhalis. Some of these organ-
isms are always in the throat or nose, and they increase in number
during the third or fourth day of the disease. Chilling or unusual

Photograph of a sneeze taken with an exposure of 1/30,000 second. (Courtesy
Jennison.)
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fatigue at that time may bring on pneumonia, probably because of
extension of the pneumococcus infection from the upper respiratory
tract to the lungs.

Control.—Some fortunate persons have a natural resistance to
colds. Others are unusually susceptible. The mucous blanket and
the ciliary movement on the nasal membranes are believed to be
important defense mechanisms in preventing the virus from estab-
lishing itself. The relative immunity which follows an attack of
the disease lasts for only a month or so.

One cannot usually separate the symptoms of the cold itself
from those of the secondary invaders. There are various prac-
tices which are helpful in avoiding both the cold and the second-
ary infection, but a specific practice may relate more to one con-
dition than to the other.

The use of cold vaccine is an attempt to combat the secondary
invaders. These vaccines seem beneficial to some and relatively
ineffective for others. Autogenous vaccines are made up from
organisms secured from the patient; stock vaccines are made from
a group of organisms that most commonly cause the infection.

There is evidence that persons whose diet is deficient in vitamin
A are likely to have more severe colds than persons on an adequate
diet. Sleeping out of doors does not reduce the number of colds.

Although we still need further information on the hygiene of
cold prevention, there are certain facts upon which there is general
agreement. Chilling is an important factor, especially in per-
sons who do not make rapid adjustments to weather changes. It is,
therefore, helpful to avoid rapid changes in temperature such as
oceur when one sits in a draft or when one goes out of doors with-
out adequate wraps after having worked in a hot, stuffy room.
Humidifying indoor air and holding a handkerchief over the nose
for a few moments upon going out on a very cold day may be
helpful. Dress for the weather. A diet rich in fruits, vegetables,
milk, and meat is preferable to one that contains an excess of
pastries and sweets. Excessive fatigue, lack of sleep, worry, and
anxiety inerease susceptibility.

Prompt action at the first sign of a cold (dryness and burning
in the nasopharynx) may give some hope of avoiding the disease
and the dangerous secondary infections. Protection against chill-
ing and fatigue should be instituted at once. A warm room
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(about 70 degrees) with relatively high humidity is desirable.
The best way to get both rest and warmth is to go to bed. This
also avoids contact with other people at the time when the cold is
most infectious. If fever develops, rest in bed until twenty-four
hours after it abates should be considered imperative.

Studies have failed to disclose any effectiveness of cathartics,
gargles, counterirritants, sodium bicarbonates and other anti-
acids, or the many commercially advertised ‘‘cold remedies’’ in-
vestigated. Self medication with sulfa drugs or antibioties cannot
be recommended. The sufferer from a cold should have a simple
diet with plenty of liquid. Orange juice is good.

The nose should be blown with both nostrils wide open. Use
disposable paper tissues, and do not kiss anyone during the acute
stages of a cold—unless it is someone you dislike !

The person who is seriously ill with a cold or who has persistent
or frequent colds needs medical advice, not a cupboard full of eold
remedies.

Tuberculosis*

Prevalence.—Descriptions of tuberculosis may be found in
the earliest medical writings. It has been one of the great
scourges of mankind, but it is rapidly coming under control.
Some experts believe that it may be virtually eliminated.as a
cause of death in the United States within a generation. In
1900 the tuberculosis death rate for the United States was 194 per
100,000. Now it is about 37; and in a few states it is below 15.
Even so, it still takes more than 50,000 lives a year.

The disease is concentrated in specific groups. These include
Negroes, older men, industrial workers in certain occupations
(such as that of metal mining), and young mothers. The death
rate from tuberculosis among unskilled workers is three times
as high as that of skilled workers and seven times as high as that
of professional men. It is among such highly infected groups
that measures for tuberculosis control need to be centered.

The age distribution of tuberculosis deaths may be seen from
the accompanying chart. Infants are very susceptible to tuber-
culosis but you will note a low death rate at 3 to 12 years of
age. A serious infection rarely develops during these ages, al-

*See also ‘““Tuberculosis, Pulmonary” and ‘“Tuberculosis, Other Than Pul-
monary” in Appendix A.
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though an infection at this time may develop an active disease
during adolescence. Note the rising death rate during adoles-
cence and youth, and the continual increase in the rate for men as
age advances.

Death rates for Negroes are about three and one-half times that
for whites in the country as a whole. Yet mass surveys of large
population groups have shown fewer cases of tuberculosis in
Negroes than in whites. The explanation of this seeming contra-
diction lies in the fact that Negroes who do develop pulmonary
tuberculosis survive a much shorter time than do the whites.
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Negroes do not acquire tuberculosis more readily than white men,
but they develop the disease at an earlier age and resistance seems
much lower. Among other racial groups we find high death rates
among the Indians, and Spanish-speaking people but low death
rates among the Jewish people.

Apart from differences of age and race, tuberculosis is always
higher where poverty, malnutrition, cumulative fatigue, exposure
to free silica dusts, poor housing, overerowding, ignorance, and
lack of healthful recreation exist. The level of body resistance
and the amount of infection are the factors which determine
whether any person develops tuberculosis.
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Nature of the Disease.—The tubercle bacillus is capable of
attacking many parts of the body, but the most common form of
the discase is tuberculosis of the lungs, or pulmonary tuberculosis,
which is of two types or phases.

The primary or first infection type is usually caused by in-
haling the tubercle bacilli, with the production of a focus of infec-
tion in the lung. Usually it is a single, minute spot of infection.
Body cells surround the tuberele bacilli, aiding in the formation
of a soft mass which is later encapsulated by fibrous tissue and
caleium, to form a tiny tuberlike lump or tubercle. During this
early stage bacilli are commonly carried along the lymph channels
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to the lymph nodes of the chest. These lymph glands of the hilum
(area between-the two lungs near where the bronchi enter) screen
out the bacilli and prevent them from passing into the general
circulation. They become enlarged. This primary infection is
more common in children than in adults and was formerly called
childhood tuberculosis. Usually no eclinical symptoms are pro-
duced.

In the majority of instances healing occurs, but there are two
evidences in the body to indicate what has taken place: (1) calei-
fied foci have been formed in the lung and in the lymph nodes
(hilum glands) which may contain living tubercle bacilli, and (2)
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the body has become allergic or hypersensitive to the infectious
organism. The presence of the calcified areas may be indicated
by an x-ray examination and the allergy may be detected by the
tuberculin skin reaction.

The reinfection or adult type of tuberculosis is the more serious,
advanced, and widely known phase of the disease, usually accom-
panied by fatigue, loss of weight, indigestion, and a persistent
cough. The infection usually appears in the upper third of the
lung and may be caused by bacilli which enter the body from out-
side or by bacilli which have been liberated by the breaking down
or rupturing of a lesion of earlier primary tuberculosis. Thus the
reinfection stage may arise from fresh contact with a person having
tuberculosis or from a weakening of the individual’s vitality
through overwork, strain, dissipation, mental depression, or such
infections as a cold or influenza. This new lesion or ‘‘infiltration”’
may progress rapidly, distributing germs to other parts of the
lungs. If complete rest can be obtained, the lesions will heal.
Obviously, the treatment (rest) should be instituted at the earliest
possible moment since the chances of cure will then be best and
treatment will be completed in the shortest time.

Tuberculosis other than pulmonary is relatively rare. The in-
fection comes from human beings with the disease and from
tuberculous cows. Many years ago bovine tuberculosis was common
and caused many cases of tuberculosis of the bones (ineluding
tuberculosis of the spine with hunchback) and infection of the
lymphatic glands of the neck. With the elimination of infected
cattle and the general pasteurization of milk, bovine tuberculosis
has almost disappeared in the United States. Tuberculosis of
the skin, kidneys, intestines, or other organs of the body some-
times occurs.

Prevention and Control.—Tuberculosis is not subject to con-
trol by either sanitation or vaccination. Vaccines made with
killed organisms and with nonvirulent organisms (BCG or
Bacillus Calmette Guérin vaccine) have been tried and large-scale
experiments with them are still under way. To date they have not
been strikingly successful. The possibility that streptomyecin
or one of the other antibiotics may inhibit the growth of Myco-
bacterium tuberculosis is also being investigated,
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Our progress against the disease has come mainly (1) from
educating the public toward better personal hygiene, better ven-
tilation, better diet, and the avoidance of unpasteurized milk,
common drinking cups, severe and protracted fatigue, the inges-
tion of aleohol and intimate associations with persons who have
tuberculosis, (2) from finding cases early and obtaining prompt
treatment, and (3) from a general improvement in the standard
of living. Health departments have had most valuable assistance
from the National Tuberculosis Association and its state and local
societies.

One of the difficulties in early case finding lies in the fact that
the disease does not give readily discernible signs until it is rela-
tively far advanced. It is therefore necessary to seek the disease
among supposedly well people. In doing this, wide use has been
made of tuberculin skin tests. In the Mantoux diagnostic skin
test a small amount of tuberculin extracted from the tubercle
bacillus is injected into the skin. If previous infection has made
the person sensitive or allergic to the germ, a red or mildly in-
flamed spot appears within forty-eight hours. If the test is
positive, it indicates that there has been a previous invasion of
the organism but it does not necessarily show how far tuberculosis
has progressed.

The patch test is simpler to use and is nearly as reliable. A
patch of adhesive tape holds against the skin a square of filter
paper saturated with tuberculin. It is removed after forty-eight
hours and read at ninety-six hours.

In the past most children over 10 years of age gave a positive
tubereulin test, but recent surveys in colleges show that less than
20 per cent of the entering students react.

It has been the practice to give tuberculin tests to large groups
of people and to x-ray and examine medically those who gave a
positive reaction. The x-ray is the most exact means of diagnosirig
tuberculosis, and recently improved techniques have made it pos-
sible to employ it as the primary diagnostic or screening device.
Small cellulose films, 4 by 5 em. or 35 mm., are used instead of
the standard 14 by 17 inch cellulose films. Chest x-rays are now
given routinely in many parts of the country to college students,
high school students, expectant mothers, and all patients entering



(Ewing Galloway)
The reading of an x-ray plate requires medical skill and experience,

general hospitals. In addition, community campaigns using
portable x-ray equipment promote the taking of x-ray pictures of
all the persons in industries and in whole communities.

Probably many cases of advanced tuberculosis could be pre-
vented if every one between the ages of 10 and 20 years could
receive one or more X-ray examinations. It is particularly im-
portant to have regular x-ray examinations for persons who,
like teachers or domestic servants, are in intimate contact with
children.

The laboratory examination of spufum reveals the presence of
the bacteria in active disease. Sputum examination is not as good
a means of early diagnosis as the x-ray, although the bacteria
often appear in the sputum and in stomach washings before clinical
signs of the disease appear.

Early treatment is important in reducing the recovery time aund
in avoiding the danger of infecting others. Rest is the one cure
for tuberculosis and it should be taken at the earliest possible
moment. No medicine will cure the disease. Patent medicines
may quiet a cough or stimulate a patient temporarily, but they are
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dangerous because they postpone the one real cure—complete bed
rest. The sanatorium is the idecal place for such treatment. The
sanatorium patient is free from anxiety that he may be exposing
a well person to the disease. He lives in cheerful surroundings
and follows a medically planned regimen, which includes good
food, fresh air, and rest. The sanatorium also trains the patient to
keep well after the discase has been arrested.

Medical scienee makes wide use of another device for resting a
lung. It is called pnewmothorax and is a deviee for collapsing
the diseased lung by injecting air into the pleural sac between
the lung and the chest wall. It can collapse one lung so that it
does not breathe. The healthy lung does all of the work. Some-
times the lung is kept collapsed for years by putting a ““refill’’ of
air into the chest from time to time.

Some tuberculous patients arc treated at home. When this is
done, it is most important to follow the doctor’s directions with the
utmost care in obtaining a good diet, in disposing of sputum, in
the sanitation of dishes used by the patient, and in the day-to-day
schedule of rest. Sanatorium care is greatly preferred.
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CHAPTER XXIII
CONTACT AND INOCULATION DISEASES

The number of contact diseases and inoculation diseases is not
great, but some of them are very important.

CONTACT DISEASES

This group of diseases includes maladies which vary widely in
nature, but have a point of similarity, in that they are spread by
direct contact (touching) between the well person and the in-
fected human being or animal, as the case may be; or they are
spread by a direct contact with infected material, such as cloth-
ing or bedding.

Anthrax, glanders and foot-and-mouth disease and perhaps
actinomycosis are transmitted to man from other animals or from
animal products, such as the hair, hides, or flesh. Contact with the
infected material allows the disease to enter through a break in the
skin or mucous membrane or through the alimentary or respiratory
tract. In such a group of diseases control of the disease in animals
is the fundamental sanitary procedure.

Other diseases in the contact group are transmltted directly
by the contact of the sick with the well, or they are transferred
by indirect contact when the well person touches, handles or uses
materials or articles recently in the possession of the infected
individual. In this group are the venereal diseases and #rachoma,
a disease of the eyes or conjunctiva in which the infection is often
transmitted by use of the common towel. Included also are ery-
stpelas, a streptococcus infection of the skin which enters the vietim
through a break in the skin; and scabies (itch) which passes from
person to person when sufficiently close contact allows the itch mite
to get upon the body of the new host.

In some diseases of this group the infection is introduced into
the body through actual rupture of the outer skin. Tetanus, or
lockjaw, is produced by a bacillus which, although it causes seri-
ous disease or death in man, normally lives in the intestinal tract
of animals without producing disease. This organism lives not

318
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only in the intestinal tracts of animals, but also in the soil, and
its mode of entrance into the body is with dirt which enters a
wound. This disease, even in time of war, is almost completely
controlled by prompt attention to the cleanliness of wounds and
the use of a specific, antitetanic serum which prevents the disease
from developing. It is also possible to immunize against tetanus
with toxoid. This immunization is commonly given in infaney or
early childhood and renewed at intervals.

Rabies is likewise a wound disease. The organism of the dis-
ease is present in the saliva of the infected or rabid dog, and when
the dog bites a person, the virus is introduced directly into the
wound. The control of the disease is obviously limited to the
control of dogs or other animals which are subject to the infection.

The venereal diseases (syphilis, gonorrhea, soft chanere, lympho-
granuloma venereum, and granuloma inguinale) are of such im-
portance (especially syphilis) that they deserve some discussion
beyond that presented in Appendix A.

Syphilis*

The disease seems to have appeared in the civilized world about
1493. There is one theory that it was carried to Europe by the
crew of Columbus on the return of his first voyage. By those
members of the crew who joined the army of Charles VIII of
France, it is thought to have been carried into Italy with the in-
vasion of that country for the conquest of Naples in 1494. The
epidemic which began there rapidly spread over all Europe, with
the most serious consequences, for the disease was then new and
its course was extremely rapid and severe. Although syphilis has
been recognized for centuries, it was not until 1905 that the
causative organism, the treponema pallidum, was discovered.

Syphilis has long been one of our most important public health
problems, but only within the last decade or two has a really vigor-
ous attack been made upon it in this country. Widespread pub-
licity during the thirties focussed attention upon the problem, and
in 1938 Congress enacted a Venereal Disease Control Act, by
unanimous vote in both Houses, providing aid to states for ‘‘the
prevention, treatment and control of the venereal diseases.’’

) s;as:: discussion of Syphilis in Appendix A for statement on control of the
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We do not know the exact prevalence of syphilis. The number
of reported cases in the United States during the last few years is
shown in the following table.

Di1AGNOSED CASES OF SYPHILIS AND (AONORRHEA REPORTED FOR THE FIRST TIME
IN THE UNITED STATES AND TERRITORIES (1941-1947*)

YR. SYPHILIS GONORRHEA
1941 480,184 201,225
1942 550,767 252,481
1943 521,632 296,190
1944 409,801 994,785
1945 359211 | 318,585
1946 393,571 422,833
1947* 377,000 383,000

*Estimated on the basis of figures for January through June.

Surveys have been made in individual ecommunities by sending
several public health workers into the ecommunity to record the
number of cases under treatment on a single day in clinics and by
private physicians. There are also data from serologie blood tests
for large groups of persons. All of these surveys show sharp dif-
ferences in the infection rate in different groups of persons. These
differences are shown in the following table.

Positive WASSERMANN TEsTS ENCOUNTERED IN MASS SURVEYS OF VARIOUS
SociAL GROUPS

(From Smillie, W, G.: Preventive Medicine and Public Health, New York,
1947, The Macmillan Co.)

NUMBER

SOCIAL GROUP PER 1,000
American university students, unselected series 1
Large industrial plants employing skilled labor 6
Prospective blood donors, 2,044 examined 8
Premarital examinations, all persons 12
White rural unskilled day laborers, all ages 23
Street beggars 110
Railroad employees, large series 117
Negroes, all ages, southern United States 190
Convicts, large series 240
Prostitutes, large series 300-700

Such a study shows the association of syphilis with erime, social
maladjustment, ignorance, poverty, carelessness, and negligence.
Some of our most exact data on the prevalence of syphilis come
from the serologic blood tests given to selectees for army service.
Of all selectees examined for syphilis in World War II, 4.5 per cent
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showed positive serologic tests. The following table is prepared
from reports on the first two million selectees examined during
1940 to 1942.

PERCENTAGE OF POSITIVE SER0OLOGIC TESTS FOR SYPHILIS

WHITE MEN NEGRO MEN

AGE GROUP (%) (%)
21-25 1.0 19.0
26-30 2.1 29.4
31-35 3.9 35.7
Total for all ages 1.7 25.2

This table shows, as might be expected, an increasing number of
positive reactions in the higher age groups. Much more startling is
the contrast in infection rate between white men and Negroes. The
infection rate varies in different parts of the country, but the rate
among Negro men is consistently more than eight times that among
white men. This is shown in the following table in which we have
included, from among the states with considerable Negro popula-
tion, three of the states with the highest rates and three with the
lowest rates.

SYpHILIS PREVALENCE IN THREE STATES WITH HIGH RATES AND IN THREE
States WitrH Low RATES

STATE WHITE MEN NEGRO MEN
(%) (%)
Florida 5. 40.6
Texas 5.3 34.3
Georgia 3.9 32.8
‘Wisconsin 0.6 15.7
Minnesota 0.8 14.2
Massachusetts 0.9 11.6

It would appear that the disease can be controlled in both groups
because of the sharp difference in the rates between the different
states listed. However, the consistently sharp difference between
the incidence in the two races shows that statisties for any state as
a whole are relatively meaningless until the data are broken down
so that the rates in these two races can be seen separately.

It is estimated that 10 per cent of all insanity, 15 per cent of all
blindness, and 18 per cent of deaths from organic heart disease,
are due to syphilis. If an expectant mother has syphilis and is
not adequately treated, the infection is often transferred to the
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unborn infant. The disease transmitted in this way is called con-
genital syphilis. It is estimated that 2 per cent of children are
born with congenital syphilis. A large proportion of these infants
are born dead, and the others are likely to be sickly, deformed,
blind, or feebleminded unless adequately treated.

It is estimated that syphilis costs the nation more than three
hundred million dollars annually for treatment, in lost time from
work, and in reduced efficiency of employees. This is more than
the total amount spent for all our departments of health. The cost
of syphilitic blindness alone is estimated at forty-one million
dollars a year.

The fact that syphilis is sometimes transmitted outside of
venery makes it a menace to everyone. Continent, moral and
hygienic conduct is the best protection against it, but that pro-
tection cannot be complete. Even a slight seratch in the skin is
sufficient to permit the introduction of the germ as has often been
demonstrated by infections upon the hands of surgeons, nurses,
and midwives. It is possible for the disease to be transmitted by
the kiss of an infected person. Innocent infections occur in the
wife of the syphilitic husband and, as we have indicated, in the
fetus of the infected mother.

Nature of the Disease.—When syphilis is untreated, it usually
but not always follows a characteristic course. There first oceurs
a hard indurated ulcer, or chancre, in the skin or mucous membrane
at the site of the original infection. The chancre appears from ten
days to ten weeks (usually three weeks) after exposure. It is usu-
ally painless and disappears in a few weeks even without treatment.
The disease is highly contagious during this chancre stage. The
germ can be detected in the fluid from the chanere by means of the
dark-field microscope, although the blood may not yet show a
positive reaction to the blood test for syphilis. Cure is practically
certain if treatment is commenced during this early stage of the
disease.

In untreated syphilis during the sixth to the twelfth week after
infeetion, the second stage of the disease appears. Its symptoms
usually include a skin rash, fever, headache, mouth sores, a sore
throat, and a general run-down feeling. The mouth sores are
highly contagious. The blood test for syphilis is usually positive
at this time.
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The disease subsequently passes into a later stage in which there
are no obvious symptoms, but in which the vital structures and
organs are undermined. In this third stage of syphilis the un-
treated patient develops serious damage to the heart and blood ves-
sels. Further common developments are deafness, blindness, uleers,
mental derangement, convulsions, and paralysis. The largest num-
ber of deaths are from cardiovascular syphilis. General paralysis
of the insane (paresis) and progressive loss of museular control
(tabes dorsalis) are among complications that result from un-
treated syphilis.

Chancre of lip. (After Sutton and Sutton.)

Reducing or Eliminating the Disease.—There is no doubt that
we shall be able to reduce the amount of syphilis tremendously.
Before World War II Denmark, Norway, and Sweden had made
syphilis a rare disecase. If we compare their syphilis rates with our
own, we find that New York State, with onc of the best control
programs in this country and approximately the same population
as these three countries, had 25 times as many cases of syphilis.

Prewar figures from Sweden show a total of only about 400 new
cases of syphilis in a year among the population of 6,260,000, a
rate of ¥ 50 of 1 per cent (0.0066 per cent). This remarkable rate
was achieved largely as the result of a law passed in 1918 re-
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quiring all persons suffering from venereal disease to submit to
treatment. If a person refuses, he may be required to enter a
hospital. All infected persons in Sweden have the right to free
treatment at the expense of the State. Doctors are required to
report every case by number but not by name unless the patient
fails to comply with the regulations. Every effort is made to dis-
cover the source of the infection and to place that person under
treatment. Prostitution is suppressed. There is a good program
of popular education. Wholesome recreation is encouraged.
Freedom from venereal disease is a prerequisite to marriage.

This type of program can reduce the disease to the vanishing
point if it is vigorously applied; and we can expect a reasonably
rapid reduction in this country with the realistic approach which
the people now demand. We are making progress in research on
the disease. We have a large and increasing group of medical and
public health specialists. We have organized effort in voluntary
agencies (American Social Hygiene Association) and health de-
partments. We have methods of early diagnosis and effective
methods of treatment, and there is no reason why we should not
give young people such an intelligent understanding of the facts
that they will avoid infection.

Do you agree that the general public should know the following
facts 9—Syphilis is catching and dangerous. It is transmitted by
sexual contact, by kissing, and by an infected mother congenitally.
It is different from gonorrhea, but it is possible for one to have
both diseases at the same time. A normal, moral life is the best
protection. The prostitute is a major carrier of the organism since
the majority of them are infected. Prostitutes are a biologically
inferior group, approximately one-third of whom have been shown
to be feebleminded. Prophylaxis with calomel ointment within a
few hours after exposure is generally successful, but is not an in-
fallible prevention against the disease. The Wassermann test,
Kahn test, or similar serological or blood tests are valuable aids in
detecting syphilis. We have excellent methods for treating syph-
ilis, and a cure is practically certain if treatment is started early
and continued regularly under competent medical skill. Improved
methods of treatment are being developed and tested ; but whatever
treatment is used, the patient must continue under medical care
until the cure is complete. Most states require syphilis to be re-
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ported by number and not by name unless the patient discontinues
treatment. Records concerning syphilis are held strictly confiden-
tial by the private physician, by clinies, and by the health officer.
Health departments provide free blood tests for syphilis, and gen-
erally provide frec drugs for the treatment of patients. Blood tests
early in pregnaney are important. Valuable progress is being made
in the discovery and eradication of this disease by premarital blood
testing of couples before the marriage license is issued and by
routine blood tests of pregnant women. The promptness with
which a person becomes noninfectious when placed under proper
treatment makes it unnecessary and unreasonable to discharge
from ordinary factory occupations those persons who have a posi-
tive blood test for syphilis. Self-treatment with drugstore rem-
edies is unwise and dangerous. The life expectancy for untreated
syphilis is 20 per cent lower than normal. An adequate program
in the community under the leadership of a trained public health
staff includes the follow-up of all cases, available treatment for
those who cannot afford to pay, free diagnostic laboratory service,
free antisyphilitic drugs, a blood test for every expectant mother,
premarital blood tests, blood tests with routine health examina-
tions, and an educational program aimed at the age groups most
frequently acquiring syphilis.

Other Venereal Diseases

The most important of the other venereal diseases is gonorrhea.
The initial infection of the gonococcus (Neisseria gonorrhoeae) is
ordinarily along the lining of the genital tract. However, the com-
plications of the disease resulting from the spread of the infection
along the genital tract are most serious. The germ may enter the
small glands, producing an infection that is difficult to cure. It
may close the ducts from the testes or ovaries, making parenthood
impossible. It may reach and infect the bladder or it may enter
the blood. This germ may cause rheumatism. It may infect the
eyes and cause blindness in newborn infants.

Studies on the prevalence of gonorrhea indicate that at least
1,000,000 persons acquire gonorrhea every year in the United
States. The age distribution is similar to that of syphilis. The
tendency to hide the presence of the disease and to resort to dan-
gerous self-treatment is even greater than in syphilis. The sulfa
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drugs were found helpful in the treatment of gonorrhea, and peni-
cillin has been found to be even better; but neither of them can be
used effectively and safely in self-treatment.

Chancroid, or soft chancre, is a localized disease which is limited
usually to a deep painful ulcer at the point of infection and in
which serious sequelae from this infection occur occasionally.
Chaneroid, lymphogranuloma venereum, and granuloma inguinale
are much less common in the United States than are syphilis and
gonorrhea but are widely prevalent in tropical and subtropical
areas of the world.

INOCULATION DISEASES

The transfer of disease by inoculation is by the entrance of the
germ through the skin or flesh. Man has long recognized the
hostility of a variety of biting insects that are always ready to
disturb his comfort. The mosquito is eager to draw its food from
man’s blood supply. If human habitations are unsanitary, the
bedbug makes its abode in the house, with its program of watch-
ful waiting and sudden action. If man’s habits of personal clean-
liness are sufficiently poor, the louse lives upon his body. The
itch mite burrows into the skin of man, producing redness, itch-
ing, and irritation. But not until 1879 was it suggested that any
insect could transmit disease-producing germs.

The studies of Sir Patrick Manson showed that the blood of
patients suffering from a disease known as filariasis contained in
great numbers the young of a specific worm. He suggested, and
later was able to prove, that this worm is drawn from the blood
when a mosquito bites an infected person, passes part of its life
in the body of the mosquito, and reaches a new human vietim
when the latter is bitten by the mosquito.

General attention was centered on insects as possible carriers
of diseases in 1893 by the conclusive studies of Dr. Theobald
Smith on Texas fever, a disease of cattle. He showed that the
blood parasite (Babesia bovis) lives in the body of the infected tick
and is transferred to cattle by the bite of the inseect.

From these investigations we recognized a new means of disease
transmission—namely, the biologic. By this we mean that the
parasite passes part of its life history in the body of some other
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animal which acts as a temporary host. In many cases, the tem-
porary existence in the body of this other host is necessary for
the complete development of the parasite, and it cannot be trans-
ferred back to man until it has passed through certain stages of
development in the body of the temporary host. Insects respon-
sible for the biologie transmission of an infection are known as

External animal parasites which infest human beings. 4, Head louse;
B, body louse; C, itch mite; and D, pubic, or crab louse. (After Sutton and
Sutton.)

vectors of disease. This must be clearly distinguished from the
mechanical transmission of disease. Houseflies or other insects
may collect the germs of typhoid, cholera, dysentery, or some
other disease on their feet and legs and carry them to a healthy
individual or to food about to be eaten, thereby transporting the
causative agent of the disease by mechanical means.
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drugs were found helpful in the treatment of gonorrhea, and peni-
cillin has been found to be even better; but neither of them can be
used effectively and safely in self-treatment.

Chaneroid, or soft chanere, is a localized disease which is limited
usually to a deep painful ulcer at the point of infection and in
which serious sequelae from this infeetion occur occasionally.
Chaneroid, lymphogranuloma venereum, and granuloma inguinale
are much less common in the United States than are syphilis and
gonorrhea but are widely prevalent in tropical and subtropical
areas of the world.

INOCULATION DISEASES

The transfer of disease by inoculation is by the entrance of the
germ through the skin or flesh. Man has long recognized the
hostility of a variety of biting insects that are always ready to
disturb his comfort. The mosquito is eager to draw its food from
man’s blood supply. If human habitations are unsanitary, the
bedbug makes its abode in the house, with its program of watch-
ful waiting and sudden action. If man’s habits of personal clean-
liness are sufficiently poor, the louse lives upon bhis body. The
itch mite burrows into the skin of man, producing redness, itch-
ing, and irritation. But not until 1879 was it suggested that any
insect could transmit disease-producing germs.

The studies of Sir Patrick Manson showed that the blood of
patients suffering from a disease known as fileriasis contained in
great numbers the young of a specific worm. He suggested, and
later was able to prove, that this worm is drawn from the blood
when a mosquito bites an infected person, passes part of its life
in the body of the mosquito, and reaches a new human victim
when the latter is bitten by the mosquito.

General attention was centered on insects as possible carriers
of diseases in 1893 by the conclusive studies of Dr. Theobald
Smith on Texas fever, a disease of cattle. He showed that the
blood parasite (Babesia bovis) lives in the body of the infected tick
and is transferred to cattle by the bite of the insect.

From these investigations we recognized a new means of disease
transmission—namely, the biologic. By this we mean that the
parasite passes part of its life history in the body of some other



Contact and Inoculation Diseases 329

Further research has taught us that malaria, yellow fever,
filariasis, dengue, plague, African sleeping sickness, and Rocky
Mountain spotted fever, together with a few less important mal-
adies, are conveyed to man by biting insects. Usually the germ
of the disease is capable of living in the body of the particular
insect without injuring it. When transferred to man, the germ
attacks a particular part of the body, or by its presence produces
fever and tissue destruction.

There are several possible points of attack in the elimination
of such diseases. We may undertake measures to kill the insect
that carries the infection, we may keep the insect away from the
sick to prevent their becoming infected, we may use precautions
of screening and the eradication of vermin to keep man protected
from attack and the bite of the insect, or in some cases we may
attack the germ itself—as in the case of malaria by the use of a
specific substance, like quinine, chloroquin, Atabrine, or Plasmo-
chin, which kills the organism in the blood of the human patient.
The entomologist and the sanitarian, from a knowledge of the
life history and habits of the insect, suggest the methods by which
the disease can best be attacked. Our general program includes all
these means of restricting the disease: prompt diagnosis and treat-
ment of the patient under suitable isolation, a campaign against
the insects themselves, and the protection of the healthy population
by education and cleanliness.

Mosquito-Borne Diseases

Dengue fever and filariasis are mosquito-borne diseases, but the
two diseases which have been most important as causes of disability
and death are malaria and yellow fever.

Malaria throughout the ages has been one of the world’s great-
est scourges. It has been suggested that this disease contributed
more than any other factor to the downfall of the Greek Empire.
In Italy certain valleys, like the Campania, were filled with infec-
tion, and the name malaria, meaning ‘“bad air,’’ reflects the early
erroneous belief that the humid swamp air produced the disease.

Although Laveran, the French scientist, found in the blood of
malaria patients the single-cell animal, Plasmodium, which causes
the disease, it was Ross (1895) who first discovered its transmis-
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sion by the mosquito. Later studies showed that the mosquito
was the only agency of transmission.

Since then the complete life history of the parasite has been
worked out. It has been learned that certain stages of its life
history must be passed in the body of the mosquito. Moreover,
it is a specific mosquito, the Anopheles, which harbors and trans-
mits the malaria germ. More than this, it is only the female of
the species which is the dangerous agent. The male mosquitoes
are not blood sucking but feed upon vegetable juices. The fe-
males must feed upon blood to complete their development so that
reproduction is possible. Thus the desire for blood sucking is
linked with ordinary hunger and with the sex instinet. (See
Appendix A for the facts regarding its control.)

Yellow fever was added to the list of insect-borne diseases in
1900 by the distinguished work of the American Yellow Fever
Commission, composed of Reed, Carroll, Lazear, and Agramonte.
This disease also is conveyed by a single species of mosquito,
Aedes, formerly called Stegomyia. World-wide campaigns against
this disease have gone far toward its elimination. North America
has been free from this disease for many years.

In 1902 dengue was found to be transmitted by the mosquito,
and, as we have seen, filariasis has been known to be transmitted by
various species of mosquitoes for a much longer period.

Mosquito Control.—It has beer demonstrated in many commu-
nities that systematic and scientific programs of mosquito control,
if sufficiently broad in scope and earried over a reasonable period,
may nearly or completely rid an area of mosquito-borne disease.

The best method of attack upon the mosquito is the destruction
of its larvae. The mosquito lays its eggs in the water. After one
and a half days the eggs hatch into the larvae or ‘‘wigglers.”’
During the larval period the insect eats almost continuously. Al-
though it lives in the water, it is an air-breathing organism. A
breathing tube extends through a long projection at the posterior
end of the body, and when air is taken in, this projection is thrust
through the surface film of water. After six or seven days the
pupa stage develops. During this period the insect eats nothing,
and it breaths through two tubes situated in the upper part of
the thorax. This stage undergoes transformation during a period
of about two days and the mature insect is formed. The pupa
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case is broken open along the back, the mosquito erawls out upon
this floating skin and flies away.

Different varieties of mosquitoes are found as vectors of disease
in different parts of the world. Their breeding, feeding, and
other life habits vary. Consequently the methods of their control
must vary.

An anti-mosquito campaign involves first an attack upon the
breeding places. These may be eliminated by developing systems
of drainage, and by cleaning the shores of streams and lakes,
thus eliminating the grass growing in the water near the shore in
which the insects can hide from fish and other natural enemies. In
water that cannot be drained, the larvae may be killed by a poison
(larvicide) or by the use of crude oil. The oil is spread over the
surface and forms a film through which the breathing tubes of the
developing insect cannot penetrate, and the insect dies from want
of air. DDT (5 per cent in kerosene or a 10 per cent powder) and
other larvicides are used as a means of poisoning and killing the
larval forms. Proper screening prevents mosquitoes from entering
dwellings and protects well persons, and proper screening of
the sick prevents the infection of mosquitoes. Various substances
have been discovered which can be released into the air or spread
upon the hands and face to kill or drive off the adult mosquito.
Dimethylphthalate is a very efficient insect repellent.

Diseases Carried by Other Insects

Another disease usually transmitted by an insect is plague. It is
primarily a disease of rodents, but it is communicable to man.
Plague swept over Europe about the middle of the fourteenth cen-
tury, and from available records it apparently killed about twenty-
five million people or one-fourth of the entire population. It is
known in history as ‘‘The Black Death.”” The disease is spread
(except in the pneumonic form) by the bite of the rat flea. The
flea picks up the bacillus from an infected rat and earries it to other
rodents or to man.

In a campaign against plague, therefore, isolation and specific
treatment of infected patients are not sufficient. The rat must
be trapped and killed, and prevented from being carried to coun-
tries or cities by ships. Rat-proof construction in the building
of houses and commercial buildings, the use of cats and other



332 Communily Health

natural enemies, and the covering of garbage in an attempt to
eliminate the natural food supply all aid in exterminating the rat.
The disease is present in ground squirrels and other rodents west
of the Mississippi. There is an occasional case in this country from
that source.

It has been proved that the body louse transmits {yphus fever
and relapsing fever (see Appendix A). Ridding infected persons
of lice and maintaining clean habits of living to prevent the
spread of lice among the population are fundamental procedures in
eliminating the diseases. Ticks also convey these diseases as well as
Rocky Mountain spotted fever and Texas fever (in cattle). The
Tsetse fly conveys African sleeping sickness. In all these diseases
a scientific sanitary program of prevention calls for an attack upon
the specific insect.

DDT (Dichlorodiphenyltrichloroethane)

DDT—dichlorodiphenyltrichloroethane—came into widespread
use during World War TL. It is so much more effective than
earlier insecticides that it has revolutionized the control of insect-
borne diseases. It is widely used as a general insecticide in the
household and in agriculture.

DDT is a contact poison for most insects. It is slowly absorbed
from any portion of the insect body contaminated with it and after
some hours produces what seems to be paralysis of the nervous sys-
tem. It is a stable compound and remains on a surface for three to
six months, killing insects that tread upon it. It is prepared in a
variety of forms—as a dust (usually 5 to 10 per cent mixed with
tale), as an oil solution (usually 5 per cent in kerosene or diesel
0il), as an emulsion (usually with xylene), as a suspension of the
powder in water, or as an aerosol (with pyrethrum and a solvent
to be used in ‘‘bombs’’ as a space sprayer for killing adult insects
in enclosed areas or for keeping small outdoor areas free from in-
sects for a period of two hours or so).

Tt is used as a residual spray for killing flies, mosquitoes, bed-
bugs, ants, clothes moths, and other insects. In the powder form
it is widely used against cockroaches, fleas, body lice, head lice, and
erab lice. Sprinkled on the clothing it remains effective against
body lice for three weeks or more and has proved invaluable in the
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control of typhus fever. It is used as a powder dusted intg the
hair in the control of head lice.

DDT is toxic to man and to other animals, although individuals

and species vary widely in their susceptibility. The danger lies in
ingesting the substance or in its absorption through the skin when
in oily solution. It does not irritate the skin so there is nothing to
signal that it is being absorbed.
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CHAPTER XXIV

FOOD CONTROL

We have considered food from the standpoint of diet. Under
food control we shall consider the adulteration and sanitation of
foods.

The prevention of food adulteration protects both the pocket-
book and the health. The pure food laws are believed to save the
consumers of the country more than fifty million dollars a year.
The fraud practiced in food adulteration may sometimes be harm-
less; but if the adulteration reduces the nutritive quality of a
food or adds some poisonous or infected substance, it injures health.

FOOD ADULTERATION

Nature and Cause of Adulteration.—-Food adulteration has now
become a highly specialized art. The man who adulterates food
employs the skill of the chemist and an ingenuity equal to that of
the theater ‘‘make-up man’’ in preparing his products. Coffee
has been found which consisted of molasses and flour molded into
the shape of coffee berries. American cottonseed anhd peanut oil
from the southern states have been sent abroad and refined, then
returned to us as pure Mediterranean Olive Oil. It is only by
combating the craft of the manufacturer with the skill of the
trained analyst that this type of food adulteration can be detected.

Pure Food Laws.—It is not the purpose of a pure food law to
prohibit the making of cheap foods or even of second quality
foods, but it does insist that these foods be sold for what they
really are and not passed off to the public for first quality mate-
rials. It is good to have second quality foods in the market if
they are clean and wholesome, because they are inexpensive. For
example, catsup made largely from tomato skins may be nearly as
good as that made from the fleshy part or inside of the tomato,
provided that the material is properly washed and sterilized, for
the difference in food value in a condiment is not important.
What is important to prevent is the use of dirty tomato skins pre-

334
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pared in an unsanitary manner or the sale of second-grade catsup
under misleading labels. The public is entitled to know what it is
buying. Often the difference between grades of canned and other
foods is merely a difference in the size of the fruit or the appear-
ance of the produect, and not a difference in the food value.

The most important law dealing with food control is the Fed-
eral Food, Drug, and Cosmetic Act of 1938, which prohibits the
adulteration and misbranding of these consumer goods. Tt con-
siders a food as adulterated :

1.

10.

11.

If it contains any poisonoys or deleterious substance which may render
it injurious to health. (Formaldehyde, arsenic, lead, salicylic acid, boric
acid, benzoate, or other substances which might be present in dangerous
amounts.)

. If it consists in whole or in part of any filthy, putrid, or decomposed

substance, or if it is otherwise unfit for food. (Oysters contaminated
with sewage, wormy figs.)

. If it has been prepared, packed, or held under insanitary conditions

whereby it may have become contaminated with filth, or whereby it may
have been rendered injurious to health,

. If it is, in whole or in part, a product of a diseased animal or of an

animal which has died otherwise than by slaughter.

. If its container is composed, in whole or in part, of any poisonous o1

deleterious substance which may render the contents injurious to health,

. If any valuable constituent has been in whole or in part omitted or

abstracted therefrom. (Skimmed milk.)

. If any substance has been substituted wholly or in part therefor.

(Cottonseed oil for olive oil, cane sugar for maple sugar.)

. If damage or inferiority has been concealed in any manner. (Lemon

extract colored with a yellow dye, bleached flour.)

. If any substance has been added thereto or mixed or packed therewith

80 as to increase its bulk or weight, or reduce its quality or strength, or
make it appear better or of greater value than it is. (Cocoa shells
mixed with cocoa or chocolate, watered milk.)

If it bears or contains a coal-tar color other than one from a batch that
has been certified under regulations promulgated by the Secretary of
Agriculture. (This paragraph does not apply to the coloring of ecitrus
fruits, if such color was commonly used prior to the enactment of this
law.)

If it is confectionery, and it contains any alcohol or nonnutritive article
or substance. (Candy containing metallic trinkets and other inedible
substances.) (Harmless coloring, flavoring, and resinous glaze not in
excess of*0.4 per cent, natural gum, pectin, and 0.5 per cent by volume
of alcohol derived solely from flavoring extract and harmless non-
nutritive masticatory substances in chewing gum are allowed.)
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According to the act, a food is misbranded:

a.
b.
c.

d.

[N
.

If the labeling is false or misleading in any particular.

If it is offered for sale under the name of another food.

If it is an imitation of another food, unless it bears the word ‘‘imita-
tion.”’

If its container is so made, formed, or filled as to be misleading.

If in package form unless it bears a label containing the name and place
of business of the manufacturer, packer, or distribator, and an accurate
statement of the quantity of the contents.

. If any word, statement, or other information required by, or under

authority of, this Act to appear on the label or labeling is not promi-
nently placed thereon with such conspicuousness and in such terms as to
render it likely to be read and understood by the ordinary individual
under customary conditions of purchase and use.

. If it purports to be a food for which a definition and standard of identity

has been prescribed by the Secretary of Agriculture, unless (1) it con-

forms to such definition and standard and unless (2) it bears the name

of the food specified in the definition and standard.

If it purports to be or is represented as

(1) a food for which a standard of quality has been prescribed, and its
quality falls below such standard unless the label so indicates;

(2) a food for which standards of fill of container have been prescribed
and it falls below this standard unless the label so indicates.

If (not subject to Paragraph g above) label fails to bear (1) the com-

mon or usual name of the food, if there be any, and (2) in case it is

fabricated from two or more ingredients, the common or usual name of

each such ingredient. (Spices, flavorings, and colorings may be desig-

nated as such without naming each.)

If it purports to be or is represented for special dietary uses, unless its

label bears such information concerning its vitamin, mineral, and other

dietary properties as the Secretary determines to be, and by regulations

prescribes as, necessary in order fully to inform purchasers as to its

value for such uses.

. If it bears or contains any artificial flavoring, artificial coloring, or

chemical preservative, unless it bears labeling stating that fact. (The
provisions of Paragraphs g, i, and k with respect to artificial coloring
shall not apply in the case of butter, cheese, or ice cream.)

The Act also defines and prohibits the adulteration and the mis-
branding of drugs and devices. It requires that the label of drugs
used by man shall indicate the presence of certain narcotic or
hypnotic substances and carry the statement ¢ Warning—May be
habit-forming.”’ Labels must also indicate the presence and the
amount of aleohol, bromide, acetanilid, atropine, arsenie, thyroid,
and certain other substances. This act also brings all cosmeties,
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except toilet soap, under control. It prohibits the false or mis-
leading labeling of cosmeties.

Law Enforcement.—The Federal law applies only to products
imported or for interstate shipment. For such products, inspee-
tions are made, and enforcement is secured by the United States
Department of Agriculture. Additional powers are given to the
Secretary of Agriculture for the control of food in interstate com-
merce, which may be injurious to health by reason of contamina-
tion with microorganisms. In such an emergency, the Secretary
is allowed, temporarily, to restrict the manufacture, processing,
or packing of such products to firms complying with his regula-
tions and receiving permits from his department.

The purity of foods produced and sold within the state is con-
trolled by special state laws, and these laws are enforced by state
officials. Individual states usually maintain a Division of Food
and Drugs under the State Department of Health. The samples
are collected in various parts of the state and analyzed.

The state laws are usually similar to the Federal Food and
Drug Act but frequently include additional regulations regarding
such locally-produced foods as milk, butter, or sausages.

Special standards for foods like milk, butter, and vinegar are
often set up by municipal ordinance, and such foods may be
examined in the city public health laboratory. The most common
local ordinance is that governing the sale of milk, the skimming
or watering of which is determined by a variation from the nor-
mal proportion of the constituents. In normal milk the various
laboratory determinations give approximately the following fig-
ures: sugar 4.7% fat 3.8%, total solids 12.8%, refractive index
37.5, solids not fat 9%, specific gravity 1.032, protein 3.6%, ash
0.7%. :

False Advertising.—A federal law in 1938 made it unlawful to
disseminate any false advertisement by the United States mails
relating to the purchase of food, drugs, devices, or cosmetics. The
law is administered by the Federal Trade Commission. It pro-
hibits any advertisement, other than labeling, which is misleading
in a material respect.

FOOD SANITATION

The three most important problems in securing clean food in-
volve the sanitation of milk, meat, and prepared food supplies,
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Milk.—This country produces more than 57 billion quarts of
milk a year, enough to fill a river 3,000 miles long, 40 feet wide,
and 3 feet deep. If it were put into quart bottles side by side, the
bottles would extend 140 times around the earth. The average
American citizen consumes about 190 quarts of milk a year or
over a pint a day, as fluid milk.

It is difficult to keep milk in a sanitary condition because it is
not a clear fluid but a suspension which hides dirt readily. It is
a good medium for the growth of bacteria and they increase
rapidly unless the milk is kept at a low temperature. In many
cases, milk must be produced at a considerable distance from the
point where it is finally used. Some of our large cities obtain
milk from farms 300 miles distant. It is particularly important
that milk should be kept clean, for it is the one animal food that
is consumed uncooked in great quantities.
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United States per capita fluid milk consumption. The figures cover the
rural and urban population and include cream in terms of milk equivalent.
(Courtesy Milk Industry Foundation.)

Bacteria which are not disease-producing cause two kinds of
changes in milk, putrefaction and fermentation. Fermentation
usually results from the growth of lactic acid bacilli which sour
milk by breaking down the milk sugar into lactic acid. Sour milk
is not injurious to the health. Indeed, specially fermented milk
has been recommended as healthful. When milk undergoes putre-
faction, the proteins are attacked by bacteria. Such milk is alka-
line in reaction and bitter to the taste. It may cause a disturb-
ance in digestion.
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Milk always contains many harmless bacteria but sometimes it
becomes contaminated with the germs of communicable diseases.
Everyone has heard of milk-borne epidemics. Animal diseases
which may be transmitted through milk include bovine tuber-
culosis, undulant fever, hoof and mouth disease, and various types
of streptococcus infection. The diseases of man which are trans-
mitted through milk include tuberculosis, typhoid fever, diphtheria,
scarlet fever, septic sore throat, and bacillary dysentery.

Milk must be produced from healthy cows, in clean stables, and
by sanitary methods to meet health department standards. It
must be kept cool and clean from the time it leaves the farm until
it reaches the consumer.

Pasteurization is the great safeguard against milk-borne diseases.
It should be required for every public milk supply. The holding
method consists of heating the milk to a temperature of 143° F. for
thirty minutes to kill most nonspore-bearing organisms. It is most
valuable when the milk is pasteurized in its final container. In the
flash method, the milk flows continuously and is heated to 160° F.
for fifteen seconds, after which it is cooled rapidly. Pasteuriza-
tion does not change the composition and taste of the milk, as
indicated in the accompanying chart.

It is easy to test the efficiency of pasteurization by a quantitative
phosphatase test. This enzyme, which is present in milk, is de-
stroyed at pasteurization temperatures. The health department
laboratory can also test milk for its bacterial content and its chemi-
cal and physical properties.

Boiling makes milk safe but it does change the taste and, to some
extent, the quality.

The United States Public Health Service has ‘issued a standard
milk ordinance that has been widely adopted. This ordinance
places the burden of safe milk on the local health officer and as-
sures sanitary standards of milk production, accurate labeling,
and careful supervision. Copies of this ordinance may be ob-
tained from the United States Public Health Service, Washington,
D. C.

Remade Milk.—Remade milk is a product that is being used by
hospitals and other institutions with good results. It is made by
mixing dehydrated skimmed milk (milk powder) and unsalted
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(Acme Newspicture)

Modern pasteurization machinery.

butter or milk fat with water in a homogenizer. By this process
milk may be dehydrated in dairy regions far from the cities and
remade in the large centers of population, producing a clean and
inexpensive product. Remade milk has a low bacterial count and
a good cream line. It is not easily distinguishable from fresh milk.

Condensed, Evaporated, and Dried Milks.—Many advantages
are derived from the partial or complete desiccation of milk. It
improves the keeping qualities by reducing the water content
below the point necessary for bacterial growth. The bulk is re-
duced and consequently the transportation charges. In this way
it is possible to preserve the seasonal surplus of milk or milk
produced in remote sections. Sanitary control and honest label-
ing are, of course, important.

Condensed milk is partially dried, pasteurized, but not sterilized,
and then preserved with 40 per cent sugar. It is an altered milk
product and cannot be made into a milk of normal proportions.
Sugar in this form is expensive.

Evaporated milk is unsweetened. It is heated to such a high
temperature that it becomes sterile or nearly so. Two processes
are used in the preparation of dried milk or milk powder. One
method requires the drying of milk in a partial vacuum at a com-
paratively low temperature. In the other process the milk is first
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concentrated in a vacuum and then sprayed into a hot chamber.
The product keeps well and has practically all the nutritive value
of fresh milk except that the ascorbic acid is reduced.

TIME AND TEMPERATURE FOR
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Meat.—Meat is inspected by federal, state and local health
agents, and in large abattoirs an inspection is made both before
and after killing. One reason for the inspection is to see that the
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animal is free from such diseases as tuberculosis, anthrax, trichi-
nosis, actinomycosis, tapeworm, and septie and pyemic conditions.
Later inspections of meat are to make sure that the meat has not
become decomposed or infected. Supervision of the processes of
slaughter is also made to see that the death of the animal is im-
mediate and painless, that there is an immediate withdrawal of
blood, that the intestines, hide, and hair are promptly removed,
and that there is immediate cooling.

Dangers in Meat.—The important health dangers from meat
are due to the following causes:

1. Trichinella spiralis, a small roundworm, infects man, hogs,
rats, and other animals. The larvae encyst in muscle tissue.
When infected pork is eaten raw or is not thoroughly cooked,
trichinosis develops in man. The larvae mature in the intestine
and produce young which, in turn, infest the muscles. Micro-
scopic examination of meat is fairly successful in detecting the
larvae. Trichinosis may be prevented by the thorough cooking
of pork and pork products.

3

(Keystone)
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Photograph of a thumb print and lipstick smear on an otherwise clean glass
shows the need for sterilizing glassware or using paper cups at soda fountains
or public eating places.

2. Tapeworms found usually in hogs (Z'aenia solium), beef
(T'aenia saginata), and fish (Diphyllobothrium latum) may infect
man. The pork, beef, and fish tapeworms infest the intestinal tract
of man when he eats food products that are infected with larvae
and are inadequately cooked. The personal prophylaxis against
infestation by these parasites consist of thorough cooking of the
food products.

Food Infection and Poisoning.—I"ood poisoning (sometimes im-
properly called ptomaine poisoning) may be caused by a poisonous
substance in food or by staphylococci, paratyphoid bacilli (Salmon-
ella), or the Clostridia of botulism which have grown on the pro-
tein constituent of the food. (See I'ood Poisonings and Food In-
fections in Appendix A.) Cream fillings in pastries and other
protein-containing foods which have been kept for some time, espe-
cially in warm weather, are common sources of food poisonings
from bacterial growth.

Oysters and other shellfish are a potential source of infection
of intestinal disecases. However, through a cooperative arrange-
ment between state health departments and the United States
Public Health Service strict regulations to prevent the pollution of
oyster beds and to safeguard the sanitary packing and the ship-
ping of oysters and other shellfish are enforced.
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We sometimes hear of people being poisoned by eating poisonous
mushrooms instead of the edible variety. Other plants that have
been implicated as causing human poisoning are sorrel, rhubarb
leaves, locoweed and sunburned, diseased, or unripe potatoes.

The spraying of fruits and vegetables with lead or arsenic-con-
taining insecticides results in at least the potential danger of lead
or arsenic poisoning. A wise precaution against such poisoning is
the thorough washing or removal of the skins of fruits or vege-
tables which have been sprayed. Poisoning has been caused by the
use of silver polish containing sodium cyanide and by the acei-
dental mixing of a poison with food during its preparation.

Food and Restaurant Sanitation.—We have mentioned milk-
borne epidemics. The germs of a variety of diseases may find
their way to meat and other foods through unsanitary food han-
dling. Such diseases include tuberculosis, common cold, influ-
enza, septic sore throat, scarlet fever, pneumonia, whooping

A test for the effi-
ciency of dish washing.
Colonies of bacteria grow
on surface of a drinking
glass which has been
coated with sterile agar.
The agar is prevented
from drying by putting
the glass in a battery
jar. (Courtesy of Milan
Novak and American
Journal of Hygiene.)
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cough, trench mouth, dysentary, typhoid fever, mumps, and
measles. Food infections may be caused by contamination of
edibles or dishes with the body wastes of rats or mice containing
the colon-typhoid group of bacteria or the causal organisms of
choriomeningitis or infectious jaundice.

An infected waiter or food handler may infeet food prepared in
the cleanest kitchen. The healthy carrier of a communicable dis-
ease is especially dangerous. The case of one such carrier, ‘‘Ty-
phoid Mary,’’ has become famous. This woman who was employed
at various places as a cook infected more than a score of persons
with typhoid fever before it was learned that she was a carrier.

Some health departments have required an annual health exami-
nation and eertification of food handlers. This is not universally
regarded as desirable, since it is not easy to make sure whether an
infection exists. It does, however, provide an opportunity for the
education of food handlers which, either in connection with certifi-
cation or elsewhere, is most desirable. Education is needed both in
personal hygiene and in the methods of handling food.

The sanitation of eating and drinking utensils is also important.
Individual paper containers solve the problem where they can be
used. To kill bacteria, dishes must be immersed in water at 180°
F. for at least two minutes. Many state health departments set
sanitary standards for dishwashing in restaurants.

Restaurant sanitation is a matter of considerable importance to
most of us. Nearly 25 per cent of all the food produced in the
United States is eaten in restaurants. Sixty-five million Americans
eat at least one meal a day in public places. In a recent twelve-
month period 23,765 cases of food-borne disease were reported, rep-
resenting 389 separate outbreaks or epidemics. And health officials
estimate that only about 5 per cent of diseases eaused by food filth
are reported.

In the study of 298 food-borne outbreaks, the diseases involved
were botulism, 9; chemical food poisoning, 8; dysentery, 7; food
poisoning, 157 ; gastroenteritis, 94; trichinosis, 7; typhoid fever, 10;
others, 6. Information on the type of establishment involved was
available for 264 outbreaks and showed the following distribution :
public restaurants, 49 outbreaks; schools and colleges, 38; food
shops, 31; hospitals and institutions, 29; industrial cafeterias, 19;
labor camps, 16; railroad train, 1; private homes, 50; private
parties, 14; picnies, 9; church suppers, 8. The likelihood of a food-
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borne outbreak being reported is, of course, much greater in a
school or industry than in a public restaurant.

An adequate restaurant code, like that available from the United
States Public Health Service in Washington, and constant restau-
rant supervision with respect to sanitary facilities, food storage,
and food handling is desirable in every community.

Food Preservation and Refrigeration.—The prevention of bac-
terial growth by drying or by the use of sugar, salt, or vinegar in
high concentration has long been used as a means of food preser-
vation. The commercial canning of food is now done on such a
scientific scale that spoilage is very rare. When it does occur, a
bulging of the can from gas formation indicates its presence.
Home canning is not carried out so scientifically and home-canned
foods, especially canned beans, spinach, and corn, should be re-
heated before consumption because of the danger of botulism.

Progress in the art of refrigeration during recent years has
made a great contribution to the variety of the year-around
American diet. Refrigeration plants and the transportation of
food at low temperatures on trains 'and airplanes have made
perishable foods, like fruit, meat, and fish more widely available.
Quick freezing, with temperatures at —25 to -35° F. and holding
temperatures at 0 to —10° I, is now carried out commercially
and in individual homes. This process of freezing produces small
crystals in the cells of the plant or animal tissues so that the cell
walls are not ruptured. The result is that these foods appear
firmer when thawed out than do foods preserved under slow
freezing. Little nutritive value is lost in the cold storage of
foods, but they do decompose rapidly when removed from re-
frigeration and they should therefore be consumed immediately.
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CHAPTER XXV
WATER SUPPLY

The average American city requires about 100 gallons of water
a day per inhabitant for domestic and other uses. Water has the
property of picking up dirt, and there are many dangers of pollu-
tion with human or animal waste.

Water-borne epidemics of typhoid fever, cholera, and diarrhea
have been so numerous in the past that people have a very keen
appreciation of the danger from polluted water. Although free-
dom from disease germs is the most important characteristic of
good water, there are many uses of water outside the diet and
many factors to consider in planning a public water supply.

What Is Good Water?—The characteristics of a good water
supply may be enumerated as follows:

1. It should be free from the germs of infectious disease.

2. It should be free from poisonous metals, particularly lead.
It is well known that lead is a cumulative poison which is readily
taken up by the body in small quantities, producing serious ef-
fects, particularly upon the stomach and the nervous system.
‘“Painter’s colic’’ and ‘‘wrist-drop’’ are typical symptoms of this
type of poisoning. The solvent power of water upon lead pipe
depends upon its acidity. Swampy or peaty waters are the worst
offenders. The use of lead pipe is dangerous.

3. The water should be of suitable temperature, certainly less
than 80° F. If the water is too warm, it will not be used in suffi-
cient quantity for drinking purposes.

4. The water should be low in color to be acceptable. Color is
harmless, but a highly colored water will not be generously used.
Filtration through sand reduces color.

5. It should be clear, i.e., free from suspended matter, like sand
or clay. Sedimentation and the use of a coagulant reduces
turbidity.

6. It should be odorless. The odor of water most frequently
comes from small or microscopic plants which grow in the lake or
reservoir and are entirely harmless. The odors they produce,
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The sanitary drinking
fountain throws the water
at an angle which does not
allow it to fall back upon
the bubbler.

however, are distinetly
disagreeable and may
make the water offen-
sive. Aeration removes
odors.

7. The water should
not be too hard, since
qard water makes laun-
dering particularly dif-
| ficult. This difficulty is
caused by the reaction
of the caleium or mag-
nesium salts of hard
water in displacing the
sodium of soap. Such
a reaction forms a precipitate of the salts and enough soap must
be added to use up all the caleium and magnesium in the water
before any lather is produced. Hard water is, therefore, unpleasant
to use on the flesh and is costly for laundering purposes. Added
chemicals (lime and sodium earbonate) will precipitate the caleium
and magnesium salts and reduce the hardness of water.

8. It should be practically free from iron. Iron salts will stain
or rust clothes in the laundering process.

Sources of Water Supply.—There are two kinds of water sup-
plies, surface waters and ground waters. We can better appre-
ciate their differences if we follow the history of water after it
has fallen as rain. Rain may fall directly into rivers or lakes,
or it may reach them by running over the surface of the ground.
More often it reaches them by soaking through the soil just be-
neath the surface, for ground water is always in motion, moving
from 0.2 foot to 20 feet per day, toward visible or underground
rivers or in the direction of their flow. Water taken directly from
rivers and lakes or temporarily stored in reservoirs constitutes a
surface water supply.

(Ewing Galloway)
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Surface Water that has washed over the ground and harbors
innumerable plants and animals, naturally contains many things
besides hydrogen and oxygen; in fact, chemically pure water is
difficult to secure even in the laboratory. In nature water that
appears very clear to the eye may reveal many things upon chem-
ical and microscopic examination. Water contains dissolved oxy-
gen, used by the fish and other animals in respiration, nitrates and
other salts used by plants, carbon dioxide and perhaps ammonia,
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Underground water moves slowly toward streams or lakes. Cesspools should
be so located that wells will not be contaminated by their drainage. The
danger of pollution is less in sand and gravel soil, but these may finally be-
come saturated and permit infection.

marsh gas, and other chemical substances. Microscopic examina-
tion, reveals particles of dirt, bacteria, minute plants and animals,
bits of wood, and fibers of many kinds. If this water passes over
polluted ground, filth and disease germs are also collected.
Ground Water is obtained from wells of various depths and may
be free from many of these substances, which are caught and held
back as the water strains through the soil. Sand or gravel is the
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best filter for water, and in passing through 100 feet of sandy
soil, water will be purified for a considerable period. However,
even this soil will become polluted, and a well 100 feet from a
privy or other source of pollution will be endangered. When in
place of sand we have a broken formation, as is the case with
limestone or some types of ledge, there may be a break having a
rivulet by which pollution may reach the well directly.

The difference between surface wells and deep wells is one of
character and not one of depth. A surface well is one that does
not reach through the first impenetrable layer of soil; a deep well
goes through the impervious layer and furnishes its water from
the water table. A deep well may be a quiet well from which the
water is pumped, or it may be an artestn well from which the
water flows freely. The artesian well is produced by a water
pressure beneath the impervious layer of soil which is sufficient
to throw water to the surface.

Well water has been used for generations. It is usually clear,
cold, and sparkling, and most people share the opinion that well
waters are almost always safe. The contrary, however, is fre-
quently the case, especially where polluted surface water can
wash in around an imperfect covering to the well or where the
soil is heavily polluted. In fact, a clear and sparkling water may
be more dangerous than the yellow and foul-smelling water of a
stagnant pond, for, as we shall see later, water purifies itself by
storage. Any student of bacteriology knows that a glass of water
may contain thousands of typhoid bacilli without showing the
slightest trace of sediment. In China practically all wells are
polluted and the people escape intestinal diseases by their tea-
drinking habit, that is, they avoid the drinking of water that is
not boiled. The water from deep wells is usually more reliable
than that from shallow wells, because it has been in the ground
longer and has worked its way through the soil for a long distance.

TESTING A WATER SUPPLY

A careful examination is necessary to determine the quality of
a water supply. Such an examination includes four factors: (1)
a study of the environment, (2) a bacteriologic examination, (3) a
microscopic examination, and (4) a chemical examination.
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1. Environment.—In order to estimate the value of water, the
sanitarian must know the nature of the water shed from which it
comes; that is, the number of inhabitants in the drainage area,
and the nature of the soil and slope of the drainage basin. A
laboratory examination of the water at some particular time might
be satisfactory; and yet if the water came from a populous dis-
trict with a clay soil and steep slopes, a heavy rain might wash
great quantities of pollution into the stream or lake.

2. Bacteriologic Study.—The second step is the bacteriologic
examination of a properly secured sample of the water. By plat-
ing out the water in gelatin or agar the total number of bacteria
may be determined, and by using different temperatures for in-
cubating the Petri dish plates the number of water bacteria can be
contrasted with the number that grow well at body temperature.

Tests* are also made to determine the number of colon bacilli
in the water. It is not easy 1o detect typhoid bacilli or other dis-
ease germs when they are present, but the colon bacillus, which is
a normal inhabitant of the intestines, is easy to discover, and its
presence gives a good indication of the pollution or purity of the
water in question. Of the various bacteriologic tests that are
made, the total bacteria count and the presumptive test for colon
bacilli are the most important.

3. Physical Tests.—The physical tests made on water include
an examination for odor, temperature, color, and turbidity.

The color is expressed in parts per million and is determined by
comparing the water with a platinum-cobalt standard. True color
is produced by substances in solution, many of which come from
vegetable tissues soaking in the water.

The turbidity is likewise expressed in parts per million and is
usually determined by comparing the water with a standard sus-
pension of silica. It is produced by finely divided suspended mat-
ter like clay, silt, and microscopic organisms.

The odors are described as fishy, vegetable, aromatic, grassy,
earthy, moldy, musty, disagreeable, peaty, or sweetish. They are
caused by decomposing organisms, fermenting material, or such
gases as hydrogen-sulfide and methane. Many tiny green plants,
particularly the diatoms, have very distinctive odors.

*Laboratory directions for making a complete water analysis may be found
in Standard Methods of Water Analysis, published by the American Public
Health Association.
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It will be seen from the foregoing discussion that the physical
examination of water tells much about its condition but little
about its sanitary quality.

4, Chemical Tests.—The most important chemical tests from the
point of view of sanitation are the tests for nitrogen in its various
forms and the test for chlorine. The nitrogen tests give us an
index of the quantity, the nature, and the freshness of pollution
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by nitrogenous waste material. The test for chlorine is a valu-
able indicator of pollution, for in soils free from salt deposits the
only source of chlorine, except for salt mists brought in from the
ocean, is the sodium chloride waste of the body.

Nitrogen and the Nitrogen Cycle—To understand the meaning
of the nitrogen tests we must recall for a moment the story of the
nitrogen cycle. We find this important element going through an
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endless chain of changes. Inorganic nitrogen is taken up by
plants in its simple inorganic condition and transformed into
plant protein from which, in turn, it is transformed into animal
protein by herbivorous animals. When these complex proteins
from living animals are left exposed in the air or in water, they
return to their simple condition by a series of definite oxidation
processes. In this series of changes the nitrogen is found consecu-
tively in complex proteins, albuminoid substances, ammonium
salts, nitrites, and nitrates. A species of bacterium carries out
each of the last two steps. Ammonium compounds are acted upon
by Nitrosomonas and oxidized to nitrites. Nitrites are oxidized by
Nitrobacter to nitrates. In a chemical analysis of water we can
determine the amount of nitrogen in these various compounds.

The test for nitrites is particularly valuable because the test
itself is sensitive and because nitrogen passes through the nitrite
stage quickly. The analysis will readily determine the presence
of 0.01 part of nitrites per million. Even this small quantity
shows clearly that organic substances are being broken up in the
water. This is an indication of fresh pollution, for if the pollu-
tion were remote, the nitrogen would be found in some of its more
stable compounds.

The test for free ammonia determines the amount of nitrogen
present in the water as ammonium salts that are readily driven
off on the direct distillation of slightly alkaline water. A large
amount of free ammonia also indicates pollution, although it may
be remote,.

The test for albuminoid ammonia measures the amount of am-
monia set free from nitrogenous organic matter by the action of
boiling alkaline potassium permanganate. This is a good index
of the amount of easily decomposable organic matter in the water.
It may come from plant substances or from animal wastes, but
when it is from a vegetable source, the water is usually colored
and the nitrogenous material is more stable. It follows, therefore,
that a colorless water should contain less albuminoid ammonia
than the yellow waters of natural storage reservoirs.

Nitrogen in the form of mitrates is the final product of the
process of oxidation or mineralization. Nitrates are the stable
compounds used as food by plants in building up the nitrogen to
the organic form. A high concentration of nitrates indicates that
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a great quantity of nitrogen has gone through the mineralizing
process; a high figure thus indicates pollution even though it be
remote. (ood ground water may contain more nitrates than sur-
face water because the nitrates of ground water are not used by
growing plants.

By a continued study of water supplies of various sorts a set
of standards or limits can be set as to the amount of these various
substances a good water may contain, although in every case, the
final interpretation of the chemical analysis should be made by
an expert. In general, safe water should not contain more of
these substances than is indicated in the following table:

NITROGEN LIMITS IN A SAFE WATER SUPPLY

Expressed in Parts Per Million

Nitrogen as albuminoid ammonia, colorless water, 0.15; colored water, 0.4
Nitrogen as free ammonia 0.15

Nitrogen as nitrites 0.01

Nitrogen as nitrates, surface water, 1.0; ground water, 2.0

Chlorine.—Chlorides occur mostly as the sodium salt, and its
concentration is usually expressed in terms of chlorine. As pre-
viously stated, waters coming from soils free from salt deposits
receive chlorine from only two sources: salt mists blown in from
the ocean and animal wastes, principally urine. (Human urine
contains about 1 per cent sodium chloride.) 1t therefore follows
that unpolluted waters near the ocean contain more chlorine than
waters some distance from the coast. By analyzing many samples
of waters of known purity in various parts of a coast state, the
normal amount of chlorine for each particular district can be
determined, and if a suspected water contains more than the
‘““normal’’ amount of chlorine, it may be justly concluded that
the excess amount has been derived from pollution. It will be
seen that it is not the number of parts per million of chlorine
but the relationship of the amount of chlorine to the ‘‘normal’’
which is taken into consideration in interpreting this chemical
test. (This discussion of chlorine from chlorides bears no rela-
tionship to the use of chlorine gas to kill bacteria in water.)

5. Microscopic Analysis.—We have seen that disagreeable tastes
and odors commonly arise from the presence of microscopic plants
in water. Their presence can be detected by straining some of
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the water through sand and then washing the microscopic organ-
isms from the sand and examining the wash water under the
microscope. Treating the water supply with copper sulfate kills
the objectionable plants and prevents the disagreeable tastes and
odors.

By the above-mentioned tests the sanitary and aesthetic quality
of a drinking water supply can be accurately determined, and by
special tests for hardness and iron, its fitness for industrial pur-
poses can be estimated. It is hardly necessary to repeat that the
quality of a drinking water cannot be determined by its appear-
ance to the naked eye.

WATER PURIFICATION

It frequently happens that safe water supplies are not available
and some method of purifying the water must be adopted. There
are three important methods in general use: (1) Storage, (2)
Filtration, and (3) Chlorination.
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Section through a slow sand filter. The water soaks through the fine
sand, the coarse sand, and the gravel, entering the open tiles which carry it to
a collecting basin.

Storage.—Storage is the natural way of purifying water. It is
the method utilized by man in securing water from lakes and
reservoirs. Bacteria and other particles settle to the bottom of
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Interior of rapid sand filter. You will see water standing in the filter at the
right. '

standing water and the bacteria themselves die of starvation or
are devoured by other organisms.

The self-purification of rivers and lakes is largely a biologic
process. Bacteria break down the organic substances of pollu-
tion, and are themselves used as food by protozoa. The protozoans
in turn are devoured by small erustacea and other higher animals,
which are suitable food for fish. Microscopic green plants use
nitrates and, in daylight, take carbon dioxide and throw off oxy-
gen, Still water purifies itself mueh more rapidly than running
water, because in the latter case the plants and animals which
assist in purification processes are swept away while in still water
they accumulate in enormous numbers.

The storage of water is inexpensive except where there may be
a high cost for reservoir construction. Experiments indicate that
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all the disease germs usually die in water that has been stored
for a month at summer temperatures. The germs live longer in
water at low temperatures and may remain alive frozen in ice for
many weeks.

Filtration.—There are two types of filtration for drinking water,
slow sand filtration and rapid sand filtration. In the construetion
of a slow sand filter a concrete floor is first laid down and drains
with open joints are laid upon it, the joints being covered with
small rocks. Then the whole filter bottom is covered with gravel

Two master automatic chlorinators. (Courtesy Wallace & Tiernan Co., Inec.)
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to a depth of several inches and on top of the gravel is placed a
layer of sand about 3 feet in depth. In cold climates the whole
structure is placed low in the ground and roofed over with a eon-
crete roof that is covered with soil. This precaution is necessary to
prevent the surface from freezing during the winter months.

A filter such as the one at Washington, D. C., consists of large
units of about one acre each in area. The water is run onto the
sand to a depth of 3 or 4 feet, filtering rapidly. One acre of filter
surface is capable of filtering from 3 to 5 million gallons of water
per day. This process removes 99 per cent of the bacteria and
suspended particles and reduces the color 30 per cent. A descrip-
tion of the biologic principles of the slow sand filtration is in-
cluded in the chapter on Waste Disp¥sal.

The rapid sand filter or ‘‘mechanical filter,”’ or ‘‘American
filter’’ as it is sometimes called, is designed to accomplish the
purification process with much less sand area. In this process a
coagulant is first added to the water to produce a chemical pre-
cipitate. The substances commonly used are lime and alum which
react to produce aluminum hydroxide. These chemicals are thor-
oughly mixed with the water and then sent to a storage tank,
where the precipitate settles to the bottom earrying down most
of the bacteria and dirt suspended in the water.

From the top of this tank the water is drawn off to the filter,
which in principle of construction is similar to ‘the slow sand
filter except that it is much smaller in area and is enclosed in a
concrete bin. This filter is also supplied with devices which make
it possible to wash the surface of the sand by forcing water back
up through the filter. This washing process must be carried out
frequently, since the coagulant collects on the top of the sand and
clogs the filter. The bacterial efficiency is about 98 or 99 per cent,
and it operates at the rate of 125 million gallons of water per acre
per day.

Household filters (Berkefeld and others) are purchasable; but
they are slow and require careful operation, as well as frequent
cleaning. They are not highly recommended.

Chlorination.—This is the third important method of purifying
water. Chlorine is added in the form of gas liberated from tubes
of liquid chlorine. Various chlorinating devices are on the market.
Sufficient chlorine must be added to kill the nonspore-bearing
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bacteria, and care must be taken to avoid adding so much as to
give a disagreeable taste to the water. The amount necessary to
disinfect a water depends upon the amount of organic matter
present.

Emergency Treatment of Drinking Water.—Occasionally the
traveler or camper must use drinking water of doubtful purity.
The simplest and safest expedient for killing infectious bacteria
is to boil the water for five minutes. Many people dislike the taste
of boiled water, especially if it cannot be made cold after boiling.
The flat taste is mainly due to the expulsion of the dissolved
gases. Shaking the water to get some air into it will improve the
taste. The boiled water may be used in making tea or some other
hot beverage with a distinctive flavor.

Sometimes the traveler, hunter, or soldier must partake of
water that is likely to be impure where there is no opportunity to
boil it. There are special chlorine-containing tablets on the mar-
ket for use in disinfecting small quantities of water. The same
disinfection may be obtained by using two drops of tincture of
iodine to a quart of water. Mix well and allow the water to stand
for thirty minutes before using.

There is no method for disinfecting small quantities of water
which is as simple, safe, and sure an expedient as boiling.
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CHAPTER XXV1
WASTE DISPOSAL

Fundamental facts and important principles involved in the
disposal of sewage and garbage will be discussed in this chapter.
No attempt is made to present the engineering aspects of the
subject. Rural and residential problems are discussed, for those
who are not sanitary engineers may need to know the methods
applicable at a camp, a cottage, or an institution in which they
may be interested. ¢

SEWAGE DISPOSAL

Sewage is the material discharged into the sewers of a city or
community and should not be confused with the word sewerage
which pertains to the sewer pipes. Sewage is the waste material
and sewerage the piping system which carries the sewage.

Efficient design and installation of the sewerage system and
efficient plumbing in buildings are both important. Many epi-
demies have been traced to ‘‘eross connections.”” In some cases
faulty plumbing has resulted in back pressure, or back siphonage,
within a building and has forced sewerage or waste water into the
water supply. In other cases water from an auxiliary emergency
supply of polluted water intended for use only in fighting fire has
leaked into the water supply through a faulty cross-connection
valve.

Our consideration will be directed mainly to domestic or house-
hold sewage, which consists chiefly of excreta mixed with the
sink wastes, and other waste waters leaving the house. It has a
high content of waste protein, with some carbohydrate and a
small amount of fat. In city sewage there are also street wash-
ings and industrial wastes.

In a previous chapter we have seen that lack of care in dis-
posing of sewage from houses where there are cases of intestinal
disease may result in serious epidemics. Innumerable organisms
of such intestinal diseases as typhoid, cholera, dysentery, and

360
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paratyphoid are discharged in the feces of the patient and may
remain alive for many days, and even weeks. Whenever drinking
water, milk, or food becomes contaminated by the discharges from
these patients, there is a possibility of spreading the disease.
Thus the first and most important problem in sewage disposal
is to take such care of excreta that there will be no opportunity
for spreading infection. We must also take care of sewage in
such a way that it will not produce a nuisance in the community.

Chemical closet. (Courtesy Dail Steel Products Company.)

Direct Disposal.—Sewage may be disposed of either directly or
by purification. In cities located on the seashore or on great
rivers and lakes, disposal by dilution or the direct discharge of
sewage into a large body of water is possible. A stream can
purify about one-fiftieth of its own volume of raw sewage. In the
woods or on farms excreta may be covered with soil; but in very
large cities and in areas where all the streams are used as drink-
ing water supplies, some other method of purification must be
employed.

Chemical Purification.—Artificial methods of sewage disposal
involve either chemical or bacteriologic purification. In chemical
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Gate house and intermittent sand filter for sewage filtration. (Courtesy
R. 8. Weston.)

purification some chemical like chlorine or a strong alkali or acid
is added to the sewage to disinfect it. The only process of chem-
ical purification of importance to the readers of a general text is
the use of the chemical closet in isolated homes or in camps.

The chemical closet may be located inside the house or in a
separate building. It consists of a jar or an iron tank placed
under a toilet seat and containing a strong solution of caustic
soda which disinfects and partly dissolves the excreta that reach
the liquid. These closets are practically free from odor. They
are made extensively in this country and may be obtained either
as a single unit, consisting of a single seat, or as a large unit with
several seats over the tank. Such installations are now used in
many boys’ camps and in hunting camps.

Bacteriologic Purification.—There are two widely different proc-
esses for the bacteriologic purification of sewage, the aerobie and
the anaerobic. It is the presence or absence of free oxygen that
determines which of these processes will take place.

Aerobic Processes.—Mention has been made of the biologic
principles of aerobic purification in reference to the nitrogen
cycle and the discussion of the chemical water analysis. When
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Sprinkling or trickling filter. (Courtesy R. 8. Weston.)

enough oxygen is supplied to sewage, as it is being broken down
by the bacteria contained within it, much of the nitrogen is con-
verted into nitrates through the various descending steps of the
nitrogen cycle. Carbon dioxide is also produced in large quan-
tities. When the process is completed, the solid residue of the
sewage (sludge) has somewhat the consistency of humus soil.
Practical applications of this principle are found in intermittent
sand filtration, rock filters, and aeration.

1. Intermittent Sand Filtration.—Sand beds as they are now
constructed are usually about one acre in area and from 4 to 5 feet
deep. In making such a bed, underdrains of tile with open joints
are first laid. The joints are protected with rocks and gravel to
prevent the drain from becoming clogged. Then coarse sand is
placed over the drain to a depth of 2 or 3 feet and fine sand is
used for making the top of the filter. The bed is flooded with
sewage to a depth of a few inches and then permitted to dry. A
‘‘breathing space’’ of several hours is allowed before the next dose
of sewage is put on the bed.

The reason for this intermittent method of dosing the sand bed
becomes apparent upon a consideration of the biologie prineciples
involved. It is found that, as the bed is used, the sand grains near
the surface become coated with a gelatinous growth of the oxidi-
zing baeteria which purify the sewage. This gelatinous coating
of the sand grains makes the filter more tight, and as the coating
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becomes heavier with increased numbers of bacteria, the efticiency
of the filter rapidly increases. These are aerobic or oxygen-
breathing bacteria, and it is therefore necessary to let the filter
rest or ‘‘breathe’’ long enough for oxygen to penetrate into the
bed between intervals when it is flooded with sewage.

A good intermittent sand filter will remove 99 per cent of the
bacteria of sewage and effect a very high degree of purification.
In fact, the effluent from such a filter is almost a ‘‘drinking
water’’ effluent. A filter bed one acre in area will treat from fifty
thousand to one hundred thousand gallons of sewage per day. In
other words, one acre of filter will provide sewage treatment
facilities for about six hundred peopie.

2. Sprinkling Filters—Sprinkling or percolating filters treat
sewage much more rapidly than intermittent sand filters. They
make use of the same biologic principle of aerobic bacterial ac-
tion, but the purification which such filters effect is not as com-
plete as that in the sand filter. They are from 6 to 8 feet deep
and are composed of broken stone, coal or coke, with an effective
size of from 1 to 8 inches. This broken stone is placed upon a
conerete floor that is properly drained. The sewage is forced onto
the bed through sprinkler nozzles that spray the sewage into the
air in much the same way that water is thrown into the air by a
lawn sprayer. This allows the sewage to accumulate oxygen from
the air and remain continuously in contact with the air as it
trickles over the rocks of the porous filter.

Sprinkling filters if properly constructed and operated may be
depended upon to remove from 70 to 90 per cent of the bacteria
and to produce a nonputrescible liquid effluent. This effluent,
however, contains suspended solids which easily settle out. The
average rate of filtration in American filters of this type is about
two million gallons per acre per day.

3. Aeration.—A more recent development in the treatment of
sewage by the aerobic process involves bubbling air through the
sewage as it passes through a deep tank. A few inches above
the real bottom of such a tank there is a false bottom, which
contains many square plates of porous tile. Air is pumped into
the space between the two floors and is forced through the porous
plates in fine bubbles which make their way through the sewage
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BACTERIAL ACTION IN THE AEROBIC AND ANAEROBIC PROCESSES

Aerobic Decomposition Anaerobic Decomposition

CO, CH,, CO,, N, NH,, H.S,
SEWAGE
Nitrites ﬁlbuminoid Carbohbd
mmonia arbohydrates

\Proteins

Free Fats 7

Nitrates Ammonia

Sludge Sludge

to the top of the tank. By continually forcing air through the
sewage, the small particles of sludge soon become ‘‘activated’’
by the accumulation of mineralizing bacteria so that the rate of
nitrate formation becomes exceedingly rapid. The process removes
from 80 to 90 per cent of the bacteria, forms an effluent of high
quality, and leaves a nonputrescible sludge of good fertilizer value.

Anaerobic Processes.—The anaerobic decomposition of sewage,
which takes place whenever sewage is stored in large tanks, is a
very different process. Under these conditions the available oxy-
gen is soon used up by the aerobic or free-oxygen-breathing bac-
teria. Such bacteria soon die for want of oxygen, and there re-
main only the anaerobic bacteria: those which are able to wrest
their oxygen from the organic compounds undergoing septic ac-
tion. Nitrogen gas, ammonia, hydrogen sulfide, carbon dioxide and
marsh gas are produced. This process results in the reduction of
the quantity of solids but leaves a residue or sludge which is tarry
in consistency and appearance and is further putrescible. The ac-
companying diagram contrasts the anaerobic and aerobic processes.

1. The Cesspool.—A familiar example of the anaerobic purifica-
tion of sewage is the leaching cesspool which is usually built like
a well with sides of large stones between which the water may
pass into the surrounding soil. The sewage solids accumulate at
the bottom of this tank and are greatly reduced in volume by the
septic action of bacteria.

2. The Septic Tank.—Sometimes a tank with tight cement walls
is used instead of the leaching cesspool, and there is an even bet-
ter opportunity for anaerobic action to take place. Here as in
the old style cesspool, the quantity of solids is greatly reduced, but
residue must be occasionally removed. The liquid is drawn off
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from near the top of the tank to be further purified or discharged
into a body of water.

3. The Two-Story Tank.—The most important type of two-story
tank is the Imhoff tank. The sewage flows slowly through the
upper chamber, and the solids settle to the bottom, passing through
the narrow slot into the lower or sludge digestion chamber. It is
in the lower chamber that the septic process takes place, and there

« Effluent Pipe
D

Influent _
Pipe

|

R

Diagram illustrating the principle of the Imhoff tank. The water flows
through the upper chambers of the tank, 4 and B, the flow being reduced by
the baiffles, G; the upper chamber is separated from the lower or sludge diges-
tion chamber, C, by the partition, F.; the solids scttle out through the slot, J,
and the gases escape to the right, D, being separated from the fresh sewage.
K is a baffle, H is a screen.

is an advantage over the single-story tank in that the gases pro-
duced are prevented from passing through the fresh sewage. The
result is that the effluent of such a tank has been freed from solids
without losing its dissolved oxygen, and it is therefore more easily
purified further by filtration or dilution. The sludge digests for
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several weeks in the lower chamber and is finally pumped out
and allowed to dry, after which it is disposed of on waste or agri-
cultural land. :

Final Disinfection.—Chlorine disinfection is frequently used in
municipal plants, discharging the effluent into a running stream.
The reason for this is that there can be no absolute certainty that
the various processes of sewage disposal will eliminate all disease
bacteria. In some cases calcium hyperchloride is used as a dis-
infectant. Where there is a separate sewage disposal installation
for institutions, such as hospitals, continuous disinfection of the
effluent is commonly recommended by sanitary engineers.

Dried Imhoff tank sludge, Atlanta, Ga. (¥From Fitzgerald: Practice of
Preventive Medicine, The C. V. Mosby Co.)

Posgibilities and Limitations of Sewage Purification.—In actual
practice two or more purification processes may be used jointly,
and other devices, like grit chambers to remove the sand, and fine
or coarse screens to remove part of the solids, may be added. The
sewage of a city might pass successively through screens, septic
tanks, and a trickling filter, after which the effluent might be dis-
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Intrenchment Creek sewage disposal plant, Atlanta, Ga. The sewage enters
at the extreme right of the picture passing through a mechanically cleaned
screen and then through a grit chamber where gravel and sand settle out. The
sewage then goes to the aerator where its oxygen content is increased, after
which it goes to a clarifier. In the clarifier the solids settle out from the
liquid to form a sludge which is sent to the sludge digestor, thence to the
drying bed (left center) from which it is removed by truck. The liquids from
the clarifier go to dosing tanks from which they are sent to the fixed nozzle
sprinkler filter beds in the middle of the picture. From the sprinkling filters
the liquids go to an aerator and then to a secondary clarifier from which they
go to the stream in the foreground. The sludge from the secondary clarifier is
pumped back into the primary aerator. (Courtesy Department of Construe-
tion, City of Atlanta. Photo by Edgar Orr, Atlanta.)

infected with chlorine before being allowed to flow into a lake
or stream. The sanitary engineer must propose a treatment in
each case which is adapted to the sewage itself and to the con-
dition and location of the city.

A good example of purification may be found in the city of
Brockton, Mass. Brockton is an inland city of approximately
65,000 population. It is not located on or near any large lake or
river. The sewage is purified by sprinkling filters and then by
slow sand filtration, after which the effluent is carried into a small
brook. The average daily flow of this brook in summer is only
a half million gallons a day, but so completely is the sewage pur-
ified that two million gallons of sewage effluent are received daily
hy the little brook without producing a nuisance. Moreover,
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studies upon the self-purification of this stream show that the
final processes of purification are carried out so swiftly that two
miles below the point where the sewage effluent enters, the stream
has regained its normal appearance.

It is possible to purify sewage and discharge the effluent into a
stream that is to be used again soon as a city water supply, pro-
vided the second city adopts proper methods of purification for
its drinking water. If such a process of purification is necessary,
it is better to have sand filters between the sewage and the water
supply than to rely upon other methods of purification or disin-
fection.
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Pit toilet. (Designed by the Texas State Department of Health.)

Rural Sanitation.—The city has a municipal water supply and
a sewage disposal system, both of which are under the supervision
of expert sanitary engineers. In the country each family has its
own source of water and its own method of waste disposal.

The disposal of human excreta must be so safeguarded that
water and ice supplies will be protected from pollution. Milk,
small fruits, and vegetables must be protected from contamina-
tion. Flies, vermin, and domestic animals are capable of spread-
ing infectious material, and must be kept away from all excrement.
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The three most practicable methods of dry disposal are the pit
privy, the receptacle privy, and the chemical closet. Wet disposal
methods include the cesspool, the septic tank, the Imhoff tank,
and subsurface irrigation.

The pit privy is the simplest arrangement that meets the re-
quirements of sanitation and privacy. It may be used on farms,
at camps or hunting lodges, or on engineering construction jobs
if they are remote from the water supply sources. Particular care
must be taken to prevent the access of flies, rodents, hens, and pigs.

The essential elements of a proper pit privy include a pit of
proper depth and capacity and a tight superstructure so designed
as to prevent the passage of fi%s to or from the pit. The privy
house should have a floor above the ground level, a door, lids that
close automatically when not in use, and durable screens over all
openings. Waste, other than excreta, should be excluded from the
pit or vault.

The shallow temporary pit latrine may be used by troops on the
march or by temporary construction gangs where there is not
ample time to build a privy house over the pit. It is kept dry
with dry earth or is sprayed with a coal-tar preparation to keep
away flies and rodents, and once a day crude oil and straw are
burned in it. When no longer used, it is filled in with earth.

The bored-hole latrine is used in many tropical countries. It is
a deep hole about 16 inches in diameter and about 20 feet deep.
It is made with a posthole auger and reaches down to the ground-
water level.

The receptacle privy has a can, pail, box, or tray substituted for
the pit or vault. The receptacle usually has a capacity of about
two cubic feet. It must be removed frequently and replaced by a
clean receptacle having an inch or more of sawdust or dry earth
on the bottom. It should be kept dry by the daily addition of dry
earth or sawdust. It may be handled from inside or from the rear
of the privy house. The privy should be fly-tight.

The chemical closet has already been discussed.

The cesspool, which has already been described, is probably the
most common device for wet disposal. The septic tank is simple to
use and is always preferred where there is any danger of infect-
ing a water supply, as by seepage from a leaky cesspool. The
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more elaborate construction of the Imhoff tank is sometimes found
in larger institutions, such as schools, hospitals, or hotels, which
are not accessible to a sewerage system. The use of specially de-
signed septic tanks or Imhoff tanks of suitable size for a single
dwelling is being urged by many state departments of health.
Trickling filters or sand filters are sometimes installed for large
houses or institutions, but they require the services of an expert
in design and regular supervision in operation.

Subsurface irrigation is also employed in sewage disposal. The
effluent from a septic tank flows into lines of open-jointed tiles laid
from 8 to 15 inches below the surface of the soil. This is a good
method to employ, provided the soil is relatively dry sand or gravel.
The sewage has an appreciable storage time in the tank, then the
liquid passes over into the dosing chamber from which it is dis-
charged into the tile, soaking into the ground through the open
joints. It is delivered intermittently from three to six times a day
by a siphon. The tile is usually 3 or 4 inches in diameter. It is
laid with a gradient of from 2 to 6 inches per hundred feet, and
its open joints are covered with tarred paper. During times of
storm the soil is so completely saturated with water that ready
disposal is difficult.

Excellent pamphlets dealing with rural sanitation may be se-
cured from state health departments.

Disposal of Garbage.—Kitchen waste should be collected in
metal cans having tight covers, and should be kept free from
ashes and other material. The can should be emptied often and
serubbed with hot water and soap. Its care will be greatly facil-
itated if it is kept lined with several thicknesses of old news-
papers. While small amounts of garbage may be easily burned
in the kitchen range, there is risk of odor. Electrically operated
garbage disposal units are now installed in the modern sink to chop
or grind the garbage and flush it into the waste pipe. Garbage
may be buried in the soil. )

An economical method for the disposal of garbage by the farmer
or in small towns is to feéd it to hogs. Before it is fed, however,
the garbage should be cooked to prevent the spread of trichinosis
and hog cholera.



Some large cities incinerate
garbage along with rubbish. An.
other process involves the cook-
ing of garbage with a grease
solvent. The cooking process
separates an appreciable amount
of grease which is later re-
covered by evaporation of the
solvent. The grease is sold as a
basis for the manufacture of
low-grade soap. The tankage or
material left in the tank at the
end of the cooking process has
value as & fertilizer base. The

(Keystone)  Droceeds from these products re-
Modern sanitary truck of New York City turn an apprec.iable part ,Of the

Sanitation Department. cost of operating the disposal

plant.

Disposal of Manure.—The chief sanitary difficulty involved in
maintaining a barn or stable is that cow and horse manures offer
favorite breeding places for the common housefly. It takes about
ten days for the larvae to develop. The manure must be disposed
of within that period or definite steps must be taken to destroy
the larvae.

Fly breeding may be prevented by the application of about one
pound of borax to 16 cu. ft. of manure. This is the best larvicide
to use if the manure is to be used later for fertilizer. Very satis-
factory results may be obtained by sprinkling the manure with a
solution of two pounds of copperas to a gallon of water, or with
a solution of hellebore mixed in the proportion of one pound to
twenty gallons of water and applied at the rate of a gallon of
the solution to each cubic foot of manure. Fly breeding may be
prevented to a considerable extent by battening down the exposed
surface of the manure with a spade. Many larvae are then de-
stroyed by the heat generated below the surface during the process
of decomposition.

References

1 American Public Health Association: Standard Methods for Examina-
tion of Water and S8ewage, ed. 9, New York, 1046,



Waste Disposal 373

2, Babbitt, H. E.: Sewerage and Sewage Treatment, ed. 5, New York,
1940, John Wiley & Sons, Inc.

3. Dunham, George Clark: Military Preventive Medicine, ed. 3, Carlisle,
Pa., Carlisle Barracks, 1938.

4. Ehlers, Victor Marcus, and Steel, Ernest William: Municipal and Rural
Sanitation, ed. 3, New York, 1943, McGraw-Hill Book Company, Inc.

5. Mitchell, G. E.: Modern Sanitary Engineering, Toronto, 1942, S. J. R.
Saunders.

6. Prescott, Samuel Cate, and Horwood, Murray Philip: Sedgwick’s Prin-
ciples of Sanitary Science and Public Health, New York, 1935, The
Macmillan Co.



CHAPTER XXVII
VENTILATION, HEATING, AND LIGHTING

The ventilation, heating, and lighting of a man’s place of work
and his home directly affect his health and the health and com-
fort of his family. Everyone at some time or other has felt the
oppressiveness of the air upon entering a poorly ventilated room.
We are sensitive to certaingchanges of temperature and baro-
métric conditions. We notice the unusually fatiguing effect of
a day’s work in a room where the ventilation is poor, and we
have high regard for the stimulating effect of outdoor air at the
seaside or in the mountains during the summer. Everyone knows
that there is a difference between good air and bad, but too few
people know what constitutes that difference and still fewer peo-
ple have the energy and courage to insist upon suitable ventila-
tion in office, home, or public buildings.

GOOD AIR DEFINED

Physiologie experiments have shown that, contrary to the former
belief, it is the physical and not the chemical character of the air
which determines its quality. A comparison of the oxygen and
carbon dioxide contents of outdoor air, exhaled air, and the air of
poorly ventilated rooms shows the reasonableness of the discovery.

OXYGEN AND CARBON DIOXIDE CONTENT oF DIFFERENT KINDS OF AIR

Expressed in Per Cent

OXYGEN CARBON DIOXIDE
Composition of pure air 21 . 0.04
Air in the lungs 16 ( 5.00
Ajr in the worst ventilated rooms 19 ‘ 0.40
Composition of air that chemically
produces physiologic injury 14 3.00

We decide the quality of ventilation chiefly by the physical
effect of the air upon the skin in raising or lowering body tem-
perature. It is easy to forget that the skin is a sense organ, for

374
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unless we are either chilled or perspiring other more important
stimuli crowd out these minor sensations.

The movement of air against the body produces definite sensa-
tions, as it is easy to demonstrate. Step from the breezy porch
of a summer cottage into a room with the doors and windows
closed so that there is no movement of the air. Sit for a few
minutes quietly and then return to the porch and see whether the
breezes do not have a pleasing and stimulating effect. The dead-
ening effect inside the room was due to the fact that the air im-
mediately surrounding the body, the aerial blanket, was not being
rapidly changed. There was very slicht movement of air in the
room, and the clothes held the air blanket closely around the
body.

HEAT LOSS THROUGH SKIN HEAT PRODUCTION

CLOTHING
AIR MOVEMENT
HUMIDITY
TEMPERATURE

BODY
TEMPERATURE
TEMPERATURE of
SURROUNDING

OBJECTS
CLOTHING

[TEMPERATURE AND
CONDUCTIVITY
OF AIR AND
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Body temperature is kept constant through a balance between heat produc-
tion and heat loss. This diagram shows the changing factors in heat produe-
tion and in heat loss through the skin. Body heat is also lost, to a slight
extent, through the breath, the excreta, and the warming of cold foods and
beverages taken intg the stomach.

If we go out from a warm room in winter weather, we notice
a definite and marked reaction of the skin. Similar but lesser
reactions are continually taking place in adjusting the body to
the changing condition of air, and no doubt the body receives an
important stimulation from this gentle playing upon the nervous
system by the changing air,
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These considerations are in harmony with the results of experi-
ments conducted by the New York Ventilating Commission and
by other investigators. For example, a man is put in a closed box
where the air is hot and moist. A feeling of discomfort soon
develops which cannot be relieved by feeding the man air from
the outside by means of a tube passed through the wall of the
box. Discomfort is relieved by turning on an electric fan inside
the box, even when the subject breathes the air from within which
has been vitiated by continuous breathing. On the other hand,
a man sitting outside the box in air of proper temperature and
humidity is not injurious® affected by breathing through a tube
which supplies him with air from within, even though it is vitiated,
hot, and moist. The effect is on the skin, not on the lungs.

Temperature.—The living body is constantly producing heat
through the oxidation of digested food. There is a continual loss of
heat. Some heat is lost with the breath. A little is lost in warming
cold beverages and foods that are taken into the body. A small
amount is lost in the discharge of excreta, but most of the heat is
lost through the skin.

At ordinary room temperatures heat loss from the skin takes
place largely through radiation, i.e., the heat radiates from the
warm body to the walls, furniture, and other cool objects. The
skin loses some heat through convection (the warmed layer of air
rises and is replaced by cooler air next to the body). We lose some
heat directly by conduction to the cold objects we touch. The air
takes heat from the body by conduction. When one is too warm,
there is a great loss of heat by the evaporation of moisture from
the surface of the body.

At a room temperature of approximately 68° F. the loss of heat
by an inactive person balances the normal production of heat
without much tax upon the heat-regulating mechanism. Should
the temperature of the room rise above this point, the body must
lose heat extensively by the evaporation of perspiration if the
balance between heat production and heat loss is to be maintained.
If the temperature falls below 60°, such a chilliness is felt that
the person begins to move about, if he is free to do so, thereby
increasing the amount of heat produced through the increased
oxidation resulting from muscular exercise. If the individual is
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not free to move about, he shivers and the muscles of the skin
contract, producing ‘‘goose flesh.”” This is merely nature’s way
of increasing muscular activity. The superficial arteries con-
strict, and the heat loss from the surface of the body is reduced
to a minimum. However, we must still give the body further pro-
teetion by wearing heavier clothing. The best room temperature
is between 65° and 70°, depending upon the dryness and rate of
the air.

Moisture and Air Movement.—What effect does the varying
moisture content of the air have upon the body? We know that
water is a good conductor of heat and, therefore, if the air is
moist and eold it will seem very chilly because the heat is con-
ducted away from the body rapidly, even though the skin has
reacted to the low temperature and reduced the evaporation of
moisture to & minimum. On the other hand, if the day is very hot
and the air is moist, the evaporation of perspiration will be less
rapid because the air is already loaded with moisture. This pre-
vents the body from cooling itself by the process of evaporation.
It thus appears that a moist air seems colder at 35° and warmer
at 95° than dry air at the same temperatures. In any case an
increase in the movement of the air would make it seem colder or
cooler because moving air continually changes the aerial blanket
and increases heat transfer and evaporation.

Odors.—Disagreeable odors have a definite effect upon the ap-
petite. The nose can always detect a new odor or a stronger odor
and, for this reason, the odor of the air is a good index of its fresh-
ness or staleness when one first enters the room. One soon ceases
to be aware of the unpleasant odor of stale air because the olfactory
nerve registers only changes in odor concentration.

Odors arise from foul breath, an unclean mouth, decayed teeth,
catarrh, the sudoriferous glands of the feet and axillae, and from
the decomposition of organic matter on the skin and clothes.
Moisture is always necessary for the detection of odors, and they
therefore become more objectionable as the air becomes more
humid. Heat or a draft of compressed air may remove odors from
solid surfaces when ventilation alone will not.

Testing Air.—When the air in living rooms is not changed with
sufficient frequency, it is likely to become odorous. The test for
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the amount of carbon dioxide
in the air also indicates
whether or not the air is fresh.

The temperature may be
read direectly from a thermom-

moisture (100 per cent relative
humidity), we have a mist or
fog. At 68° F. the optimum
humidity is about 50 per cent.

The drier the air, the more
rapid is the ecvaporation of
moisture. It is this prineciple
that is used in determining
relative humidity. If the bulb
of an ordinary thermometer is
wrapped in a moist cloth, evap-
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tory but different rcadings on the
dry bulb thermometer and the wet
bulb thermometer? (Courtesy Taylor

oration will take place from
the cloth and the thermometer
will be eooled, registering a

Instrument Companies.)
lower temperature than a dry

thermometer in the same room. The drier the air and the greater
the rate of evaporation, the greater will he the difference bhetween
the dry bulb and wet bulb readings.

The movement of air also affects the rate of evaporation.
Evaporation approaches its maximum rate when the air is moving
at about four miles per hour. If, therefore, the wet bulb ther-
mometer is swung in the air at this rate of speed, the minimum
reading can be obtained in a few moments. The relative humidity
is obtained by comparing the difference in temperatures of the dry
bulb thermometer and the wet bulb thermometer with a set of
standard tables. In addition to the relative humidity, the number
of grams of moisture in the air and the dew point (temperature at
which dew would fall) of the air can be determined from these
tables.
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The Polymeter. Various instruments have been devised which
indicate roughly the relative humidity by showing the effect of
moisture in contracting or expanding some substance like horse-
hairs. The horsehair is usually run from the top of the instrument
to a shaft connecting with a dial at the base. If these instruments
are kept in proper condition, the dial will indicate the amount of
moisture in the air with an inaccuracy of about 1 to 5 per cent.
To keep them in good condition, they should be dipped in water
every few days.

VENTILATING AND HEATING

The problem of ventilation is to supply clean air, free from bac-
teria and dust, at the proper temperature, relative humidity, and
rate of movement. To ventilate we must renew the air in a room,
but to secure air which is properly eonditioned we must in addi-
tion often heat or cool, and moisten or dry the air. The air should
be maintained at the optimum temperature without uncomfort-
able drafts or any draft lower than 60° F.

The air should be free from unpleasant odors and reasonably
free from dust, which is irritating and is usually germ laden.
Mechanical exhaust systems are needed in many workrooms to
keep the air free from dust. Air washing is necessary in some
localities to secure a satisfactory supply of clean air.

Natural Ventilation.—Ventilation may be either natural or arti-
ficial. In natural ventilation air inside a building is replaced by
the outside air which works its way through the wall and through
openings to the outside. Even solid walls allow for the passage
of a good deal of air, and much more enters through open win-
dows, ventilating flues or chimneys, cracks or crevices in the
walls, under doors and around windows. There are numerous
mechanical appliances that permit openings through walls or win-
dows and assist in the interchanging of inside and outside air.
Sometimes this exchange of air is assisted by aspirating or with-
drawing the air from within by means of the natural draft of a
flue or chimney augmented by a heater.

The amount of leakage of air in a building depends on the ratio
of the cubic contents of the building to the exposed surface, the
tightness of doors and windows, and the condition of the walls.
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In general, it is assumed that the leakage amounts to one change
of air per hour in a frame building; that is, an amount of air
equal to the cubical contents of the building will pass through the
walls each hour and an equal volume of air must be heated to
replace the loss. In some buildings the air will be changed two
times per hour by spontaneous ventilation. The number of
changes of air that take place under direct heating in buildings
is given below: '

AR CHANGES PErR HoOUR

Residences an]ls 3; sitting rooms 2

Stores irst story 2 to 3; 2nd story 114 to 2

Offices First story 2 to 214; 2nd story 114 to 2
Churches and halls 8 to 2

Large rooms with Khtol

small exposure

An easily remembered and widely accepted standard for satis-
factory natural ventilation is the ‘‘five hundred, fifty, five’’ stand-
ard, or 500 cu. ft. of air space per person, 50 sq. ft. of floor area
per person, and openings in windows and sky lights equal to 5
per cent of the floor area. Under these conditions radiators under
windows, using window boards wherever necessary to avoid
drafts, provide a satisfactory and inexpensive heating and venti-
lating equipment.

Artificial or Mechanical Ventilation.—For halls, churches, busi-
ness establishments, and factories, and other large buildings the
change of air through natural processes is not sufficient, and a
mechanical system of ventilation must be adopted. This may be
one of three types: (1) the exhaust or vacuum system by which
air is withdrawn from the room by suction fans; (2) the plenum
system by which air is forced into the room by fans; or (3) the
combined method which foreibly brings air into the room and
foreibly exhausts it, a combination of both systems.

There are various ways of introducing and removing air from
a room, but, in general, it may be said that in buildings of moder-
ate size, such as residences, office buildings, schoolrooms, and fac-
tories, where the building is eut up into rooms not over 50 feet
square, the intake ducts should be in the side walls near the top
of the room from 8 to 10 feet above the floor and should discharge
the air with a velocity not exceeding 6 feet per second so that the
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drafts will not be felt. Exit ducts should be in the side walls
near the floor.

Relative Humidity.—It may be demonstrated that the air in a
room at 65° F. and 60 per cent relative humidity actually feels
warmer than does the air of a room maintained at 72° F. and 20
per cent relative humidity. This is due to the fact that the
sensation of heat or cold as felt by the body (the ‘‘sensible tem-
perature’’) is not indicated by the temperature of the dry bulb
thermometer, but more closely corresponds to the temperature
indicated by the wet bulb thermometer. It is evident that a
higher temperature must be maintained in buildings, if the air is
dry, than would be required if the proper relative humidity were
provided. If a room feels cold at 68° F. it is because the humidity
is too low.

The amount of moisture a cubic foot of air will hold depends
entirely upon the temperature. The lower the temperature of the
air, the less moisture it is capable of holding. Air at 70° F. will,
if saturated, hold 8 grains of moisture per cubic foot. Air at 0° F.
will hold about 0.48 grain per cubic foot at saturation. The
average relative humidity during winter is about 70 per cent;
hence air at 0° F. and 70 per cent relative humidity contains 0.34
grain of moisture per cubic foot. If this air is drawn from out-
doors into a building and heated to 70° F., the absolute humidity
or the weight of moisture per cubic foot will remain the same as
before, but the relative humidity will be reduced to about 4 per
cent. Such air is drier than that of the most arid region.

Dry furnace air is likely to cause excessive evaporation and
give one a chilly feeling. The humidity of living rooms and offices
may be increased by plants, or by porous dishes, like flower-
pots, containing water, or by a dish of water or a wet towel placed
on or near the radiator. It is evident that fuel can be saved by
maintaining air at a reasonably high humidity.

A wet bulb temperature of 56° F. is a better standard for
proper air condition than a dry bulb temperature of 65° to 70°.

Air Washing and Humidifying.—Although the humidity may
be secured by simple devices in small rooms, more intensive
methods must be used for large buildings. Water is forced
through small openings in pipes so that a sheet of water is formed,
through which the air must pass.
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In the general method of washing and conditioning, air is first
drawn through the washer by a fan. The water carried mechani-
cally by the air is separated by eliminator plates; then the satu-
rated air is heated by heater coils to the desired temperature. By
regulating the temperature of the saturated air entering the
heater, the humidity of the heated air may be made any desired
amount. Tempering coils are important where the incoming air
is likely to go below 32° F., especially where all the air handled is
taken from outdoors.

The washing of air_is often almost as important as the humidi-
fying. It is necessa"y to use the outside air for ventilation,
and this air is taken from the lower levels where the dust, baec-
teria, and noxious gases are most concentrated. When street air
is passed through a washer, it requires only a few hours for the
water to become like sewage in appearance and analysis. Air
may be drawn from the rooms, purified, and reheated, and the
cost of fuel necessary to heat such air is considerably reduced.

Cooling Air.—To cool air, and at the same time to reduce the
amount of moisture, it becomes necessary to work with water at
a temperature lower than can ordinarily be obtained from either
driven wells or from city mains. Air cooled by ice is unsatisfac-
tory, since it is difficult to cool it sufficiently to deposit the excess
moisture, and the slightly cooled air is likely to have a high rela-
tive humidity. ’

The only satisfactory method of air cooling is by the use of re-
frigerating machines, such as ammonia compression or absorption
machines, by which the temperature may be reduced enough to
cause a precipitation of the excess of moisture contained in the air.

Air taken in from the room may be cooled, dehumidified, and sent
back, or some of the outside air of higher temperature and humidity
may be mixed with cooled air in proper proportion to give the final
temperature and humidity desired. In general, it is necessary to
cool air to 45° to 50° to eliminate the excess moisture, and it is then
necessary to heat this air again to 70°. The hot moist air on pass-
ing from the room to the cooler may be made to transfer some of
its heat to the cold, dehumidified air on its way back to the room.

An increasing number of houses and publie buildings are install-
ing equipment for drying and cooling the air in summer. The air-
conditioning equipment blows cool, dry air into the rooms, and the
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windows are kept closed. Air eonditioning equipment is now avail-
able for single rooms or large buildings which will supply warm,
moist air to the rooms in winter and cool, dry air in summer.
It has been found most practical to reduce the indoor tempera-
ture only 10° to 15° F. below the outside temperature, even in
the hottest weather, in order to avoid too great differences for
the person going in or out of the building. Benefits to health
other than improvement in comfort and efficiency have not been
shown to result from air-conditioned buildings as compared with
buildings without air-conditioning equipment, but otherwise prop-
erly heated and ventilated.

Infection and Sterilization of Air.—The transfer of respiratory
disease through droplet infection has long been recognized. Drop-
lets containing bacteria or filtrable viruses are sprayed into the
air in coughing or sneezing and contaminate the air, at least tem-
porarily, in the vieinity of the infected person. Dust also fur-
nishes a myriad of vehicles that support or transmit microorgan-
isms in the atmosphere. Investigations have indicated also that
the smaller microorganisms, especially the filtrable viruses, may
infect the air for several hours. The moisture of the sneeze drop-
let largely evaporates on the way to the floor, leaving a particle
small enough to remain suspended in the air. Many hospitals
have installed special lamps that establish a sheet of ultraviolet
light to sterilize the air as it moves from one area to the other.
The use of ultraviolet light for sterilizing the air in school rooms
has been recommended. Triethylene glyeol has been used as a
spray (1 part in 400,000,000) to kill pathogenic bacteria and
viruses in air. It is not toxic or noticeable to persons in the room.

The Economic Value of Good Ventilation.—Industries have
found that it is particularly important to remove dust, gases, and
fumes that irritate the breathing passages of the worker and
cause congestion or predispose the individual to infectious dis-
eases. But even where dusts are not present, the proper regula-
tion of temperature and humidity has an important bearing upon
health and efficiency. Dr. Winslow has shown that, all working
conditions being equal, 6 per cent more typewriting is performed
at 68° than at 75°. In more vigorous physical work, such as ordi-
nary industrial activities, the amount accomplished at 68° is 15
per cent greater than that accomplished at 75°.
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Physicians feel that outdoor air is better than inside air for
invalids and consumptives, even though the inside air is properly
conditioned. The benefit from being out of doors may be due to
sunlight or it may be due to the constantly varying temperature
of the outdoor air which doubtless serves as a stimulus and tonic

to the system,
LIGHTING

Good lighting is important in many ways. Direct sunlight is
a disinfectant, and it has been found to increase the number of
white blood cells in th&surface blood vessels. Its value in treat-
ing tuberculosis of the skin, for example, has been well demon-
strated. It should be allowed to enter the home and the work
place as much as possible, but it should be prevented from shining
directly in the face of the worker.

A welllighted factory with both overhead and desk lighting. (Courtesy
General Electrie Co.)



These picture-diagrams show the difference in the evenness of illumination
between an inadequate (above) and a proper (below) spacing of factory
lights. (Courtesy Gemneral Electric Co.)
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Outdoor life has always been the normal condition for man
throughout the process of evolution. Outdoors the light comes
from a luminous body above and very little of it is reflected from
the green or brown of the earth, so that the upper part of the
retina is not accustomed to a strong stimulation. If the person
looks up at the sun directly, the stimulation is excessive and pain-
ful. This suggests that, in ideal conditions for artificial lighting,
strong light should not be thrown directly into the eyes from below.

Man has acquired great power in adjusting the eyes to the effects
of bright daylight and” darkness. The varying size of his pupil
through the muscular contraction of the iris enables him to make
this adjustment. Flickering light causes the eye to attempt a rapid
series of these adjustments; continual contraction and relaxation
of this muscle result in eyestrain, nervousness, and fatigue. Glare,
or sharp contrast in the intensity of lighting within a room, re-
quires similar prolonged adjustment.

Artificial Illumination.—Ideal lighting provides sufficient and
steady illumination in a work area. Lighting should be judged
not by the brightness of the lamps but by the illumination at the
point where the work is done. Dark objects require more illumi-
nation than light objects.

With reference to the position of the source of light artificial
illumination may be general, localized, or localized general. In
general lighting there are a few strong lights at a considerable dis-
tance from each other and so placed as to illuminate wide areas.
Localized illumination is provided by desk lamps or, in the factory,
by small lamps illuminating a part of the machine or a limited work
area. Localized-general lighting is intermediate between these con-
ditions and consists of lamps of intermediate candle power spaced
from six to twenty feet apart. The intensity of illumination de-
creases as the square of the distance from the source of light
increases.

The nature of the lighting may be direct, semidirect, or indirect.
In direct lighting the source of light is directly exposed to view, as
in the unfrosted electric light bulb. Semi-direct lighting partially
protects the source of light from direct view and usually increases
the amount that is reflected into the room from the ceiling. In
tndirect lighting the source of light is not visible to the eye at all.
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The light is reflected from the ceiling or walls. It is a very desir-
able type of lighting, since it avoids shadows and sharp contrasts,
but it is costly. The amount of illumination is rapidly cut down if
the lamp and reflectors are not kept serupulously clean.

Standards for Lighting.—In this country the ‘‘foot candle’’ is
the unit of intensity of illumination commonly used. The term is
used to indicate the degree of illumination at a point one foot
from a standard candle. One candle power is about equal to one
watt consumption in a tungsten lamp.

LIGHT
SENSITIVE

Light meter for measuring the intensity of light in foot candles. (Courtesy
General Electric Co.)

The amount of illumination upon a working surface is measured
by some type of simple and inexpensive foot candlemeter. Such
a device for measuring illumination is illustrated in the accom-
panying figure. The required amount of light varies with the type
of work or activity. A minimum standard of illumination for read-
ing or office work of 15 foot candles has been recommended by
lighting experts.
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CHAPTER XXVIII

PUBLIC HEALTH ADMINISTRATION

The health of the individual is protected, first, by proper per-
sonal hygiene, and second, by the activities of organized govern-
ment in disease prevention. In this chapter we shall consider the
health administration of the Federal, State and local governments.

Public Health Authority.—The division of the responsibilities
for administering public health among National, State, and Mu-
nicipal governments is dependent upon the relationship which
these bodies bear to each other under the Constitution of the
United States and the various state constitutions. Ours is a Fed-
eral Government and each state has supreme power in those ques-
tions which affect that state alone. In such matters it may, if it
chooses, direct the individual community and it may not be inter-
fered with by the Federal Government. In considering the activi-
ties of the public health officials we shall first investigate their
powers under the law and then discuss their activities.

FEDERAL PUBLIC HEALTH FUNCTIONS

The National Government has only such powers as are granted
to it by the Constitution. In these matters state law must give
way, but where power is not specifically given to the National
Government, it is assumed that the power lies with the states.

Federal Authority.—There is no specific mention of any power
over the public health in our Federal Constitution, but power to
regulate commerce, to provide for the common defense, and to carry
out treaty agreements are specifically granted to the national gov-
ernment. The Federal government is also given direct jurisdiction
over territories, national parks and other Federal domains, and
power to ‘‘promote the general welfare.”” Certain public health
activities are very properly carried on under these broad powers.

Under the power to regulate commerce the government has the
authority to prohibit, under eriminal penalty, the interstate trans-
portation of persons or articles. This includes the power of quar-
antine against persons or things to prevent their entrance from one

389
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state to another where such an entrance may be judged to endanger
the public health or safety. The power of the government to re-
strict the transportation of an article includes the power to deter-
mine whether the article transported falls within the prohibited
class, and thus provision is made for requiring the labeling of ar-
ticles and the inspection at the place of manufacture, as well as for
the licensing of persons engaged in the manufacture of articles for
interstate commerce.

An important use of this power was the enactment of the Food
and Drug Law, which forbids the transportation from one state to
another of adulterated food products and drugs. The law was up-
held by the Supreme Court as constitutional. On the other hand,
the Child Labor Law, which forbade the transportation of goods
made in factories where children were employed, was declared un-
constitutional because it was regarded as an attempt to regulate
the methods of manufacture within a state and not interstate com-
merce.

The authority which Congress possesses to exercise legislative
powers in the carrying out of the provisions of ¢reaties has never
been widely used.

The defense power of the Federal Government to raise and sup-
port armies and to provide a navy carries with it the power to do
whatever is necessary to protect the health of soldiers and sailors,
even within state lines. In the District of Columbia, territories,
and reservations, the Federal Government has complete health
powers at all times through its direct jurisdiction.

Under the power to ‘‘promote the general welfare,”’ the United
States government has established a national Public Health
Service and other agencies authorized to assist state health authori-
ties and to cooperate with them. Thus, although the United States
Government may not interfere with the sanitary work of the states,
it may have a far-reaching influence on state health administration
through its power of appropriating money for health work in the
form of grants-in-aid to states for various public health activities.

The United States Public Health Service—On July 16, 1798,
President John Adams signed a federal act creating a Marine
Hospital Service to provide medical care and hospitalization to
merchant seamen. A small monthly tax was collected by the
Collector of Customs from each sailor for his medical care. The
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Collector of Customs was under the Treasury Department and so
the Marine Hospital Service was also placed under the Secretary
of the Treasury.

The public health functions of the service grew slowly, but by
1893 the responsibility for preventing the introduction of cholera,
yellow fever, smallpox, plague, and other diseases had been placed
in its hands. In 1902 the name was changed to the United States
Public Health and Marine Hospital Service. By 1912 public
health had become its dominating activity, and it assumed its
present name of the United States Public Health Service. After
remaining in the Department of the Treasury for one hundred
forty-one years, it was transferred, on July 1, 1939, to the Federal
Security Agency, which had just been created to consolidate the
health, education, and welfare activities of the Federal Govern-
ment.

The Surgeon General, who is the head of the Public Health
Service, is appointed by the President for a period of four years.
His staff is made up of both commissioned and eivil service per-
sonnel, including physicians, engineers, dentists, nurses, and vari-
ous scientific and technical specialists. He has the advisory
services of a National Health Advisory Council and the services
of other special advisory councils in such fields as cancer, bio-
logical produects, and hospitalization,

The functions of the Public Health Service have been described,
in reports upon its activities, as four: police duties, investiga-
tion, demonstration, and coordination.

It has been accredited with all the powers that Congress can
give it for doing health work. The nature of its activities is
limited by the Constitution, and the extent of its activities is
limited by the size of its appropriations.
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There are four major divisions in the Public Health Service:

1. The Office of the Surgeon General contains the Division of
Public Health Methods, the Division of Nurse Education, a Dental
Division, and the Division of Sanitary Engincering, in which its
major public health activities are to be found.

2. The National Institute of Health contains (1) the Division
of Infectious Diseases, (2) the National Cancer Institute, (3) the
Division of Physiology, (4) the Division for the Control of
Biological Produects, (5) the Chemical Laboratory, (6) the Pathol-
ogy Laboratory, (7) the Zoology Laboratory, and (8) the Division
of Industrial Research. '

3. The Bureau of Medical Services has charge of the marine
hospitals and other direct medical services.

4. The Bureau of State Services has (1) a Division of Venereal
Disease, (2) a Division of Industrial Hygiene, (3) a Division of
Tuberculosis Control, and (4) a division of State Relations,
through which grants-in-aid to individual states are operated.

Other Federal Health Agencies.—There are other departments
in the Federal Government that are carrying on publie health
work. The Children’s Bureau, now in the Social Security Agenecy,
was established in 1912. Tt is empowered by Congress to promote
the protection of maternity and infancy and to cooperate with state
and municipal agencies in protecting the welfare of the growing
child. In 1943 it was empowered to develop a nation-wide plan for
medical, nursing, and hospital care for the pregnant wives of
military personnel in the arm and navy of World War II. The
funds were administered through state bureaus of child hygiene.
The Office of Education in the Social Security Ageney deals with
the physical and mental development of school children. The
Home Economics Division of the Department of Agriculture is
promoting better nutrition of children by educational literature
and by practical demonstrations of food values. The National
Department of Agriculture also administers the Federal laws
dealing with the sanitation of food and drug production, the sani-
tary supervision of milk production, and the sanitation of milk
and milk products. The Bureau of Census in the Department of
Commerce takes the national census every ten years and compiles
vital statistics on a nation-wide basis. Many departments of the
government are doing lesser amounts of health work.
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STATE HEALTH FUNCTIONS

Under our form of government each state bears the responsi-
bility for its health conditions, and upon the state legislature, as
the supreme power of the state, this responsibility rests primarily.
The legislators, limited only by the state constitution and respon-
sible only to the electorate, have supreme power to determine
what health regulations shall be made and what official organi-
zation shall be provided by municipalities and by the state at
large to administer public health. Since public health adminis-
tration within the state is direetly dependent upon the law, it may
be profitable to consider the principles of health legislation.

Public Health Laws.—Public health laws may be divided into
two groups: laws creating the public health organization, and
laws governing publie health administration.

The first law providing for health organization was the Massa-
chusetts law of 1797 establishing boards of health for towns and
giving each board power to ‘‘make such regulations as it judges
necessary for the public health and safety.”’ The other states
have made similar laws, and many large cities have had special
sanitary provisions incorporated in their charters. The type of
local organization has varied in different states, depending upon
whether the administrative unit of government was the township
or the county. The local authorities are required to keep the
state authorities informed as to the sanitary conditions of their
distriets, and in all cases local health ordinances must not con-
travene the laws of the state. Since 1855 each state has enacted
a law creating a state board of health or its equivalent.

On the legal side of public health administration, common and
constitutional, as well as statutory, laws are involved. The com-
mon law, or lex non scripta, consists of the court decisions made
in the course of administering justice. The decision of a lower
court or the opinion of an attorney has little value as a precedent,
but the decision of the Supreme Court is binding upon subordi-
nate courts until overruled. Constitutional law has to do with
the interpretation of federal and state constitutions. Statutory
laws are enacted by legislatures.

All authority for the protective operations of government, in-
cluding the preservation of public health, is derived from the
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police power, an inherent function of government. It is the right
of government to protect the health, morals, and safety of the
public. In its exercise we find sanction for otherwise illegal aects,
such, for example, as the violation of personal or property rights
to protect the safety of the people in great epidemics. It is a
fundamental social principle that personal liberty ends when in-
dividual action menaces public safety. Upon this principle are
based many public health procedures, such as the prevention of
nuisances and the control of communicable diseases.

The use of license is essentially police in nature. A license may
be issued upon payment of a slight fee, as in licensing milk
dealers, where it is the license rather than the fee that restricts
or regulates the business. On the other hand, the issuance of
licenses at a prohibitive cost has been a reasonable use of police
power in restraining the liquor traffie.

In enforcing the public health law the health officer is given
considerable power of discretion as to what shall be done. He is
entitled to do any act within that discretion, and all that he does
will be held to have been done with the express authorization of
law. Should the health officer abuse his power of discretion, how-
ever, he is amenable to prosecution, but the act to be criminal
must be willful and corrupt, and proof of this rests upon the
camplainant.

If discretion is left entirely to the administrative officer, there
is no way he can be forced to act. An officer cannot be sued per-
sonally for neglect of an exclusively public duty even to a person
specially injured thereby. If a law prescribes specific duties for a
health officer (if it is mandatory), he must perform those duties.
Some laws, such as quarantine laws, are mandatory as to action,
but discretionary as to method. In court proceedings if the law be
specifie, the only questions which may arise are those of fact; if
discretionary, questions of fact, reasonableness, and extent of
discretion may be presented.

Injunction (a restraining order issued by the court) ecan be used
to prevent executive action, the taking or impairment of property
or the creation of nuisances. It is not used to direect or to restrain
the exercise of discretionary authority.

A public health nuisance is a state of affairs that is dangerous
to public health. Obviously, a thing may be a nuisance under
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either common or statutory law. In a case of exigency the health
authorities may summarily abate the nuisance, but if the owner
of the property cannot get a formal trial before the abatement,
he is entitled to a hearing afterward. The burden then falls upon
the authorities to justify their action.

State Health Administration.—The oldest and most common
type of organization places the administration of public health in
the hands of a seccretary of the state board of health. He is the
executive officer, or state hcalth officer, and his activities are
guided by the policy and wishes of the board. Many states have
changed their type of organization from a state board of health to
a state department of health under the direction of a commissioner
with an advisory couneil.

The work to be done is practically the same regardless of the
type of organization, although naturally the extensiveness of the
work done by each state varies with the size of its health appro-
priation, the efficiency and number of its personnel, and the ex-
tent to which the state supervises local health administration. The
state health officer should be a physician with special graduate
training in publie health.

Legislatures have delegated a limited amount of ‘‘law-making
power’’ to state departments of health. This delegation of power
is judicious and progressive, for only a body of experts is qualified
to work out the details of public health regulations. Under this
power a Sanitary Code, consisting of rules and regulations affect-
ing the security of life or health, is enacted. The provisions of this
code have the force and effect of law in all parts of the state.
In enforcement they supersede any local ordinances which may be
inconsistent with them.

Administrative Functions.—Let us consider briefly the activ-
ities of the more important divisions of a typical state department
of health.

The Division of Administration, which is presided over by the
health commissioner, provides the general administration of the
department and includes a supervision over the work of the staff,
accounts, salaries, and expenditures.

The work of the Division of Vital Statistics includes the record-
ing and analyzing of data concerning deaths, births, marriages,
population, and diseases. If disease is to be prevented and lives
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are to be saved, careful records must be kept to show where,
when, and how diseases and deaths occur. The recording and
interpretation of vital statistics require skill, and highly trained
vital statisticians are employed for this work. The layman may
not be particularly interested in the methods of interpreting
statistics, but he will at least want to know what is meant by the
most commonly computed rates.

The birth rate is the number of births annually per thousand
population. The crude death rate is the number of deaths annu-
ally per thousand population. Specific death rales state the num-
ber of deaths per 100,000 population for specific diseases. The
morbidity rate is the number of cases of a specific disease per
thousand population (sometimes expressed as the number per
100,000 population). The fatality rate is the number of deaths
from a specific disease per 100 cases (the per cent fatality).

‘When we realize that such rates show whether we live in a safe
and healthful community or a dangerous and unhealthful one, the
statistics of our state and local health departments become most
interesting reading. The registration of births, marriages, and
deaths is also important for legal, social, and property rights.

The Division of Public Health Education embraces the publicity
work of the State Department of Health through reports, news-
papers, health exhibits, pamphlets, lectures, moving pictures, and
all the numerous and valuable activities through which the state
health department places before the people the important prin-
ciples of hygienc. Public education in nutrition is especially im-
portant and nearly all state departments of health employ nutri-
tionists in either the hecalth education or the maternal and child
health division. Some state health departments have developed
programs of safety education.

The functions of the Division of Sanitation are to safeguard the
water supplies and to insure proper waste disposal throughout the
state. Such a department maintains facilities for water and
sewage analysis and is able to furnish the advice of an expert sani-
tary engineer in any problem of water supply and waste disposal.
These problems have been considered already in another chapter.

The duties of the Division of Communicable Diseases include
activities in controlling and limiting the spread of various com-
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municable diseases. Epidemiologists promptly investigate incipient
epidemics and the division takes prompt steps in restricting the
disease.

The Division of Maternity, Infancy, and Child Hygiene main-
tains a personnel of trained workers who make surveys, develop
special state and local campaigns to improve the hygienic conditions
of maternity, infancy, and childhood, and eooperate with private
child health agencies throughout the state.

The Division of Public Health Nursing determines the qualifica-
tions of the public health nurse, employs a corps of nurses to assist
district health officers, and broadens the work of those nurses who
are employed by various communities in the state by affording
them advice, assistance, and cooperation.

The Division of Laboratories and Research provides free labo-
ratory diagnosis of communicable diseases, prepares and distributes
vaccines and antitoxins to the medical profession, and carries on
public health research.

The Division of Tuberculosis directs the operation of state tuber-
culosis hospitals and sanatoriums, and assists local communities to
combat the disease by investigating conditions and showing the
value of early reporting, dispensary service, and other measures.

Nearly all the states at one time established divisions of venereal
diseases as a result of the campaign waged by the Federal Govern-
ment. In several states this special division has now been discon-
tinued and the work placed under the division of communicable
diseases.

The organization of a state health department is flexible and the
same divisions are not present in every state. New divisions may
be established and old divisions may be abolished as needed.

LOCAL HEALTH ADMINISTRATION

Authority.—Some states have centralized systems with local
health departments under the control of the state organization.
Other state departments of health have only the power to advise
and investigate, with no direct control over the local health
authorities. A system that allows the state department limited,
but not complete, control over local authorities with additional
power in emergencies is preferable to either extreme. This plan
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leaves the basic responsibility for community health with the
local or municipal officials, but it gives power to the state health
officer to protect the health of the whole state whenever it may be
endangered by local inefficiency. The division of authority between
the state and local health departments in cach state is determined
by the state laws which established these departments.

Local Health Organization.—The local health organization usu-
ally consists of a board of health with a health officer. The board
determines policies and procedures. The health officer employs a
staff with the approval of the board and is responsible for admin-
istration of the organization. In some states a health officer may
be appointed in place of a board of health and in other instances
legislation provides for a type of local organization with a health
commissioner and an advisory committee. This places the respon-
sibility on the health officer but gives him the benefit of advice
and support from a committee or council. The scope of local
health work in a large city usually embraces the following list
of activities:

MUNICIPAL HEALTH DEPARTMENT ACTIVITIES

Home instruction
Diagnostic aid
Epidemiology
Hospitalization
Immunization
Biological products

Tuberoulosis Control
Diagnosis
Follow-up
Control of contacts
Case finding
Clinies
Nursing
Institutional care

1. Vital Statistics Gonorrhea and Syphilis
Births Reporting
Deaths Follow-up
Morbidity Education
Maps Drugs
Charts Clinics
Records Case finding

II. Communicadble Disease Control III. Child Hygiene
Isolation Clinics
Quarantine Nursing
Release Midwives

Education

Infant Hygiene
Well-baby clinics
Nursing
Institutional care

Preschool Hygiene
Clinics
Immunization
Dental hygiene
Mental hygiene
Nutrition

Correction of defects

Nursing
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School Hygiene
Sanitation
Communicable disease control
Examinations
Follow-up
Clinica
Special classes
Health education
Physical education
Healthful school living

IV. Sanitation

Housing
Vermin and insects
Milk
Standards
Dairy inspection
Pasteurization
Laboratory testing

The open door of a health
center. (Courtesy Bureau of
Health Edueation, Depart-
ment of Health, City of
New York.)

Food
Food handlers
Food establishments
‘Water and sewage
Inspection
Laboratory control

V. Laboratories
Diagnostic
Food
‘Water

VI. Health Education

School
Public

V1L. Industrial Hygiene
Education
Engineering
Toxicology
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The Health Center.—The health center has been established in
many communities as a place where health conservation is sought
‘““through the physical examinations of well people, through read-
ily available health consultations, through well-baby clinics and
the prenatal clinie, through special classes, through education by
means of health talks, leaflets, posters, lantern slides and window
exhibits.”” Certain activities of both health department and pri-
vate health agencies, such as the Red Cross and Visiting Nurse
Association, are carried on at the health center. Tt is a physical
center for public health work.

County Health Unit.—The first couhty health department in
the United States was established in Yakima County, Wash-
ington, in 1911. There are now about two thousand. Vigorous
efforts are being made to provide adequate local health depart-
ments in rural areas throughout the country. A unit of rural
population of some twenty-five thousand to fifty thousand people
is conveniently served by a county health department. In some
cases a department covers more than one county in order to have
a suitable population group. Small ecities up to ten or twenty
thousand people are usually included in the county health depart-
ment project, but large cities usually have their owh health de-
partment separate from that of the surrounding rural areas. A
budget of one dollar per capita is regarded as adequate. This
budget does not include the cost of hospitalization for tuberculosis
or other communicable diseases or the cost of an intensive home
nursing program. In some cases local funds are augmented some-
what by grants from the state or the Federal government.

The modern county health department has a trained full-time
personnel consisting of a health officer, public health nurses,
sanitary inspectors, and a clerk. A health educator is now widely
considered as essential in this minimum staff, although he or she
may be employed jointly by the health department and the school
system. Also a nutritionist and a social worker are often to be
found on a full-time staff. In addition, part-time physicians or
dentists are commonly employed to staff such clinics as may be
operated. Tuberculosis clinies, immunization eclinics, venereal
disease clinics, and dental clinics for children are commonly organ-
ized in cooperation with the county medical and dental societies.
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Prenatal clinics and well-baby clinics are less practical in rural
areas.

The county board of health under which the department operates
consists of three to five prominent citizens, some but not all of
whom should be physicians. A position on the board is honorary
and carries no remuneration. The board makes general policies,
approves the budget, approves the sanitary code, and selects the
health officer. It does not have administrative responsibility.

The work of the county health unit, like that of other local
health departments, is directed toward the prevention and control
of disease through the sanitation of the environment, isolation, and
immunization, as well as the promotion of positive health through
health education and other appropriate means.

The Health Officer.—Public health administration involves a
variety of tasks. The local health officer must understand disease
control, sanitation, hygiene, and the principles of public health
law. The physician is best adapted for this type of work, but
he needs supplementary training in a school of public health.
Public health administration is a distinet calling that demands a
knowledge of a group of subjects different from those that are
the basis of any other profession.

UNOFFICIAL HEALTH AGENCIES

There are many national health organizations and many local
health societies in the United States interested in specific or
general health problems. The function of these private health
organizations is to develop those phases of health activities which
the health department of a community is not yet ready to handle or
which it cannot handle well because of the particular problem in-
volved. For example, cancer research cannot be carried out by
the individual community; it is being done by the U. S. Public
Health Service, but an excellent and extensive program is being
carried forward by the American Cancer Society. These typically
American agencies have been especially helpful in educating the
general public concerning health needs. Health progress is usually
rapid when a large group of interested citizens undertake to solve
a health problem.

An important local voluntary health agency to be found in
most large communities is the Visiting Nurse Association. These
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associations provide expert nursing care to the sick on an hourly
basis. Those who can afford to pay for this service do so, usually
at a cost of $1.50 per nursing visit. Through philanthropy these
services are provided free to the poor. Prepayment plans for
complete medical service often include such hourly nursing care.
These private nurses who render bedside nursing care are not to
be econfused with the public health nurses employed by the health
department who instruct the family coneerning health procedures
but do not do bedside nursing. The cost of this nursing service
is so great that it has not seemed practical to add the bedside
nursing program to the tax-supported nursing activities in the
health department. Over the last fifty years the visiting nurse
associations have rendered a distinguished service and have be-
come an accepted community ageney.

At the national level there is a long list of distinguished volun-
tary health agencies. Their development and activities have been
well described by Cavins.2 Typieal of these important agencies are
The National Red Cross, The National Tuberculosis Association,
and The National Foundation for Infantile Paralysis.

We have already mentioned The National Tuberculosis Associa-
tion in our discussion of tuberculosis. It is one of the oldest volun-
tary health agencies and has had a distinguished career of service
in promoting the treatment of tuberculosis and in the development
of preventive and health education activities. It has state and
local associations throughout the country and is supported by the
sale of Christmas seals.

The National Red Cross is a semiofficial organization since it
is chartered as a disaster relief agency by the United States Govern-
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ment. In war the Red Cross supplements the work of the medical
corps of the Army and Navy particularly in supplying nursing
care for the civilian population. In time of disaster it supplies
food, shelter, clothing, and medical, nursing, and hospital care. It
does much in the rchabilitation of devastated areas. It has pro-
moted public health nursing in sparsely settled areas and instrue-
tion in first aid and home nursing throughout the country.

The National Foundation for Infantile Paralysis with its local
chapter in each county is somewhat unique in that it pays medical
and hospital costs for persons who are attacked by poliomyelitis
and who are not able to meet the high costs without severe inroads
upon the economic status of the family. It does not furnish
medical care directly nor does it dictate in any way the nature of
the treatment to he given. It only insists that the treatment shall
be under the direction of registered and aceredited physicians.
Its research program is one of the most extensive carried on in con-
nection with any disease. Health education regarding polio-
myelitis and the training of various types of experts needed in the
battle against the disease are also important activities. The annual
March of Dimes provides a medium through which millions of
persons support this organization.

Other voluntary health agencies include The American Cancer
Soctety, The American Hearing Society, The American ITeart Asso-
ciation, The American Social Hygiene Association, The National
Commattee for Mental Iygiene, The National Dental Hygiene
Assoctation, The National Foot Health Council, The National
Safety Council, The National Society for the Prevention of Blind-
ness, and The National Woman’s Christian Temperance Union.
The National Congress of Parents and Teachers has an important
health program.

In addition there are of course many associations of profes-
sional workers concerned with public health. The American
Public Health Association includes the majority of persons who
are professionally engaged in public health. Its official organ is the
American Journal of Pubic Health. Other professional groups
concerned with public health include The American Association
for Health, Physical Education, and Recreation, The American
Dental Association, The American Dietetics Association, The
American ITome Economics Associaation, The American Medical
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Association, The American Nurses Association, The American
School Health Association, and The National Organization for
Public Health Nursing.
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CHAPTER XXIX
MATERNAL AND CHILD HYGIENE

In the discussion of personal hygiene in Part I, many facts have
been presented bearing indirectly upon maternal and child hygiene.
It is the purpose of this chapter to consider the special problem
of safeguarding the health of the mother, the infant, and the
young child, to present the broad outlines of the problems involved,
and to show how scientific aid may be utilized in meeting them.

MATERNAL HYGIENE

Childbirth is an exceedingly important affair that involves the
future health of two persons. While pregnancy is a normal ex-
perience for the mother, it taxes her system heavily, and unless
she has proper care and follows a consistent program of hygienic
living in preparation for it, both she and the child may suffer
injury. It is not to be feared, but it is to be approached with
hygienic living and under medical supervision so that any unto-
ward conditions may he discovered and corrected. There is no
phase in the development and birth of the baby that should injure
or impair the health of any woman who is reasonably well at the
beginning of pregnaney and who has proper care.

Many states average fewer than two maternal deaths per
thousand live births. Rates vary in different areas and among
different groups. They are highest where ignorance and poverty
are greatest. Of such deaths as do occur, 40 per cent are due to
sepsis, 25 per cent to toxemia, 25 per cent to hemorrhage, and 10
per cent to all other causes.

Medical science can reduce the maternal death rate, since the
chief factor contributing to it is lack of proper care. The medical
profession cannot reduce the number of deaths, however, unless
expectant mothers place themselves under medical care early
in pregnancy. This is in part the husband’s responsibility. He
must see that proper medical care is provided for his family when
it is needed.

405
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Problems of Maternal Care.—The special problems that ac-
company maternity and make expert supervision necessary are
particularly concerned with the diet, with the elimination of body
waste, with the size of the birth canal, and with the mother’s
general physical condition. Since the baby grows within the
mother’s body and obtains all its nutrition from the mother’s
blood stream, the mother must take care to provide all the essen-
tials of an adequate dict in abundant quantity. This necessarily
involves extra feeding. If it is not provided, the mother suffers
more than the child. .

The baby requires much calcium in laying the foundation for
the bony framework of the body. If the mother’s diet does not
supply this in sufficient quantity, it will be absorbed from her
own bony structures. In addition, the baby’s teeth, which begin
to form in the third month of prenatal life, will be of poor qual-
ity. Proper care of the diet can prevent all these undesirable
conditions.

The elimination of waste material for the fetus puts an added
burden on the mother’s organs of excretion during pregnanecy.
It is particularly important that the condition of the kidneys be
watched, for they must remove all the nitrogenous waste. Any
abnormality that occurs in these organs must be. detected early
and suitable treatment must be preseribed.

It frequently happens that the bones of the pelvis are narrow,
making the normal birth of the child difficult or impossible. By
careful pelvic measurements this can be determined in advance
and suitable steps can be taken for making birth possible. This
may consist of controlling the size of the child or of arranging
for birth by cesarean section.

In addition to these special problems of maternity there are the
usual health hazards that anyone may meet but which, because of
the added burden under which the body is now working, may
prove more serious in their consequences. The mother needs the
extra protection that medical supervision ean give. Such super-
vision enables the physician to start treatment in time if anything
is wrong. It provides an opportunity to give definite instruetion
in hygiene and to make effective preparations for proper care



through hospitalization or other-
wise at the time of childbirth,

It is important to the health
of the baby that the mother
should avoid infectious disease
during the first months of
pregnancy, particularly the sec-
ond month, There is clear-cut
evidence that German measles
at this time produces defects in
the central nervous system of
the infant. Other infections at
this stage of pregnancy are sus-
pected of injuring the fetus.

Thousands of babies are de- | , : :
livered by midwives every year. (H. drmstrong Roberts)
Health authorities have been )
carrying on an important and
beneficial campaign for some
time to raise the requirements for the practice of midwifery.
Trained midwives are capable of attending normal deliveries and
of recognizing those conditions that require the care of a physi-
cian. In certain foreign lands well-trained and supervised mid-
wives are supplied to women of limited means, and the maternal
mortality of those countries compares favorably with the mor-
tality of the United States. Medical care is obviously preferable.
A well-equipped hospital is the preferred place for delivery. One
advantage is that any possible complication could receive most
effective attention.

Miscarriage occasionally occurs. Medical care early in preg-
nancy will give the physician an opportunity to prevent the mis-
carriage wherever possible and to take care of the patient in any
case. Prompt treatment is important, since any abortion or mis-
carriage is dangerous, whether accidental or induced.

Community Standards of Maternity Care—The responsibility
of the community or the state in providing the proper facilities
for suitable maternity care is set forth in the following list of
requirements, suggested by various authorities:

1. Maternity or prenatal centers, sufficient to provide for all cases not

receiving prenatal supervision from private physicians. The work of such a
eenter should include:

Hygienic care brings health to mother and
child,
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(a) Complete physical examination by a physician as early in pregnancy as
possible, including pelvic measurements, examination of heart, lungs, abdomen,
and urine, and the taking of blood pressure; examination of urine every four
weeks during early months, at least every two weeks after six months, and
more frequently if indicated; Wassermann or other blood test.

(b) Instruction in hygiene of maternity and supervision throughout preg-
nancy, through at least monthly visits to maternity centers until end of sixth
month, and every two weeks thereafter. Literature to be given mother to ac-
quaint her with the principles of infant hygiene.

(¢) Employment of sufficient number of public health nurses to do home
visiting and to give instruction to expectant mothers in hygiene of pregnancy
and early infancy; to make visits and to care for patient in confinement;
and to see that every infant is referred to a children’s health center.

(d) Confinement in a hospital or at home by a physician or a properly
trained and qualified attendant.

(e) Hospital care or nursing service at home at the time of confinement
and during the lying-in period.

(f) Daily visits for five days, and at least two other visits during second
week by physician or nurse.

(g) At least ten days’ rest in bed after a normal delivery, with sufficient
household service for four to six weeks to allow mother to recuperate.

(h) Examination by physician six weeks after delivery before discharging
patient.

(Where these centers have not yet been established, as many as possible of
the provisions here enumerated should be carried out by the community nurse,
under the direction of the health officer or local physician.)

2. Clinics, such as dental clinics and vepereal disease clinics, for needed
treatment during pregnancy. ’

3. Maternity hospitals, or maternity wards in general hospitals, sufficient
to provide care in all complicated cases and for all women wishing hospital
care; free or part-payment obstetrical care to be provided in every necessitous
case at home or in a hospital.

4. All midwives to be required by law to show adequate training, and
to be licensed and supervised.

5. Adequate income to allow the mother to remain in the home through
the nursing period.

6. Education of general public to problems presented by maternal and in-
fant mortality and their solution.

THE INFANT

Infancy is the first year of a child’s life. It is a period fraught
with great dangers. At no other year in life until extreme old
age is the death rate so high. Sir Arthur Newsholme said: ‘‘In-
fant mortality is the most sensitive index we possess of social wel-
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fare. If babies were well born and well cared for, their mortality
would be negligible.”’

The general trend of infant mortality in the United States has
been downward during the past quarter century and more. The
rate varies in different communities, depending on the extent to
which hygienic and sanitary practices are carried on by the
people and on the economic status of the population. The drop in
the infant death rate reflected in the following table is typical
of what has taken place over the country.

DIARRHEA &
ENTERITIS

( under 2 years)
DEATH RATE
v MICHIGAN
1900 - 1946

I— L 1 Lo ) 1 ! [
1900 1905 1910 195 1920 1925 1930 1935 1940 1945

(Michigan Department of Health)

The chief causes of infant deaths are those that can be con-
trolled by intelligent care of the infant and the mother. Pre-
maturity, acute respiratory diseases, acute gastrointestinal dis-
ease, and congenital debility lead the list of specific causes of
death, State health departments help to make baby incubators
available for infants born prematurely; and constant progress is
being made in reducing the amount of communicable disease.
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A relatively rare hemolytic discase of the newborn, erythro-
blastosis fetalis, has been found to be due to an inherited mendelian
factor, called the Rh factor (so named from the Rhesus monkey
used experimentally). Over 85 per cent of the population are
Rh positive. There is danger only when an Rh-positive man
marries an Rh-negative woman. The first child of such a marriage is
usually normal, but while the fetus is in the uterus the Rh substance
passes through the placental membrane and sensitizes the mother
who produces antibodies against it. These antibodies are capable
of destroying the red blood cells of Rh-positive blood. If the
mother developes a large amount of antibody, children from
succeeding pregnancics may develop anemia directly after birth.

INFANT MORTALITY RATES IN NEW YORK Crry (1900-1945)

NUMBER DEATHS UNDER ONE

YEAR YEAR PER 1,000 LIVE
BIRTHS
1900 135
1905 122
1910 113
1915 98
1920 85
1925 64
1930 57
1935 48
1940 35
1945 30

If the condition is known, the infant may be successfully treated
by prompt blood transfusion, using blood from an Rh-negative
person. If a woman has repeated abortions her blood and that of
her husband should be tested for Rh factor. Many hospitals test
for this factor routinely in cases of pregnancy.

The hygienic practices particularly needed by the infant are
feeding, rest, and cleanliness. The formation of correct habits,
almost from the time of birth, is important to the child’s physical
and emotional health, During the first months, when the ‘‘flame
of life is feeble’’ and most rapid growth is taking place, it is ex-
ceedingly important that the mother learn from her physician,
from the health center, or from literature on infant hygiene, the
essentials in caring for her baby.
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Feeding the Infant.—Breast feeding is always preferable to
bottle feeding if the mother is properly nourished and is able to
supply sufficient milk. 1t should be remembered, however, that a
deficient maternal diet may seriously interfere with the quality
of mother’s milk.

In the United States there are four deaths among bottle-fed
babies to one death among breast-fed babies. The possibilities of
infection and of digestive disturbances are greatly increased with
the necessity of handling bottles. The greatest of care is needed
in keeping bottles sterilized.

WHOOPING COUGH
DEATH RATE v MICHIGAN
, 19001946

1h Rate per 100,600 porulation

1 1 1 1 L 1 T !
1900 1905 1910 1915 19¢0 1925 1930 1935 1940 1945

(Michigan Department of Health)

If cow’s milk is used, it should be pasteurized and given subse-
quent protection from contamination. Pasteurizing requires little
special equipment and can readily be done in the home, if neces-
sary. There are some chances of imperfect pasteurization under
home conditions, however, and it is much safer to bring the milk
to the boiling point for one minute. Such milk should be cooled
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again quickly. Boiling for one minute is just as effective as pas-
teurization and tends to make the milk easier to digest.

The table on page 50 shows the quantitative (but not the qualita-
tive) differences in the protein, carbohydrate, and fat content of
cow’s milk and human milk. Cow’s milk must be modified to make
it suitable for infant feeding. When using dried milk instead of
the fresh, it is important to select whole milk. Skim milk lacks the
butter fat required by the baby. Unsweetened evaporated milk
should be used in preference to condensed milk to which sugar
has been added. The evaporated milk is an excellent food that
can be properly modified. '

Infant Care.—-Babies should be weighed regularly and their
feeding directed by those who, by experience and training, are
best qualified. The introduction at the appropriate time of sup-
plementary foods such as orange juice, cod-liver oil, egg yolk, and
vegetables to the diet of both the breast-fed and the bottle-fed baby
is important. The feedings must be carefully regulated according
to the age of the infant. Unless supplementary food is given,
there is danger of rickets or seurvy in varying degrees. Undis-
turbed rest, fresh air, sunshine, and loving eare are important to
the welfare of the infant,

The young infant should be vaccinated against smallpox before
he is a year old regardless of whether or not smallpox is preva-
lent. Immunization against diphtheria, tetanus, and whooping
cough are usually given at the age of six months or soon there-
after. Six months later the Schick test should be given to de-
termine whether protection against diphtheria has been established.

At the time of birth the baby’s eyes are treated with two drops
of 1 per cent silver nitrate solution to prevent ophthalmia neo-
natorum, or babies’ sore eyes, which may cause blindness.

Measles and whooping cough are both highly fatal in infanecy.
Children should always be protected from exposure as long as
possible. As indicated a vaccine is being used successfully against
. whooping cough. In the case of measles if the baby is inoculated
within a week after exposure with serum from a person who
has recovered from measles, the disease can be prevented or made
very mild. Gamma globulin is very effective in preventing or
modifying measles. This is prepared as a clear colorless solution of
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the protein substances from human blood which contain the
immune bodies against infectious disease. It appears to be of
value also in preventing whooping cough, complications from
mumps in adults, and possibly some other infections.

Babies should be kept away from any person who has tuber-
culosis, even though it be the father or mother. They should be
protected from anyone with a chronic cough, since this may be
unrecognized tuberculosis. Babies are very susceptible to colds
and should be isolated from any person with one. Acute respira-
tory disease is always a leading cause of infant deaths. Care
should be taken to avoid all possibility of conveying germs from
the nose or mouth to the baby, since some persons earry infection
although they show no symptoms.

Caring for a baby is so important that it requires not only in-
telligence but also preparation and guidance. In this chanter we
have indicated only a few of the problems that require attention.
The aid of the physician or the health department of eity or state
should be sought. These agencies have available a wealth of ex-
cellent literature.

Community Standards of Child Welfare.—The duty of the com-
munity is set forth by the Children’s Bureau in the following set

The visiting nurse
teaches infunt care to
the mother in the home.
(Courtesy National Or-
ganization for Public
Health Nursing.)
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of standards for child welfare relating to infants and preschool
children:

1. Complete birth registration by adequate legislation requiring reporting
within three days after birth.

2. Prevention of infantile blindness by making and enforcing adequate
laws for treatment of eyes of every infant at birth and supervision of all
positive cases.

3, Sufficient number of children’s health centers to give health instruction
under medical supervision for all infants and children not under the care of
a private physician, and to give instruction to mothers in breast feeding and
in care and feeding of children, at least once a month throughout the first year,
and at regular intervals throughout preschool age. This center to include a
nutrition and dental clinie.

4. Children’s health center to provide or to cooperate with sufficient number
of public health nurses to make home visits to all infants and children of
preschool age needing care—one public health nurse for an average general
population of 2,000. Visits to the home are for the purpose of instructing
the mother in—

(a) Value of breast feeding.

(b) Technic of nursing.

(¢) Technic of bath, sleep, clothing, ventilation, and general care of the
baby, with demonstrations.

(d) Preparation and technic of artificial feeding.

(e) Dietary essentials and selection of food for the infant and for older
children.

(f) Prevention of disease in children.

5. Dental clinics; eye, ear, nose, and throat clinics; venereal disease clinics;
and other clinies for the treatment of defects and disease.

6. Children’s hospitals, or beds in general hospitals, or provision for medical
and nursing care at home, sufficient to care for all sick infants and young
children.

7. State licensing and supervision of child-caring institutions or homes in
which infants or young children are cared for.

8, General educational work in prevention of communicable disease and in
hygiene and feeding of infants and young children.

It will be interesting for the student to investigate the extent
to which these standards are met by his own community.

THE PRESCHOOL CHILD

The preschool child is the child from one to six. This is a time
when habits that are vital in the mental and physical life of the
child are being formed for good or ill. Because the child is able
to run about, he is more independent than the infant, and hence
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more difficult to care for. Much time is required to give him the
necessary training. Unfortunately, this is not always provided.
The preschool age is sometimes called the ‘‘neglected age.”’

The Health Program for the Preschool Child.—A glance at the
chart giving distribution of deaths by ages shows that the death
rates for the preschool child are mueh lower than those for in-
faney. Nevertheless, supervision by a physician is necessary not
only to keep the child well but also to insure his proper develop-
ment. A health examination twice a year by a doctor who has
had experience in the care of children will enable the parent to
learn of any abnormalities that need attention; to know whether
the child is growing properly; and to determine whether his
nutritional needs are being amply met. Deviation from normal in
eyesight or in hearing can be most satisfactorily corrected if
found and treated before the age of 6. Defects of adenoids and
tonsils need medical attention to see whether they should be re-
moved.

The dentist should wateh the growth of the teeth, clean them,
and fill cavities. The deciduous teeth are very important in the
development of a normal jaw and in bringing in the permanent
teeth with proper alignment. It is a mistake to allow these to be
neglected on the score that they are only ‘‘temporary’’ teeth.
The term ‘‘temporary teeth’’ is no longer regarded by the dental
profession as a desirable one in view of the great importance of
these teeth in normal growth. A visit to the dentist every six
months or as often as the dentist deems necessary is important from
the time the child is 2 years old.

In addition to this expert aid from the physician and dentist,
the child should have a well-planned regimen with attention to
diet, sleep, play, and exercise in the sunshine. He should also be
guided in the formation of good habits with regard to cleanliness
and elimination.

Communicable diseases usually show a higher fatality during
infancy and the preschool period than later in life. So far as
possible the child should be protected from them. Each year that
they are postponed increases his chance of complete recovery.

Persons who are sick should keep away from young children.
The common cold, often discounted as ‘“only’’ a cold, may have
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