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PRKEFACE.

The aim of the anthor in writing this book has
been to place in the hands of the American student,
practitioner, and sanitary officer, a trustworthy guide
to the principles and practice of preventive medicine.

He has endeavored to gather within its covers the
essential facts upon which the art of presérving health
is based, and to present these to the reader in clear
and easily understood langnage.

The author cannot flatter himself that much in the
volume is new. IHe hopes nothing in it is untrue.
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CHAPTI‘.:.R I
LN
Exacr investigation 1n o-thie influence of the at-
mosphere upon health is yet in its infancy. Enough
has been learned, however, to show that changes in the
composition of the air, in its density, its temperature,
its humidity, its rate and direction of motion, and pos-
sibly its electrical or magnetie conditions, influence in
various ways the health of the individual. It is only
very recently that any scientific attempts have been
made to trace the bearing of atmospheric changes upon
health. The observations already recorded indicate
that a thorough study of meteorological phenomena in
connexion with the origin and progress of certain dis-
eases, 1s a promising field of labor for the eduneated
sanitarian.  The meteorological observations which
have been gathered by the United States Signal Service
during the past thirteen years, already form such a
large and tolerably complete and well-arranged body of
facts, that reasonably accurate deduetions can even now
be made. Heretofore, in studying the sanitary rela-
tions of the atmosphere, both in this country and
abroad, the attention of observers has been riveted
almost exclusively upon the changes in its composition
occurring within certain limited areas. It is, perhaps,
equally important to study this universally diffused
and necessary condition of vital activity in its broader
and more general relations. It will be shown in the
course of the present work, that the meteorological
features of countries, or of seasons, or even the daily
atmospheric changes, exercise an important influence

-
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upon life and health. In order to fully appreciate
these relations it will be necessary to first give a brief
summary of the facts and laws of meteorology.

THE COMPOSITION AND PHYSICAL CONDITIONS OF
THE ATMOSPHERE.

Atmospheric air is a mixture of four-fifths of nitro-
gen and one-fifth of oxygen ; more accurately 79.00 of
the former, to 20.96 of the latter. In addition, there
is constantly present a modicum of carbonie aeid,
usually about .04 per cent., (3 to 5 parts in 10,000),
and a variable proportion of vapor of water.

These proportions are maintained, with very little
change, at different heights. At first thought, it
would™ seem that earbonie acid, being much heavier
than the other constituents of air, would acenmulate in
the lower regions of the atmosphere, but in obedience
to the law of diffusion, the intermingling of the com-
ponent gases is perfect, and the proportion of carbonie
acid in the atmosphere is quite as great on mountain-
tops as in the deepest valleys.

The proportion of nitrogen in atmospherie air is
generally uniform, while that of oxygen varies, de-
pending to a great extent upon the amount of carbonie
acid present. Hence an increase in the amount of the
latter constituent is usunally accompanied by a diminu-
tion of oxygen, inasmuch as the formation of ecarbonie
acid can only take place at the expense of oxygen.
The reciprocal activities of animal and vegetable life
are beautifully illustrated by these relations between
the oxygen and carbonie acid in the air. In the pro-
cesses of combustion and oxidation, oxygen is with-
drawn from the atmosphere and combines with carbon,
forming carbonic acid. During vegetable growth, on
the other hand, carbonie acid is withdrawn from the
air by the leaves of plants, and decomposed into its
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elements, carbon and oxygen. The carbon is used in
building up the plant, while the liberated oxygen is
restored to the atmosphere. The animal consumes oxy-
gen and gives out carbonic aeid ; the plant resolves this
componnd into its constituent elements and gives back
the oxygen to the air again.

The atmosphere extends upward from the surface
of the earth to an indefinite distance. The limit has
been variously placed at from forty-five miles to twenty-
five thousand miles. In obedience to the law of gravity,
this mass of air everywhere presses directly down-
ward—toward the earth’s centre—with a force equal to
its weight. If a column of this air be balanced by a
column, or mass of any other matter—the columns
being of the same diameter—we have a relative measure
of the weight of the atmosphere. The instrument with
which the weight, or downward pressure of the air is
measured, is called a barometer. The atmosphere, at
the sea-level, presses downward with a force equal to the
pressure of a column of mercury thirty inches high.
Hence, the barometric pressure at sea-level is said to be
thirty inches. If the barometer be carried to the sum-
mit of a mountain one thousand feet above the level of
the sea, or taken to the same altitude in a balloon, the
mercury in the barometer tube will fall about one inch.
This inch of the mercurial column represents the
weight of the one thousand feet of air now below the
barometer, and consequently not measured or balanced
by it.* :

Upon ascending from the sea-level, it is found also
that the air, being less pressed upon by that which is
still above it, becomes more rarefied and lighter ; its
tension, as it is termed, is less. Hence, for the second
thousand feet of ascent above the sea, the mercury will

= = =—mrr - = —_— 1 —

* The fignres here given are not absolute, but merely approximate. The limits
of this work do not allow a full discunzsion of the meteorological elements modifying
the pressure of the atmosphere at sea-level,
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fall a less distance in the tube, the weight removed not
being so great as in the first thousand feet.

Variations in temperature and humidity of the air
influence the tension of the atmosphere in a marked
degree, and affect the height of the barometric column.
In faet, most of the changes of atmospheric pressure at
the surface of the earth, are directly due to changes in
temperature and humidity. Increase of temperature
diminishes the density of the air. Hence, when the
temperature rises, the pressure decreases. The propor-
tion of moisture (aqueous vapor), if increased, like-
wise causes a diminution In pressure. '

The warmth of the air is primarily derived from
the sun. On a clear day about one-fourth of the heat
of the sun’s rays is given off directly to the air during
the passage of the heat-rays to the earth. Of the re-
maining three fourths, part is reflected from the earth,
while the larger portion is first absorbed by the earth
and then given off by radiation and convection to the
superincumbent air.

The air is always warmer near the earth’s surface
on a clear, sun-shiny day ; for, as soon as the earth gets
warmer than the air immediately above it, the excess of
heat is given off to the latter by convection and radia-
tion. On ascending from the surface of the earth the
temperature decreases, and on the summit of a high
mounntain, the air is always colder than at its base.

Prof. Tyndall has shown that dry air does not ab-
sorb heat. For this reason, the sun’s rays strike the
earth with much greater intensity on a very dry than
on a moist day, while on the latter a larger proportion of
the heat rays is intercepted before they reach the earth.

Air at different temperatures is capable of absorb-
ing different amounts of aqueous vapor. Thus, air at a
temperature of 40° will require a much smaller amount
of vapor to produce saturation than air at a tempera-
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ture of 80°. For this reason air which appears ‘damyp’
at the former temperature, both to the bodily sensa-
tions and to appropriate instruments, would be consid-
ered as ‘dry’ at the latter temperature, although the
actnal amount of vapor present, or absolute humidity,
is the same in both cases.® In meteorological observa-
tions for sanitary purposes, the relative humidity is
the condition deserving especially careful study.

The motion of the air—wind—is caused by differ-
ences in pressure ; the latter being due to differences in
temperature and humidity. A mass of air fraversing a
large body of water absorbs vapor, unless already sat-
urated, and becomes moist; if it passes over a wide
tract of dry land it loses moisture and becomes dry.
Therefore 'in the eastern portion of the American con-
tinent, an easterly or southerly wind which comes from
over large bodies of water, and which is nsually warm,
and thus capable of holding a large quantity of water
in a state of vapor, is always moist. On the other
hand, a northerly or westerly wind, coming over a large
extent of dry land and from a colder region, is nearly
always adry wind. On the Pacific coast these condi-
tions are reversed ; there a westerly wind is a moist
wind, while an easterly wind is dry. It is probable
that the direction and rate of motion of air-currents
have considerable influence upon the origin or intensi-
fication of certain diseases.

The electrical and magnetic conditions of the at-
mosphere have been as yet studied to little advantage.
It is only known that atmospherie electricity is in
most cases positive, and that its intensity increases

¥ By ‘absolute humidity® iz meant the total amount of vapor present in a cer-
tain mass of air. By the term ‘relative humidity’ meteorologists designate the pro-
portion of vapor present at certain temperatures, compared with full satoration of
the air with vapor, which is reckoned 1. Thus, air which is saturated, or whose
relative humidity is 100 at 409, wonld have a relative humidity of only 24, if the tem-
perature were raised to 809, because in the latter case the capacity of the air for
agueous vapor is inereased. Relative humidity is always designated in percentages;
absolute humidity in grains per cubic foot.
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with condensation of vapor. There seems to be no
doubt that the varying states of atmospheric electrieity
are closely connected with evaporation and condensa-
tion. There is reason to believe that a fuller knowl-
edge on these topics will yield most important results
to the student of hygiene.

The presence of ozone in the atmosphere has a very
decided inferest to the sanitarian. This modified form
of oxygen which was discovered by Scheenbein in 1839,
is formed wherever there is oxidation without a very
high temperature.® What functions ozone performs in
the air except as an oxidizing agent, is not known.
An impression prevails largely that it has an import-
ant bearing npon the causation of disease, but too little
is known upon the subject to form the basis of a rational
theory.

The presence of ozone is detected by test paper, the
best being Schanbein’s, prepared as follows: Add ten
parts of starch to two hundred parts of pure water;
heat it until the starch gelatinizes, and then dissolve
one part of potassium iodide in the mixture. This
paste is then spread on unsized paper and rapidly dried
without exposure to sunlight. The paper is then kept
in a dry, dark place, until wanted for use.+

INFLUENCE OF CHANGES OF ATMOSPHERIC PRESSURE ON
HEALTH.

The effects of a considerable diminution of pres-
sure are familiar fo every one in the ‘mountain sickness’
which attacks most persons on ascending high moun-
tains. M. Bert has shown experimentally that similar
effects can be produeed in an air-tight chamber by dimin-
ishing the pressure.} The symptoms produced under a

#* R.C. Kenzie : On Ozone. Third Annual Report of the Michigan State Board
of Health, 1875, p. 187.—0n Ozone and Atmospheric Electricity, see an instructive
paper by the late Dr. GEorse M. Bearp, in Popular Science Monthly, Vol. IV., p, 456,

t Bee KEDZIE, above gquoted, p. 143,

+ Popular Science Monthly, V., p. 370,
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pressure equivalent to an altitude of from 13,448 feet,
to 16,728 feet, were a feeling of heaviness, nausea, ocu-
lar fatigue, rapidity of pulse and convulsive trembling
on slight exertion, and a sensation of languor and gen-
eral indifference to the surroundings of the individual.

M. Lortet, who has left on record his experiences
in the higher Alps, says that the symptoms noticed on
ascending to high altitudes are labored respiration,
inereased rapidity of pulse, depression of temperature,
(as much as 4°-7° C). The normal temperature was
restored, however, after a brief rest.*® Sfill more severe
symptoms have been noticed on ascending high moun-
tains in South America and Asia. Aeronauts have lost
conseiousness, and in several instanees life, on rapidly
ascending to great altitudes.+ Aeccording to the obser-
vations of the brothers Schlagintweit, distinguished
explorers of the highlands of Asia, the effects of dimin-
ished pressure upon the human organism are: ‘head-
ache, difficulty of respiration, and affections of the
Inngs,—the latter even proceeding so far as to occa-
sion blood-spitting, want of appetite and even nau-
sea, muscular weakness, and a general depression and
lowness of spirits. All these symptoms, however, dis-
appearin a healthy man almost simultaneously with his
return to lower regions.” A singular observation was
made by these travelers on the effect of motion of the
air upon the symptoms described. They say: ¢‘The
effects here mentioned were not sensibly increased by
cold, but the wind had a most decided influence for the
worse upon the feelings. . . . When occupied with
observations, we took very little, if any bodily exercise,
sometimes for thirty-six hours; it wounld frequently
oceur nevertheless, even in heights not reaching 17,000
feet, that an afternoon or evening wind would make us

* Real-Encyvelopaedie d. ges. Heilk. V., p. 5249,

+ MM. Sivel and Croce-Spinelli, two mronants, lost their lives in this manner
during an ascent from Paris, in April, 1875,
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all so sick as to take away every inclination for food.
No dinner was cooked; the next morning when the
wind had subsided, the appetite was better.

‘The effects of diminished pressure are consider-
ably aggravated by fatigne. It is surprising to what
degree it is possible for exhaustion to supervene; even
the act of speaking is felt to be a labor, and one gets as
careless of comfort as of danger. Many a time our
people,—those who ought to have served us as guides
—would throw themselves down upon the snow, declar-
ing they would rather die npon the spot than proceed
a step further.”*

These symptoms disappear when persons are ex-
posed to these conditions for a prolonged time. Thus,
in the Andes there are places thirteen and fourteen
thousand feet above sea-level, which are permanently
inhabited ; and in the Himalayas there are villages at a
height of over 15,000 feet constantly occupied. In this
country, Pike's Peak, 14,150 feet above the sea, has
been occupied since 1873 by observers of the signal ser-
vice. The men seem to become acclimated, as it were,
and suffer little or no inconvenience from the diminished
pressure, after a time. %

The effects of increased pressure of the atmosphere
are especially manifested in divers, and in workmen in
deep mines and tunnels. The symptoms are decrease
of respiration, diminution in frequency of the pulse,
ringing in the ears, earache, headache, mental depres-
sion and sometimes actual deafness. ¢ When the work-
men leave the compressed air, they are said to suffer
from hemorrhages and occasional nervous affections,
which may be from cerebral or spinal hemorrhages.’+
The workmen, however, soon become habituated to these

* Results of a Scientific Mission to India and High Asia, By HErMaAxN, ADOLPHE
and Roperr DEe Scaracisrwerr. Vol 1L, pp. 484-5.

1-- Parkes' Practical Hygiene, 6th ed., New York, Vol. I1., p. 92,
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changes and then suffer little inconvenience upon expo-
sure to the increased pressure.

INFLUENCE OF CHANGES OF TEMPERATURE ON HEALTH.

Many of the derangements of health ascribed to
high temperature are to a considerable degree due to
other factors, prominent among which are high humid-
ity, intemperance, overwork and overcrowding. There
can be little doubt, however, that the importance of the
high temperature itself can hardly be overrated. It has
been generally accepted heretofore that a high temper-
ature together with a high relative humidity is most
likely to be followed by sunstroke. A careful compar-
ison in a series of deaths from sunstroke in the city of
Cincinnati in the summer of 1881, shows, however, con-
clusively, that a very high mean temperature with a
low relative humidity is more liable to be followed by
sunstroke than the high temperature when accompanied
by a high humidity. The same series of observations
also shows that the number of deaths was greater on
clear days than on cloudy or partly clondy days.™ A
corroboration of this result is found in the fact that
sunstrokes very rarely oceur on shipboard, at sea,
where the relative humidity is always high.

Diarrheeal diseases, both of adults and children,
are much more frequent during hot than during cold
weather, (and in hot than in cold climates), but it is
probable that other factors aid in the production of
these diseases beside the high temperature.

Certain epidemic diseases are likewise more fre-
quent in, or exclusively confined to, hot climates.
These are cholera, yellow fever and epidemic dysentery.
Elephantiasis and the prevalence of certain skin dis-
eases seem also to have some connexion with a con-
stantly high external temperature. The intimate rela-

* A, J. Mices: The Sunstroke Epidemic of Cincinnati, 0., during the Summer
of 1881. Public Health, Vol. VIL., p. 293-304.
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tion between cause and effect is not clearly understood,
although the belief is current that the origin and spread
of such diseases depend upon the development of vari-
ous parasitic organisms.

Extreme low temperature, as observed in the arctic
regions, seems fo produce a progressive deterioration of
the blood, (anemia), in consequence of which most
natives of temperate regions who are compelled to
remain in the far north longer than two winters, sue-
cumb to various hemic diseases, scurvy being the most
prominent. It is not improbable, however, that the
dietary furnished is responsible 1nr a large share of the
evil effects ascribed to cold. The absence of sunlight
for a_considerable part of the winter season, may also
have much to do with the bad influences for which the
low temperature 1s held responsible.

Among the acute effects of great cold, frost-bite is
the most frequent, as well as the most serious. Loss
of portions of the nose, or ears, or even of entire mem-
bers are not infrequent results of frost-bite.

In the arctic regions, one of the most annoying
affections which the traveler has fo contend against, is
snow-blindness, a severe ophthalmia produced by the
glare of the snow. Neutral tinted glass goggles should
be worn as a preventive,®

HUMIDITY OF THE ATMOSPHERE AS CONNECTED WITH
CHANGES IN HEALTH.

The propagation of certain acute infections diseases
is believed to be due to a high relative humidity.
There can be no longer any doubt that a very humid
soil and air, especially if connected with a variable
temper ﬂ,turn.:-. are almost constant factors in the produe-

— e — i

¥ See PAYER'S \d.r'mtnuu’r the Jn:l:«tr:::m Arctic Vovage of 187274, p. 250-3 and
817, for an account of the effects of cold on the organism, and on the best prophy-
lactic measures to be adopted. The Report of the Surgeon General of the 17, 5, Navy
for 1850, also contains (pp. 350-8) a valuable memorandum by Surgeon-General Porse
5. Wares, on Arctic Hygienae,
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tion of pulmonary phthisis. Recent experience in this
country and abroad has shown that the high plateaus
and mountains, far inland, where the soil is dry and
the relative humidity of the air low, are the best resorts
for consumptives.

Of the effects of excessively dry air on health,
little definite is known. It seems probable, however,
that catarrhal affections of the respiratory mucous
membrane are more frequent in a dry than in a humid
climate.

With reference to the influence of electrical condi-
tions of the atmosphere upon health, no observations
have been made which admit of definite conclusions
being reached.®

Mr. Alexander Buchan and Dr. Arthur Mitechell
have analyzed the influence of the weather and season
upon the causation of disease, or rather upon the mor-
tality from various diseases.t Taking the records of
the city of New York from 1871 to 1877, it appears that
the maximum number of deaths from small-pox oe-
curred in May, the minimum in September. From
measles there were two annual maxima and minima,
the greater in July and September, and the smaller in
February and April. From scarlet fever the maximum
was in April, the minimum in September. From
typhoid fever the maximum was from Aungust to Novem-
ber, the minimum almost equally distributed through-
out the rest of the year. From diarrheea, the maxi-
mum in July and August, the minimum from Decem-

..... e

* k. 8. WeIrR MircHELL has shown (from the record of the ease of Capt. Catlin,
T. 8. A, sea American Journal Med. Sei., April, 1877, and N. Y. Med. Jour., Ang. 25,
and Sept. 1, 1883), that attacks of neuralgia, in this casze at all events, accompanied
the progress of storms across the continent.,  Also, that the periods of maximam pain
ocourred with a high but falling barometer and increasing absolute humidity. There
seems also to be some relation in this case between the maximum pain and the maxi-
mum magnetic force as shown by the declinometer. Dr. MiToHELL'S papers are among
the most valuable positive contributions to hygienic meteorology and deserve careful
study.

t Journal Scottizh Meteorological Soclety, 15758, Abstract in Ricmannsox's
Preventive Medicine, Phila., 1884, p. 533, et zeq.
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ber to March. From diphtheria the maximum in De-
cember, the minimum in August.®* From whooping-
cough, maximum in September and February, mini-
mum in November and June. For croup, the curves
agree pretty closely with the diphtheria curves. From
phthisis, the maximum in March, minimum in June.
From suicide, curiously the greater number oeccurs in
May, the smallest in February. This is contrary to
the nsual supposition that gloomy weather predisposes
to suicide. In Philadelphia, the results of an examina-
tion of the statisties of suicide for ten years are almost
exactly similar. Outof 636 cases of suicide, 78 oceurred
in May, 71 in August, 57 in December, 54 each in Octo-
ber, July and April, 52 in June, 49 in November, 44
each in December and February, 43 in March, and 36
in January.t Dr. Lee is led to believe ‘that a low ba-
rometric pressure, accompanied by a high thermometrie
registry, with sudden fluctuations from a low to a high
temperature, together with much moisture and prevail-
ing south-west winds, might somewhat account for the
frequencey of self-murder in the spring and summer
months.’

THE SANITARY RELATIONS OF CHANGES IN COMFPOSITION
AND OF IMPURITIES IN THE AIR.

The average proportion of carbonic acid in the
atmosphere is from 3 to 5 parts in 10,000. Petten-
kofer + places the maximum limit of carbonic acid
allowable in the air of dwellings, at 7 parts in 10,000. It
is probable that this limit is very frequently exceeded
without serious consequences to health, if the air is not
at the same time polluted by organie impurities, the

* See paper on the relation of wua{..';wr to mortality from diphtheria in Balti-
more, By Ricuann Hexey Taosas, in Trans. Med. and Chir. Faculty of Maryland, 1853,

+ Joux G. LEr: Suicide in the City and County of Philadelphia during a decade,
1872 to 1881 inclusive. Trans. Am. Med. Asso., Vol 33, p. 425,

£ Quoted in Brer's Hygiene and Publie Health, Vol. 1., p. 615.




AIR. 13

products of respiration. Prof. William Ripley Nichols,
found the air in a school-room in Boston to contain
elight times the mormal proportion of carbonic acid,
while Pettenkofer found, also in a school-room, after the
same had been occupied two hours, eighteen times the
normal proportion, or 72 parts in 10,000.* W hile such
an excess of this poisonous gas must unguestionably
have an unfavorable influence upon health, it is proba-
ble that the most serious effects are due to the coineci-
dent diminution of oxygen and the pollution of the air
by the produects of respiration which necessarily take
place during respiration. Carbonic acid alone may be
present in the air to a much greater extent than above
mentioned, without causing any appreciable inconve-
nience. In the air of soda-water manufactories there
is frequently as large a proportion as two per cent. of
this gas present without producing any ill effects upon
those breathing such an atmosphere.

The amount of earbonic acid in the atmosphere is
greatest at night. Itis also greater very near the ground
than at a distance of several feet above it. As carboniec
acid is absorbed by the leaves of plants during the day-
time, but given off at night, the difference may partly be
thus accounted for. According to Fodor,t the source
of a large proportion of the carbonic acid in the air,
is the decomposition going on in the soil. This ae-
counts for the larger percentage of carbonic acid near
the ground. This would also explain the variation of
the proportion of carbonic acid in the air under differ-
ent meteorological conditions. Forexample, it is found
that during rainy weather the carbonic acid in the air
is diminished. This is accounted for partly by the ab-
sorption of the carbonie acid by the saturated ground,

* See table in Buck's Hygiene and Public Health, Vol. 1., p. 612,

t Fonor: Hygienische Untersuchungen ueber Luft, Boden und Waszer, Braun-
gechweig, 1882, 2te Abth. -
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while at the same time the porosity of the soil is dimin-
ished and the escape of the ground air prevented.

Mr. R. Angus Smith made a number of experi-
ments upon himself to determine the effects of an at-
mosphere gradnally becoming charged with the pro-
duets of respiration and perspiration. His experiments
were conducted in a leaden chamber holding 170 cubie
feet of air. This air was not changed during the exper-
iment. After remaining for an hour in this e¢hamber,
an unpleasant odor of organic matter was perceptible
on moving about. The air when agitated felt soft, ow-
ing doubtless to the excess of moisture contained in it.
The air soon became very foul, and although not pro-
ducing any discomfort, the experimenter states that
escape from it produced a feeling of extreme pleasure,
like ‘that which one has when walking home on a fine
evening after leaving a room which has been erowded.’*

Hammond*t confined a mouse in a large jar in which
were suspended several large sponges saturated with
baryta water, to remove the carbonic acid as rapidly
as formed. I'resh air was supplied as fast as required.
The aqueous vapor exhaled was absorbed by chloride
of caleium. The mouse died in 45 minutes, evidently
from the effect of the organic matter in the air of the
jar. The presence of this organie matter was demon-
strated by passing the air through a solution of potas-
sium permanganate.

The horrible story of the ‘black hole’ of Caleutta
is familiar to every one. Of 146 prisoners confined in
a dark cell at night, 23 were found alive in the morn-
ing. Among the survivors a fatal form of typhus fever
broke out, which carried off nearly all of them. After
the battle of Austerlitz, 300 prisoners were crowded in
a prison; 260 died in a short time from inhaling the

* ﬁir and Rain, p. 138,
+ A Treatize on Hygiene, with gpecial reference to the Military Service. By WL
A. Haxyonn, M, D., Surgeon-General U. 8. Army. Philadelpbia, 1863, p. 170.
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poisoned air. Numerous other similar examples of the
effects of polluted air are recorded.

Usnally the effects of foul air are not so sudden
and striking. In most instances, especially where the
pollution has not reached a high degree, there simply
results a general deficiency of nutrition, which mani-
fests itsef in anemia, loss of vigor of body and mind,
and a gradual diminution of resistance to disease.

It seems to be beyond question that persons who are
constantly compelled to inhale impure air, especially
if combined with an improper position of the body, or
lack of sufficient or appropriate food, furnish a very
large percentage of chroniec pulmonary affections.
Phthisical patients, in the overwhelming majority of
cases, are drawn from the classes whose occupations
keep them confined in close rooms. Want of exercise,
and of good food, doubtless aid in the development of
the lung disease. Formerly, when less attention was
paid to the proper construction and ventilation of bar-
racks and prisons, the mortality from phthisis among
soldiers and eriminals was much greater than it is now,
In animals kept closely confined, the same disease
¢laims a large share in the mortality.

" Near the end of the last century, over one-third of
the infants born in the old Dublin Lying-in Hospital,
died of epidemic disease. After the adoption of an
improved system of ventilation, the mortality fell to
about one-tenth of what it had previously been. To
illustrate the effect of similar conditions upon the health
of domestic animals, the following instance is cited:
Upward of thirty years ago, a severe epidemic of influ-
enza in horses appeared in Boston. At the instigation
of Dr. H. I. Bowditch, every stable in the city was
inspected and classified, as ‘excellent,” ‘imperfect,” or
‘wholly unfit,” in respect to warmth, dryness, light,
ventilation and cleanliness. It was found that in the
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first class fewer horses were attacked and the disease
was milder, while in the third class every horse was
attacked, and the more severe and fatal cases oceurred.

Carbonic oxide gas is a very dangerous impurity
often present in the air of living-rooms. Being an in-
gredient of illuminating gas, as well as the so-called
coal-gas, which so frequently escapes from stoves and
furnaces, its dangerous character becomes apparent.
Many persons die every year in this country from the
inhalation of illuminating gas. People unacquainted
with the mechanism of the gas-fixtures, frequently blow
out the light instead of cutting off the supply of gas by
turning the stop-coek. It is also a prevailing custom
to keep the light burning ‘low’ during the night. Any
considerable variation of pressure in the pipes, or sud-
den dranght, may put out the light and permit the gas
to escape into the room with fatal effect. Leaks in the
pipes or fixtures may have the same results.

Coal, coke, or charcoal fires may produce serious
or fatal poisoning, if the gas, which contains a large
proportion of carbonic oxide, is permitted to escape
into the room. In certain parts of Europe, notably in
France, the inhalation of the fumes of a charcoal fire is
a favorite method of committing suicide.

Sulphuretted and earburetted hydrogen are not
infrequently present in the air, especially about cess-
pools, and in mines and certain manufacturing estab-
lishments. Sulphuretted hydrogen is generally consid-
ered to be a violent poison, but there is no evidence
that it is so unless oxygen is excluded.

Carburetted hydrogen is the so-called ‘fire-damp’
of mines, which is so often the cause of fatal explosions.
I'ts inhalation does not seem to be especially noxious.
It will be more fully referred to in a sneceeding chapter.

Variations in the proportion of ammonia present
in the air are frequent. Its presence is an indication
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of organic decomposition in the vicinity, but nothing
is known of the influence of the gas itself npon health,
in the proportion in which it is ever found in the
atmosphere.

SEEWER ATR.

Sewer air, or sewer gas, as it is often improperly
called, is a variable mixture of a number of gases,
vapors, atmospherie air and solid particles, and is de-
rived from the decomposition of the animal and vegeta-
ble contents of sewers. A number of analyses by dif-
ferent chemists have shown that the composition of
sewer air is extremely variable. The most important
components, in addition to the constituents of atmos-
pheric air, are: earbonic acid, ammonia, sulphuretted
hydrogen, and a number of volatile organic compounds
which give to sewage its peculiar odor, but which are
present in such small quantity as to prevent accurate
determination by chemical means. Sewer air may also
contain particulate bodies, bacteria and other micro-
scopic organisms which are supposed by many to be
the active causes of infectious diseases.

When the contents of sewers remain in these re-
ceptacles or conduits long enough to nndergo deeompo-
sition, sewer air is always present. It isbelieved by some
physicians and sanitarians that sewer air is the direct
cause of such diseases as typhoid fever, scarlet fever,
diphtheria and cholera, while others hold the view that
the sewer air is merely a favorable breeding place for
the germs of these diseases, and that it thus merely acts
as a medium in which the infective agent grows, repro-
duces itself, and is conveyed from place to place. There
is no absolutely reliable evidence in favor of either
of these doctrines.

It is hardly open to question, however, that the
continual breathing of air polluted by emanations from



18 TEXT-BOOK OF HYGIENE.

sewers often produces more or less serious derangements
of health. Diarrhea, and other intestinal affections,
mild cases of eontinued fever, and even cases of un-
doubted typhoid fever have been so frequently noted in
connexion with defective sewerage, and the escape of
sewer air into inhabited rooms, that doubt upon this
point is hardly justifiable. With regard to typhoid
fever, however, it is probable that the sewage in these
cases contained the particular virns which causes this
disease.

The effluvia from cemeteries, knackeries, and other
places where the bodies of animals are undergoing de-
composition are, it is believed with good reason, dele-
terious in their effect upon health.

Prof. Tyndall has shown* that even the apparently
clearest air is, when in motion, constantly filled with
innumerable particles of dust, which are believed by
many to give rise to various forms of disease. The
presence of these particles can be easily demonstrated
by means of the electrie light. Everyone has observed
these minute particles in a bright ray of sunlight.
Under ordinary conditions these particles of dust would
of course give rise to no trouble, but if intermingled
with these dust specks there were disease germs—
whether these germs be considered as living organisms,
or as particles of dead tissue from the body, then man-
ifestly the inhalation of such ‘dust’ would be danger-
ous.

The quantity of dust found in the air of cities is
much greater than in the country. Tissandier found
that in Paris the percentage of dust waseight to twelve
times greater than in the open country. Omne-fourth to
nearly one-half of this atmospheric dust is organie,
either animal or vegetable. Very recent observations
have shown that in Paris the air contains nine or ten

#* Ea=zays on the Floating .‘l'[H.f.-ti.H" of the Air. New i’UI'k. 1883,
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times as many bacteria in a given volume as the air at
the observatory of Montsouris, just without the city.

TESTS FOR IMPURITIES IN THE AIR.

The sense of smell will indicate the presence of
sulphuretted hydrogen, or of volatile organic matter.
Chemical tests and the microscope will, however, be
necessary to determine the presence of carbonic acid,
carbonie oxide, or suspended particulate matter in the
air.

[n order to detect the presence of carbonic acid,
advantage is taken of the affinity of the acid for certain
alkalies with which it forms insoluble compounds. If
a stream of carbonie acid gas is passed through lime or
baryta water, an insoluble carbonate of lime or barvta
is instantly formed, and produces a milky preecipitate
in the water. If, instead of passing a stream of the
gas through the liguid, the latter be agitated with air
containing carbonic acid, a similar precipitate is pro-
duced. The most exact method of determining the
amount of carbonie acid in the air is that known as
Pettenkofer's,® but it is somewhat complicated. A
readier method has been devised by Mr. Angus Smith,
and is termed the minimetric test.+ A series of six
wide-mouthed bottles, having a capacity respectively
of 450, 350, 300, 250, 200 and 150 cubic centimeterst is
fitted with clean, tightly-fitting corks. The bottles are
made perfectly clean and dry, and 15 cu. em., (3% drams)
of clear, fresh lime or baryta water put into the smallest,
the cork replaced and the bottle well shaken. If the
water becomes turbid there is at least .16 per cent (16
parts per ten thousand) of carbonie acid in the air
treated. If only the water in the largest bottle becomes

* Nowak, Lehrbuch der Hygiene, p. 149,
T Nowag, op. cit., p. 152,

$ The equivalents in English measures are: 14 oz., 11 oz., 94 oz., 8 0., G4 oz.,
and 435 0z,
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clondy, the proportion of carbonie acid is probably less
than 5 parts in 10,000. For the intermediate series of
bottles, the amounts of carbonic acid necessary to pro-
duce clondiness are respectively: for 200 cu. em. of air,
12 parts in 10,000; for 250 cu. em., 10 parts; for 300
cu. em., 8 parts: and for 350 cu. em., 7 parts per 10,000.
If therefore a eloudiness is produced with any of the
bottles except the largest, the amount of carbonic acid
present exceeds the standard allowable in pure air.
The test should be frequently made, in order to acquire
familiarity with its use. The same quantity of the test
liguid is of conrse used in each bottle.

Carbonic oxide is detected by its reaection with
chloride of palladium, which gives a black color when
brought in contact with the gas. If a strip of linen,
or blotting paper be moistened with a solution of the
palladium chloride (gr. j to % j), and suspended in air
containing earbonic oxide, the black color will be de-
veloped. The suspected air may also be passed through
a solution of sodio-chloride of palladium, when the
ligquid will turn black, if earbonic oxide be present.

The percentage of organicimpurity in the air of an
occupied room (produets of respiration, ete.)is diffi-
cult to ascertain directly. Pettenkofer has found, how-
ever, that the proportion of carbonie aeid present is
indirectly a measure of the organic impurity from res-
piration.® As the determination of the carbonie acid
is easy by the minimetric method of Angus Smith, the
extent to which the air is polluted by respiratory im-
purities is readily ascertained.

The presence of organic and other suspended impur-

* Recent obzervations in this conntry (zee Annunal Heports of the Surgeon-General
of the Navy for 1879, p. 45and 46, and the same for 1880, p. 31-34,) seem to throw some
doubt upon the entire reliability of thiz method of determining the amount of organic
matter in the air examined. Prof. ITna REmseEx (Rept. Wat'l Board of Health, 1879, p. 77,
and 1880, p. 308, et seq.,) has shown the insufficiency of the chemical methods at present
in u=e, and points out the difficulties of making reliable and satisfactory determinations
of organic matter in the afr.
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ities can be best demonstrated with a microscope. An
objective magnifying upward of 400 linear diameters,
and experience in the use of the instrument, will be
needed to obtain correct results. By moistening a
glass slide with glycerine, and exposing it in the sus-
pected air, a sufficient quantity of the suspended
matters may be collected in the course of twenty-four
hours to permit some coneclusions to be drawn from a
microscopic examination.®

A common method of determining the presence or
absence of a large quantity of carbonic acid, for
example, at the bottom of a well or privy-vault, is to
lower a lighted candle to the bottom. If the light is
extinguished, the air is considered irrespirable; but
if it continues burning brightly, the air is believed to
be sufficiently pure to sustain life. Sulphuretted hy-
drogen and sulphide of ammoninum are sometimes found
in privy-vaults, and although they will not extinguish
a light, they speedily prove fatal if inhaled in a con-
centrated form, and to the exclusion of a sufficiency of
oxygen. Cases frequently oceur where serious or fatal
results have ensued from the presence of a dangerous
gas, which was thought to be excluded by the burn-
ing candle.t

It is advisable in all cases to exhaust the stagnant
air in all old wells and privy-vaults, before permitting
any one to descend. Perhaps the readiest method of
exhausting the vitiated air in such places would be to
lower heated stones, masses of hot iron or pails of hot
water, to near the bottom, which produce a rarefaction
of the air and cause it to ascend. Its place will then
be occupied by purer air from without. The rarefac-

— — e

*Dr. G. M. STERNBERG, U1. 5. A, (Rept. National Board of Health, 1880 gives an
account of his investigations into the suzpended matters of the air. The guestion is
glzo conzidered in a practical manner by Svreeoxs KippeEr and Streers, U. 5 N, in
Reportz of the Surg.-Gen’lof the Navy for 1880 and 15881,

t See a case reported in Philadelphia Medical Times, October 21, 1852,
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tion produced by the explosion of gun-powder has also
been made use of with success:; but this has some
objections, because the combustion of powder itself
produces gases which are noxious if breathed in large
quantity. An animal, such as a cat or dog, should be
first lowered into the suspected well for fifteen or
twenty minutes, in order to determine whether the air
at the bottom is capable of sustaining life, before per-
mitting the workmen to descend. Similar precautions
should be used in old, unused mines, to prevent fatal
effects from the so-called ‘choke damp’ which is large-
Iy composed of carbonie aeid.

VENTILATION,

it is generally accepted that the presence of .07 per
cent. (seven parts in 10,000) of carbonie acid in the air,
indicates the greatest amount of organic impurity
(from respiration or combustion) consistent with the
preservation of health. Adopting this as the standard
of maximum impurity allowable, 3,000 cubic feet of
fresh air per hour will be needed for each individual
to Keep him supplied with pure air. This is for persons
in a state of health ; in cases of disease, a more rapid
change of air will be necessary to keep that surround-
ing the patient in a state of purity.

Ventilation is defined by Worcester, as ‘the re-
placement of noxious or impure air in an apartment,
mine, or enclosed space, by pure fresh air from without.”
By Dr. Parkes the term is restricted to ‘the removal
or dilution, by a supply of pure air, of the pulmonary
and cutaneous exhalations of men, and the products of
combustion of lights in ordinary dwellings, to which
must be added, in hospitals, the additional effiuvia
which proceed from the persons and discharges of the
siclk. All other causes of impurity of air ought to be
excluded by ecleanliness, proper removal of solid and
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liquid exereta, and attention to the conditions sur-
rounding dwellings.”*

A proper system of ventilation must take into con-
sideration the cubic space of the apartment or building
to be ventilated, the number of persons ordinarily
inhabiting this space, and certain other -collateral
elements, such as the character of the building to be
ventilated, its exposure, necessity for artificial heating,
ete.

The amount of enbic space that must be allowed to
each individual is determined by the rapidity with
which fresh air must be supplied in order to keep that
surrounding the individual at the standard of less than
.07 per cent. of carbonic aecid. For example, in a
space of 100 cubic feet, the air must be changed thirty
times in an hour, in order to prevent the carbonie acid
exceeding the above proportion, thatis to say, to allow
3,000 cubie feet of air to pass through that space in the
time mentioned. This would create an uncomfortable,
if not injurions draught. If the space contained 1,000
cubie feet, the air would need renewal only three times
an hour.

A space of 500 ecubic feet could be kept supplied
with pure air without perceptible movement if all the
mechanical arrangements for changing the air were
perfect ; but such perfection is rarely attainable, and
henee there would be either draughts, or insufficient
ventilation in such a small ‘initial air space,” as it is
termed. The initial air space should, therefore, be not
less than 800, or better, 1,000 eubic feet. The air of
this space could be changed sufficiently often to keep it
at its standard of purity, without creating unnecessary
draught. For sick persons this should be doubled.
In hospitals, therefore, the cubie air space allowed to
each bed should not be less than 1,800 to 2,000 cubic feet.

— e

* Manual of Practical Hyoiene, 6th edition, New York, Vol. I, p. 157.
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The source of the air supplied, must of course, be
capable of yielding pure air. It should not be drawn
from damp cellars or basements, or from the immediate
vicinity of sewers, or drains. Air taken from such
places is little better for respiration than that which it
replaces in the apartments to be ventilated.

Ventilation may be accomplished either with or
without artificial aids. In buildings or rooms, used as
habitations, natural ventilation, with, perhaps, the
simplest mechanical aids are made use of almost en-
tirely. In large buildings, such as churches, theatres,
schools, or in ships and mines, one of the artificial
systems must be adopted if efficient ventilation is
desired.

Natural ventilation takes place by diffusion, by
perflation, and in consequence of inequality of atmos-
pheric pressure. By diffusion, is meant the slow and
equable entrance of air from without, and exit from
within a room through the walls or ill-made joints,
without the influence of wind eurrents. In an occupied
room this is, however, insuflicient to keep the air pure,
because many of the organic impurities of respired air
are molecular, and, therefore, incapable of making
their way out of the rooms through the walls.

Perflation means literally, ¢blowing through,” and
if the direction and force of air-currents could be reg-
ulated, this would, with simple mechanical arrange-
ments, be an efficient means of ventilation. However,
the uncertainty of the force and direction of the wind
make this method of ventilation unreliable, except in
warm weather.

Unequal pressure between the air in a room, and
that without, is, within certain limits, an efficient means
of ventilation, and is usnally relied upon in ordinary
apartments. When the air in a room is heated above
the temperature of the external air, either by a fire,
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lights or by the presence of a number of persons in the
room, it expands and part of it finds its way out
through numerous crevices and bad joints found in all
buildings. The air which remains, being less dense than
the external air, the latter enters the room by various
openings, until the equality of pressure is re-estab-
lished. But as the heating of the enclosed air contin-
ues, the process is momentarily repeated and becomes
continuous.

Although the impurities of respired air (carbonic
acid, organic matters), are heavier than the air itself at
the same temperature, it is a familiar fact that the
most impure air in an oceupied room is always found
near the ceiling, the impurities being carried upward
with the heated air, and that the pure air from with-
out, being colder, fills the lower part of the room.

If the cold, outside air, were to be admitted at the
bottom of the room. and means allowed for the escape
of the hot air at the top, the conditions of the old
health-maxim, to ‘keep the feet warm and the head
cool,” would be reversed. This would be no less un-
comfortable than unwholesome. In all plans for nat-
ural ventilation, therefore, provision must be made to
secure a gradual diffusion of the cold, outside air from
above, or to have it warmed before it enters the room.
With a large chimney as an aspirating shaft,® with
flues at the top and bottom of the room, and openings
in the walls of the room near the ceiling to admit fresh
air, sufficient ventilation can be usually secured in cold
weather, in a room not overcrowded.

- When a room is heated by a furnace, the fresh air
i1s warmed before it is introduced, and the foul air es-
capes either through a ventilating shaft, a ventilator

* 0f course there iz really no zuch thing as a real aspiration, or *sucking ont*
of the air through the chimney or so-called ‘aspirating shaft.” The upward movement
of the air in the shaft is due to its displacement by the colder or denser air entering
the room.
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in the window, or wall, or through the numerous fis-
sures and other orifices, which defective carpentering
always leaves for the benefit of the health of the oc-
cupants.

The following rules for the arrangement of a sys-
tem of natural ventilation. are modified and condensed
from Parkes:*

The apertures of entrance and of exit for the air
should be placed far enough apart to permit thorough
diffusion of the fresh air.

When the air is brought into a room through slits
or tubes in the walls near the eceiling, the current
should always be deflected upward by an ineclined
plane, in order to prevent a mass of cold air from
descending over the shoulders of the oceupants and
chilling them.

The air must be taken from a pure source.

The inlet tubes should be short, and so made as to
be easily cleansed, otherwise dirt lodges and the air
becomes impure.

Inlets should be numerous and small, to allow a
proper distribution of the entering air.

Externally, the inlets shounld be partially protected
from the wind to prevent strong draughts ; they should
also be provided with valves to regulate the supply of
air.

If the air cannot be warmed, the inlets must be
near the ceiling ; if it can be heated, it may enter near
the floor.

The air may be warmed by passing it throungh
boxes containing hot water, or steam coils; by passing
it through chambers around grates or stoves, or heating
it in a furnace.

In towns or manufacturing distriets, the air should
be filtered before allowing it to enter the room. Thin

# Mannal of Practical Hygiene, 6th ed., New York, Vol. I, p. 177,
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flannel or muslin spread over the openings answers very
well as filtering material.

Outlets should be placed at the highest point of the
room and should be protected from the weather. An
opening into the chimney near the ceiling will answer
well in many cases.

In one story buildings, ridge-ventilators make the
best outlets. The entrance of snow and rain must be
prevented by suitable arrangements.

A small space or slit between the horizontal bars of
the upper and lower window sash will admit sufficient
air in a proper direction in small rooms, even when the
window is shut.

A good arrangement is one devised by Dr. W. W.
Keen, of Philadelphia.®* A piece of stout paper or
cloth is tacked across the lower ten or twelve inches of
the window frame. Raising the lower sash, allows the
entrance of fresh air, which is directed upward by the
cloth obstruetion.

In all rooms, howsoever ventilated, doors and win-
dows should be often opened to permit a thorough
Jlushing of the interior with fresh air.

For large buildings, hospitals, schools, theatres,
ships, and mines, two systems of artificial ventilation
are in use. One operates by extracting the foul air by
means of fans, the other, by forecing in fresh air, allow-
ing the impure air to find its way out as best it may.

In some of the vessels of the U. 8. Navy a system
of ventilation is in use, for the details of which the an-
thoris indebted to Dr. A. L. Gihon, Medical Director, U.
S. N. The apparatus in general consists of two mains
running the whole length of the vessel, opening into a
blower room in which a fan revolves. The revolving
fan causes an up-draught exhausting the air from the
mains. From these, small pipes run toevery state-room,

* HanTsinorse, H. Our Homes, p. 64,
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store-room, passage-way, frame-space and cul-de-sae in
the vessel. By opening the frame-spaces® on the upper
deck (an original device of Dr. Gihon), fresh air is
freely supplied, bathing the whole frame or hull, and
passing directly into the bilges, diluting the foul air,
and thence being drawn by the aspirating force of the
fan into the main ventilator conduits.

[In addition to the works mentioned in the text,
the following may be referred to as more fully treating

of the subjects considered in this chapter:

FramvmarioN: The Atmosphere—The Articles on Atmosphere, and
Climate in the ExcycrLorEpra Brrrrawvica, 9th Edition.—Reports of the
Chief Signal Officer of the Army.—A paper on Climate and Diseases, by Dr.
CLEVELAND ABBE, in Report of National Board of Health for 1880.—Die
Canalgase, by Dr. F. RExg, Munchen, 1884.-—Mormw: On Warming and
Ventilating occupied Buildings; translated in Smithsonian Report for 1873
and 1874.]

¥ Frame-spaces are the 2paces between the timbers or ribs of a veszel.



CHAPTER II.
WATER.

PrysiorLoGists teach that nearly two-thirds of the
tissue of the animal body consists of water. Inasmuch
as this water is constantly being lost by evaporation
from the skin, exhalation by the lungs, and excretion
through various organs, it is evident that the loss must
be constantly supplied if the functions of life shall be
properly performed.

It appears probable that certain diseases are at
times spread through the ageney of insufficient or im-
pure drinking water. It is therefore a matter of very
great importance to have a definite notion of what con-
stitutes a pure and sufficient supply of water, and how
best to secure it; to be able to detect its conditions of
purity and impurity, and to know how to maintain the
former, and avoid the latter. It will be necessary to
consider in detail, therefore, the quantity of water
required by each individual for the maintenance of
health, the sources whence water is obtained, how it
shall be collected and stored to the best advantage, the
impurities likely to be contained in it, and the methods
of keeping it pure, or of purifying it when it has become
polluted or vitiated in any manner.

THE QUANTITY OF WATER REQUIRED BY HUMAN BEINGS.

Dr. Parkes, after a number of experiments, con-
cluded that a man of the English middle class, ‘who
may be taken as a fair type of a cleanly man belonging
to a fairly cleanly household’ uses about twelve gallons
of water per day. This covers all the water needed,
including a daily sponge bath. Dr. DeChaumont esti-
mates® that sixteen gallons should be the daily allow-

* ParkEes’ Hygiene, 6th Ed., ¥. Y., Vol. L., p. 5.
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ance. By order of the British War Department, 15
gallons of water are allowed to each soldier daily.
In very many instances, this guantity cannot be fur-
nished, but in such cases there necessarily results some
deficieney in cleanliness. It is probable that among
the poorer classes, especially where a large supply ot
water is not convenient, the quantity used 1s not over
one-fourth of the above estimate.

In estimating the daily supply of water needed in
a community, large or small, other cireumstances must
be taken into consideration, in addition to the demands
of the individual. For example, in towns or cities,
allowances must be made for animals, manufacturing
purposes, probable waste, fires, sewerage, ete. In cities
an allowance of H0 gallons daily per head wounld not be
excessive.  In most American cities the supply is much
greater. The present daily supply in Baltimore is esti-
mated at 60 gallons per head,® which could be inereased
to three times that quantity if necessary.

A serious problem, affecting, however, the engineer,
rather than the sanitarian, is the prevention of waste
of water in places where the supply is limited. It is
estimated that in Chicago one-half of the water pumped
is wasted through negligence and imperfections in the
supply apparatus, while in St. Louis, the annual cost to
the city of the water that is wasted is placed at $400,000.+
It has been proposed to check this wanton waste by
measuring the quantity of water used by each house-
hold by means of a meter, as the supply of gas is now
measured, and this has been carried into effect in
places. There are, however, serious objections to this
method. One of the objections is that the very class of
persons whom it is desired to induce to use a plentiful

# Pergonal communication of Mr, R, K, MarTi®, Chief Engineer to the Water

Board.
+ Brer's Hygiene and Public Health, Vol. 1, p. 214.
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supply of water, would from motives of economy, use
less than is necessary for cleanliness and health. A
system of vigilant inspection of the water service in
houses would probably serve to reduce this unnecessary
waste to a considerable extent.

SOURCES OF DRINKING WATER.

All water, from whatever direet source odtained,
comes originally, by precipitation, from the atmosphere.
In many places the rain or snow water is the only source
of supply. This is usually collected as it falls upon
the roofs of buildings and conveyed by gutters and
pipes to cisterns, where it 1s stored until needed.

In Venice, the rain falling upon the streets and
court-yards is also collected in cisterns after filtering
throngh sand. The cisterns used for the storage of
water in New Orleans and other southern cities in the
United States, where the temperature rarely falls below
the freezing point, are generally constructed of wood
and placed above ground. Farther north, where it is
necessary to protect them against the action of frost,
they are placed underground. These underground cis-
terns are usually built of brick. The water from cis-
terns above ground becomes very much heated, in sum-
mer, and necessitates the use of large quantities of ice to
make it palatable. The water from the underground
cisterns is pleasantly cool in summmer, and is also
guarded againstfreezing in winter. There are, however,
very serious objections to storing drinking water in
“underground cisterns. These reservoirs are usually
placed within a few feet of privies and cess-pools, and as
neither the retaining walls of the cisterns, nor those of
the privies are water-tight, it often happens that the
drinking water becomes strongly impregnated with the
soluble portions of the exerement, or the products of its
decomposition, which have drained into the cistern.
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Personal observations in Memphis in 1879, as well as
the careful chemical analyses made afterward by Dr.
Chas. Smart, U. S. A.,* have convinced the author that
the objections to all underground cisterns built of brick,
stone, or cement, are insuperable from a sanitary point
of view. Dr. Smart found over one-half of the under-
ground cisterns examined by him in Memphis and other
cities and towns to be leaky and presenting evidence of
organie pollution. The water from 31 out of 80 cisterns
analyzed, showed decided contamination by sewage.
It would seem advisable to prohibit all underground
cisterns for the storage of drinking water unless they
are constructed of iron, which should be protected
against oxidation by a thorough coating of coal tar.
Where any other system of ecolleetion and storage is
available, however, the underground cistern should be
unreservedly condemned.

Rain water collected in the country, away from
manufacturing districts, is usually quite pure and whole-
some. [Itstaste is however flat and insipid, owing to ab-
sence of carbonic acid gas and mineral constituents. In
cities rain water frequently contains such a large amount
of organic matter and other impurities, which have
been washed out of the air by the rain, that it may be
unfit for drinking. On account of its softness, rain
water is, however, very desirable for washing and other
domestic pnrposes. If the statement made in the last
chapter, concerning the presence of organisms in the
atmosphere is remembered, it will be evident on a mo-
ment’s thought that such organisms, when contained
in rain water may be the source of disease. The putre-
faction which so readily takes place in rain water upon
standing a few days is caused by certain of the organ-
isms carried down out of the lower strata of the air by
the descending rain or snow.

-

* Report Wational Board of Health, 1880, p. 437-441.
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Precipitation is an exceedingly unreliable source
of water, and should never be depended upon when
other sources of supply are available. Water famines
are frequent wherever people are compelled to rely upon
such an uncertain source of supply as rain or snow.

Rivers and smaller streams probably supply the
larger number of cities and townsin this country with
drinking water. When care is taken to prevent the
pollution of the stream above the point whence the
water is taken, this is nsually of fair quality for domes-
tic purposes. When the river can be tapped near
its source, or before a large number of manufacturing
establishments can empty their waste products into its
current, or before it receives the sewage of a consider-
able number of inhabitants living on its banks, the
water can generally be regarded as safe. It is very
difficult, however, except in the less settled portions
of the country to find these favorable conditions present.

Among the minor objections to the use of river
water for domestic purposes are the liability of most
streams to become turbid in times of freshet, and the
discoloration of the water from dissolved coloring mat-
ters if the stream flows throngh a marshy or peaty re-
gion. These objections are, however, not serious, as
filtration will readily remove the suspended matters.
The coloring matter is probably harmless. The organic
matter contained in the water of some streams, even
when pollution by sewage and manufacturing refuse is
absolutely excluded, may, however, be the cause of
disease. Dr. Smart has shown* that the water from
streams in Nebraska, Wyoming and Utah contained
organic matter varying in amount from .16 to .28 parts
per million.+ He thinks the so-called ‘mountain fever’

¥ American Journal Med. Sciences, January, 1878, p. 28 et seq.

+ The source of this organic matter seems to he the melted snow which makes
up a large portion of the streams.
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of the Rocky Mountain region is a malarial fever cansed
by the large amount of organic matter in the drinking
water.

The most serious objection to the use of river water
for domestic purposes, is the employment of streams as
carriers of refuse from manufacturing establishments,
or of the sewage of cities and towns. In Great Britain
and some parts of the continent of Europe, owing to the
density of population and the variety and extent of
manufacturing industries, many of the streams are in
an extremely filthy condition. In this country too,
especially in the more thickly settled manufacturing
districts of New England, the pollution of rivers has
increased to a degree to seriously jeopardize the health
of the people who are compelled to draw their water
supply from such streams. BSeveral years since a com-
mission was appointed by the State Board of Health
of Massachusetts to inquire into the extent of the pol-
lution of the streams in that State, and to devise means
for preventing. such pollution. The commission ex-
tended its inquiries and observations over several years,
reporting the result to the State authorities at inter-
vals.* It was found that the water of the Blackstone
river, at Blackstone, where it crosses the State line and
enters Rhode Island, contained over ten per cent. of
sewage and refuse matters.+ Other streams in Massa-
chusetts showed similar pollution. That the presence
of such exeessive amounts of refuse matters renders the
water unsuitable for domestic purposes, must appear
evident. It is probable, however, that the most dan-
gerous of the polluting matters are the excreta of human
beings, especially those of patients suffering from cer-
tain specific diseases, such as typhoid fever, or cholera.

= —rn

* Reports State Board of Health of Massachusetts for 1873, 1874, 1876, 1877,
1678, 1879, 1850.

+ Report State Board of Health of Massachusetts, 1576, p. 145,
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Only a few years ago it was a generally accepted
theory that running water, though polluted by sewage,
‘purified itself’ after lowing a distance of twelve miles,
and the comforting and reassuring doetrine is still held
by many. Recent observations point to the conclusion,
however, that the self-purification of rivers is not en-
tirely to be relied npon. A certain proportion of the
sewage, it is true, undergoes oxidation in the presence
of light and air, and minute organisms,* and so becomes
changed into other, possibly innoeunous compounds.
But at present it is not known what proportion, or
what kind of organic matter does undergo this change.
Another portion of the impurities is deposited npon the
bottom and sides of the stream, having been only held
in suspension and not dissolved in the water. A por-
tion probably forms chemical combinations with other
suspended or dissolved matters, and is changed into
compounds which may be volatile and pass oft into the
air, or form insoluble precipitates.

The remainder is rendered less perceptible, or
imperceptible to chemical means by dilution. Every
stream has sources of inflowing water—feeders—which
inerease its volume and thus dilute any foreign admix-
ture.

In view of these facts, the theory of the self-purifi-
cation of streams, as formerly held, can no longer be
regarded as true. DBut it is unguestionably true that
running water does regain its purity if the inflow of
sewage and other refuse is not excessive. It cannot be
stated with confidence, however, when a stream, once
polluted, becomes fit for use again. Moreover, as it is
not possible by any practicable chemical treatment, or
filtration, to make a polluted water absolutely whole-
some, it is safer not to use as a source of domestic sup-

* MrerLLEr and Faux: Desinfection, in Evresevre's Realencyclopedie d. ges,
Heilkunde, vol IV., p. 65,
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ply, a stream which is known to have been seriously
contaminated by sewage matters or other impurities.

The water from fresh-water lakes and ponds is gen-
erally to be preferred to river water for domestic use.
Tt is less liable to become turbid from time to time, and,
except in the case of small ponds, inflow of sewage is
not likely to cause fouling of the water to any serious
extent. \When the supply can be drawn from large
lakes, as is done in Chicago and other cities on the
great lakes of the United States, no purer or better
source can be desired. In these cases the point whence
the water is taken, should be far enough from shore to
avold possibility of sewage contamination. When the
water-supply is taken from small ponds, all sewage and
waste produets from houses and factories must be rigidly
excluded ; otherwise, diseases, attributable to the pol-
luted water, are likely to arise among those using the
same.

The water in small lakes and storage reservoirs
sometimes becomes offensive in taste and odor. The
water-supplies of several of the large Eastern cities
have within the past three or four years at times had a
peculiarodor and tastesomewhat resembling cucumbers.
After considerable study, Prof. Ira Remsen, of Balti-
more, found the cause of this odor and taste in a mi-
nute fresh-water sponge, the spongilla fluviatilis. A
still more offensive odor, tersely described as the ‘pig-
pen odor’ is given to the water by the decay of certain
species of nostoc and other algse. It isnot known that
either these vegetable, or animal organisms, if present,
render the water prejudicial to health.

Ponds are often used as sources of ice-supply. It
was formerly supposed that in the process of freezing,
solid matters in the water were not included in the
block of ice when congelation occurred. Recent obser-
vations have shown the falsity of this assumption. In
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1875, an outbreak of acute intestinal disease at Rye
Beach, New Hampshire, led to an inguiry by Dr. A.
H. Nichols, which disclosed the faet that the ice used
contained a large percentage of organic matter.® The
use of ice from a different source was followed by an
almost immediate disappearance of the disease. Upon
further investigation, it was discovered that the impure
ice had been gathered from a small, stagnant pond into
which a small brook carried large guantities of saw-
dust from several saw-mills. The water of the pond
was loaded with organic matter, and in summer the
gases of decay arising from it were very offensive.
Chemical examination showed that the ice from this
pond contained nearly 6 parts of organic matter in
100,000, while i1l pure ice the organic matter amounted
to only .3 parts in 100,000. A similar investigation
into the character of the ice furnished to the residents
of Newport, R. 1., was made under the auspices of the
Sanitary Protection Association of that ecity. The ice,
which was cut from ponds in the immediate neigh-
borhood of the ecity, was found to contain an excessive
proportion of organic matter. Large quantities of sew-
age and other impurities were discharged into these
ponds.t

A careful series of experiments recently made by
Dr. C. P. Pengra, of Michigan, shows} that the purifi-
cation of the water by freezing is in no sense absolute.
In experimenting with bacteria, infusoria and other
organisms, he found that from 9 to 11 per cent. remained
in the ice, and retained their vitality, so that when
thawed, they rapidly multiplied, and there was no ap-
parent loss of numbers. In the ordinary process of

freezing, the upper portion is the purest, but if snow

* Report Maszsachusetts State BDoard of Health, 1876, p. 467,
1 The Dangers of Impure Iee, he Sanitorian, May, 18582,

1 Private communication to the anthor. The memoir of Di. PExera will be
publizshed in the Report of the Michizgan State Board of ITealth for 1854,
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or rain fall upon the ice, and freeze, this upper layer
will be found much more impure than the lower. Ra-
tional coneclusions from these experiments are, that ice
should not be gathered from an impure source, and
that an early harvest of the ice should be encouraged.

Springs and wells supply the water for most per-
sons not aggregated in large communities, as cities and
towns. KEven in the latter, no inconsiderable guantity
of the water used for drinking and domestic purposes
is derived from wells. Spring water usually comes fronr
a source at a considerable depth below the surface, that
is to say, the water has percolated through thick strata
of soil, before reappearing at the surface. In its pas-
sage through the soil it has lost most of its organic
matter, and perhaps taken up minetal and gaseous
onstituents in larger quantities. It may be so strongly
impregnated with the latter, as to vitiate it for ordi-
nary use and to render it valuable as a medicine. Ordi-
narily, however, spring water is clear, cool and spark-
ling, with a refreshing taste and uniform temperature,
and in all respects an agreeable and wholesome beverage.

The character of well-water, on the contrary, is
often justly open to grave suspicion. Being derived
from those strata of the soil which are most likely to
be contaminated by the products of animal and vege-
table decomposition, the wholesomeness of the water is
inversely proportional to the degree of saturation of the
soil with the products of decay. It has been found by
experiment that when organic matter largely diluted
with water is allowed to percolate through soil, it under-
goes a gradual decomposition in the presence of certain
minute organisms, nitrates and nitrites being formed at
the expense of the ammonia and other organie combi-
nations. If, however, the soil is saturated with organic
matter in excess, and in a state of concentration, putre-
faction takes place, and the conversion of the organic
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matter into nitrates and nitrites is retarded. Hence,
the drainage of diluted sewage through a stratum of po-
rous soil, not already saturated with putrefying matters,
has no especially bad significance, even if the liquid
should reach a well used as a source of drinking water.
It is probable that by the time the liquid portion of the
sewage reached the well it would have arrived at that
point when it could truthfully be termed pure water.
At the same time it must be remembered that the puri-
fying power of the soil cannot be relied upon if the
supply of sewage or other animal or vegetable impurity
is too abundant.

Distillation is sometimes resorted to for the purpose
of procuring drinking water, especially at sea. Vessels
now generally earry a still for this purpose. The prin-
cipal objection to distilled water is its insipidity, due
to the absence of carbonic acid gas and mineral con-
stitnents, which give to good drinking water its savor.
Distilled water may be @rated, by passing it in fine
streams through holes in the bottom of a cask, elevated
so as to allow the water to pass through a considerable
stratum of air. Lead is sometimes taken up from the
distilling apparatus, and may cause lead poisoning in
those using the water.

Drinking water is sometimes procured by melting
snow or ice. It is mot probable that water derived
from these sources is unwholesome, although there is
strong popular prejudice against it. Iee and snow may
however contain large amounts of impurities, as already
referred to,* and be, for this reason unfit for use.

The following qualities are desirable in water for
drinking and domestic purposes.

1. The water should be colorless, transparent, suf-
ficiently @rated, of uniform temperature throughout
the yvear, and without odor or decided taste.

o -

SR B

¥ See page 37.
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2. The mineral constituents (magnesium and lime
salts) should not be present in greater proportion than
three or four grains per gallon. More than this gives
to water that quality known as ‘hardness.’

3. There should be butlittle organic matter present,
and no living or dead animal or vegetable organisms.

4. The water should be entirely free from ammo-
nia and nitrous acid, and should contain but very
small quantities of nitrates, chlorides and sulphates.

5. It should contain less than one-twentieih of a
grain of lead per gallon. A larger proportion is likely
to be followed by lead poisoning.

IMPURITIES IN WATER.

The transparency and the color of water are
alfected by the presence of suspended or dissolved, min-
eral or organic matters. If, after standing for a time,
the water deposits a sediment, this is dependent upon
insoluble matters. If the sediment turns black when
heated in a porcelain capsule over an aleohol or gas
Hlame, it contains organic matter. If the sediment or
residue etfervesces upon the addition of hydrochlorie
acid, the presence of carbonates is indicated. Water
may be colored by metallic salts or by vegetable matter.
It may also contain large quantities of mineral or or-
ganic matter, or even living organisms, without percep-
tibly diminishing its transparency. For example, the
ova of tape-worms may exist in water in considerable
numbers, and yet remain perfectly invisible, except
under the mieroscope.

The presence of sulphur compounds, or of varions
vegetable and animal organisms (sponges, algae, ete.™)
may give to water an unpleasant odor and taste. In
the oil regions of this country most of the drinking

rater is contaminated with petroleum, which is very

* See page 3.
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disagreeable to one unaccustomed to it. Ifis not prob-
able that the small quantities of the oil imbibed with
the water have any deleterious influences upon the
organism.

Many works on hygiene fix a limit to the amount
of solid matter allowable in drinking water. The In-
ternational Congress of Hygiene, at Brussels, fixed the
limit at 50 partsin 100,000. It is impossible, however,
to say of any particular specimen of water, that its
content of solid matter, whether organic or mineral,
will be prejudicial to health, without trial. At the
same time it is prudent to reject all waters containing
a considerable proportion of solid organic matter, as
determined by the degree of blackening or heating the
sediment, or residue after evaporation.

The hardness of water is due to the presence of
earthy carbonates, or sulphates, or both. 1If the hard-
ness, is due to ecarbonates, it is dissipated by heat, as
in boiling the water: the carbonic acid is driven off,
and the base (calcinm or magnesinm oxide) is precipi-
tated upon the bottom and sides of the vessel. This
is termed the ‘removable hardness.” The hardness
due to the presence of earthy sulphates is not removed
upon heating the water, and is termed the ‘permanent
hardness.” The hardness depending npon both the car-
bonates and sulphates is called the ‘total hardness.’

The proportion of the above mentioned earthy salts
present in a given specimen of water, is determined by
what is called the soap-test.” This test depends upon
the property which lime and magnesia salts possess of
decomposing soap, (oleate and stearate of soda). The
quantity of a solution of soap of a definite composition
decomposed by a quantity of hard water, indicates the
amount of the salts present. In this country and Eng-
land, this is generally expressed in degrees of Clark’s
scale, which are equivalent to grains of carbonate of
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lime per imperial gallon. Thus, if the chemist says
that a certain sample of water has a total hardness of
16°, he means that the earthy saltsin the sample decom-
pose the same quantity of soap that would be decom-
posed by 16 grains of carbonate of lime per imperial
gallon. In Germany each degree of the scale used ex-
presses the soap decomposed by one part of caleium
oxide per 100,000. In the scale nsed in France each
degree corresponds to 1 part of carbonate of lime in
100,000. So much of the hardness of water as is due
to carbonates, can be dissipated by boiling, which
drives off the free carbonic acid.

Hard water is objectionable for domestic nse as it
is wasteful of soap. In cooKking certain vegetables,
such as peas and beans, the hulls are not thoroughly
softened. In making infusions of tea and coffee, larger
quantities of these materials are needed than where
soft water is used.

DISEASES DUE TO IMPURE DRINKING WATELR.

Hard water is popularly believed to be the cause of
caleulous diseases, and of goitre and eretinism, but no
reliable observations are on record showing that the
belief is founded upon faet. At the same time it is
undoubtedly true that ecaleareous waters produce
gastric and intestinal derangements in those unaccus-
tomed to their use.

Large amounts of suspended mineral matter are
frequently present in river water, and may give rise to
derangements of the digestive organs. If there is
carbonate of lime present, the water can be easily
clarified by the addition of a small quantity of alum.
Sulphate of lime and a bulky preeipitate of hydrate
of alumina are formed, which carry fthe suspended
matters to the bottom. About six grains of erystallized
alum are sufficient to clarify a gallon of water. This
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amount of alum is too small to affect the taste of the
water perceptibly. This method is frequently used to
clarify and render fit for use the water of the Missis-
sippi river, which is usually very muddy. Dr. Parkes
quotes the following striking instance of the practical
value of clarifying muddy water by means of alum.®
In 1868, the right wing of the 92nd Regiment of High-
landers, going up the river Indus, suffered from
diarrhea from the use of the water, which was very
muddy. The left wing of the same regiment used
water from the same source, but precipitated the sus-
pended matters with alum, and had no diarrhecea. The
right wing then adopted the same plan with like
success. Although the opinion is wide-spread that
water containing much mineral matter, either in solu-
tion or in suspension, is deleterious to health, there is
very little evidence absolutely reliable npon this point.

The presence of large quantities of organic matter
in water, whether these matters be of animal or vege-
table origin, must always be looked upon with suspicion.
The observation was made by Hippocrates twenty-three
centuries ago, that persons using the water from
marshes, 4. e, water containing vegetable matter,
suffer from enlarged spleens. Many physicians, both
of ancient and modern times seem to have held this
opinion, but the first positive observation in medical
literature is the now classical one of the ship Argo,
reported by Boudin.+ In 1834, the transport Argo,
in company with two other vessels, carried 800 soldiers
from Bona in Algiers, to Marseilles. The troops were
all in good health when they left Algiers. All three
of the vessels arrived in Marseilles on the same day.
In two of them there were 680 men, not one of whom
was sick. Out of the remaining 120 men who were

¥ Mannal of Hyglene. 6th Ed., N. Y., Veol. I, p. 81.
t+ Quoted in PangEs, op. cit, p. 48, Nowak : Lelirbuch der Hygiene, p. 51 and in
numerons other publications on Hygiene.
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on the third vessel, the Argo, 13 died during the pas-
sage, and 98 of the 107 survivors suffered from palu-
dal fevers of all forms. None of the crew of the
Argo were sick however. The two vessels exempt
from sickness, and the crew of the Argo had been
supplied with pure water, while the soldiers on the
latter vessel had been furnished with water from a
marsh. This water was said to have a disagreeable
odor and taste. The testimony of a large number of
East Indian physicians is also quofed by Parkes in
support of the view that malarial fevers are often
caused by impure drinking water. The observations of
Dr. Charles Smart upon the production of the ‘mount-
ain fever’ of the Western territories, have already
been referred to. The author ventures to state it as his
opinion however, that the instances in which malarial
fevers are due to impure drinking water are very rare.

The causation of typhoid fever and cholera by
impure drinking water will be presently referred to.
Recently the opinion has been expressed by some that
vellow fever and diphtheria are also spread by polluted
drinking water, but no strong evidence has yet been
adduced in its support.

There can be very little donbt that diarrheea and
dysentery are frequently caused by water which has
been contaminated with decaying organic matter. The
evidence in favor of this amounts practically to demon-
stration.

It must not be forgotten that the ova of certain
animal parasites, as distoma hematobium, filaria san-
ouinis hominis, and medinensis, anchylostoma duode-
nale, and possibly of round and tape worms, are taken
into the system with the drinking water.

Organic detritus of various kinds, sewage, decom-
posing animal and vegetable matter, refuse from
manufacturing establishments, may be a source of pol-
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lution of water and render it unfit for drinking or other
domestic purposes. It is, however, not certain that
water thus rendered unclean is prejudicial to health ;
in fact Dr. Emmerich, of Munich has recently put his
skepticism on this point to a practical test. For two
weeks he drank daily from one to two pints of very
filthy water; in fact, nothing less than sewage. The
water was both chemically and physically exceedingly
impure. Several of the experimenter’'s patients par-
took of the same water without any ill effect. He even
claims that a gastric catarrh from which he was suffer-
ing when the experiment was begun, improved during
its course.*

The results of Emmerich's experiments, and of
other well-known observations seem almost conclusive
that the products of animal and vegetable decomposi-
tion, taken into the body with the drinking water, can
not be looked upon as certainly harmful. Should,
however, water containing such impurities, or even
water apparently pure, contain the germs of one of the
specific diseases: cholera, typhoid fever, or perhaps
yellow, malarial or scarlet fevers, or diphtheria, it is
probable that such disease would be communicated to
the consumer of the water.

Many instances are on record where outbreaks of
typhoid fever have been clearly attributable to pollu-
tion of the drinking water by the germ of the disease
from a previous case.

One of the most remarkable of these outbreaks is
that recorded by Dr. Thorne.+ About the end of
January, 1879, typhoid fever began suddenly in the
adjoining towns of Caterham and Red Hill. Within
six weeks three hundred and fifty-two cases occurred.

——

* WoLFFOUEGEL : Wasserversorgung, in PETTEREOFER u. ZiEmssEN's Handbuch
der Hygiene. I. Abth., IT. Hifte., p. 97.

+ Report of the Medical Officer to the Loeal Government Board for 1879, Quoted
in Fopor: Hygienische Untersuchungen, ete., 1T, Abth, p, 261,

1]
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All other sources of the disease were excluded, except:
the drinking water, to pollution of which it was traced
with almost absolute certainty. Caterham contained
558 houses and Red Hill 1700. Of the former, 419 and
of the latter 924 draw their drinking water from a
common supply, having its source in a well several
hundred feet deep. The insane asylum with 2000 in-
mates, and the military barracks in Caterham used
water from a private well. There was no typhoid fever
among the last two communities. During January one
of the workmen engaged in some excavation near the
public well was taken ill with diarrheea and fever—
probably typhoid, but was still able fo continue his work.
His dejections were often voided where they were certain
to become mingled with the water of the common sup-
ply. This man’s diarrhcea began on January 5th, and
continued until the 20th of the month, during which
time he remained at work. On the latter date, he was
compelled to quit work and take to his bed. Exactly
two weeks from the beginning of the man’s sickness, on
January 19th, the first case of typhoid ocenrred in Ca-
terham, and then rapidly inecreased. The first case
occurred, therefore, just fourteen days—the incubative
period of typhoid—after the presumed infection of the
the drinking water by the dejections of the sick laborer,
who had come from Croydon, where typhoid fever was
at the time prevalent. Within two weeks from the
appearance of the first case, the epidemic had reached
its height, and then rapidly declined, disappearing
almost entirely in a month after the outbreak. It was
shown by Dr. Thorne that nearly all the houses in which
the disease appeared were supplied with water from the
source above mentioned, while other houses in the im-
mediate vicinity of the infeeted ones remained free

from the disease.
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In 1874 there was an outbreak of typhoid fever in
the town of Over Darwen, in which nearly 10 per cent.
of the inhabitants were attacked. Here the source of
the disease was also traced to an infected water supply.

Dr. Buchanan has shown that an outbreak among
the students of the University of Cambridge, was like-
wise attributable to an infected water supply.

In this country the reports of the Boards of Health
of the various States teem with accounts of localized
outbreaks of typhoid fever referred to infected or pol-
luted drinking water. In most instances the evidence
furnished by the observers is not conclusive. In many,
however, especially of those found in the Massachusetts
and Michigan reports the fact of the communication
of the disease in this manner seems unqguestionable.
One of these is as follows: Out of forty families, all
using water from a certain well, there occurred 23 cases
of typhoid fever. Out of forty-seven families living
in the same neighborhood, but using water from differ-
ent sources, only twohad typhoid fever.* Dr. C. F. Fol-
som has published a very suggestive account of a house
epidemic,t where nine cases in a single house, who all
drank water from a well which was proven to be in-
fected from a privy, were attacked by this disease.

The numerous cases of typhoid fever, which have
been attributed to the use of infected milk may be in-
cluded in this category. It is probable that the milk
became infected either through polluted water used for
the purpose of cleansing the milk vessels, or in diluting
the milk. Mr. Ernest Hart has recorded} fifty epidem-
ics of typhoid fever, fifteen of scarlet fever, and seven

of diphtheria, the cause of which he has attributed to
infected milk.

* Transactions Mich. Med. Society, 1882, p. 401,
t Boston Med. and Surg. Journal, vol. CIL., p. 227, 261,
% Transactions Int. Med. Congress, 1881, vol. IV. p. 391,
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It is not probable, however, that typhoid fever is
always, or in the majority of cases spread through the
medium of polluted drinking water, but in many of the
instances on record, the relations between cause and
and effect,—impure water and typhoid fever, have
been so clearly made out as to no longer permit any
doubt upon the guestion.

As it is with typhoid fever, so also with cholera.
In a later chapter the origin and propagation of ty-
phoid fever and cholera will be discussed more fully.
At the present time only the relations of the drinking
water to the spread of these diseases ean be consid-
ered. In the instance to be presently noted, the con-
nexion between the infected water on the one hand and
the outbreak of cholera on the other is so elearly shown
as to be almost equivalent to a mathematical demon-
stration, The facts in the ease, were brought to light
after a patient inguiry by a commission whose report
drawn up by Mr. John Marshall, has made the occur-
rence classical. In 1854, the people of a well-to-do.
and otherwise healthy district in the Eastern part of
London suffered severely from cholera. Upon inquiry
the fact was elicited that a child had died of cholera
at No. 40 Broad street, and that its excreta had been emp-
tied into a cess-pool situated only three feet from the
well of a public pump in that street, from which most of
the neighboring people took their drinking water. It
was further discovered that the bricks of the cess-pool
wall were loose and permitted its contents to drain into
the pump-well. (It should be noted that the commu-
nication between the cess-pool and well was direct ; that
there was immediate drainage, not percolation through
the soil). In one day 140 to 150 people were attacked
and it was found that nearly all the persons who had
the malady during the first few days of the outbreak
drank the water from the pump. When the pump
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was closed to public use by the authorities, the epidemic
subsided. The most singular case connected with this
outbreak was the following: In West End, Hamp-
stead, several miles away from Broad street, there oc-
curred a fatal case of cholera, in a woman, 59 years
old. This woman formerly lived in Broad street, but
had not been there for many months. A cart, how-
ever, went daily from Broad street to West End, carry-
ing among other things, a large bottle of water from
the pump referred to. The old lady preferred this
water to all others, and secured a daily supply in the
manner stated. A niece who was on a visit to the old
lady drank of the same water. She returned to her
"home, in a high and healthy part of Islington, was
likewise attacked by cholera and died. There were, at
this time, no other cases of cholera at West End, or
in the neighborhood of these last two persons attacked.

Most of the English medieal officers in India hold
strongly to the view that cholera is spread by polluted
drinking water, and the evidence in its favor is very
strong.

The evidence in favor of the influence of impure
drinking water on the causation of other diseases than
those mentioned is not sufficient to justify any conclu-
sions at present.

The source of a water-supply may be pure, and
yvet pollution may occur before the water is used by the
persons to whom it is distributed. Supply pipes may
become defective and the water become contaminated
with sewage or other deleterious substances. It isa
current belief that no impurity can gain access to hy-
drant pipes between the reservoir, or source of supply,
and the point of discharge of the water. Neverthe-
less, such contamination may occur very readily. The
author and his colleague, Dr. J. W. Chambers, of Bal-
timore, proved this conclusively a few years ago, by
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establishing an undoubted connexion between a house-
epidemic of typhoid fever and a defect in the hydrant
supplying the family with water.* The hydrant was
one of the class known as Clark’s patent non-freezing
hydrant. The mechanism of these hydrants is as fol-
lows: At the lower end of the vertical discharge pipe
is a glazed earthemyware plunger, which works through
a ring of rubb %:ml{ingﬁﬁto a vacuum chamber. At
the bottom of [the vadnum chaniber is a valve regula-
ting the entrance of the water from the conducting
pipe. When the

J‘fﬁ.:;tt@nis shnfﬁgﬁf this valve is kept
closed by a spiral “spring. When the crank of the
hydrant is turned forward, that is, when the water is
‘turned on,” the plunger is forced to the bottom of the
vacuum chamber, presses on the spring, opens the valve
and allows the water to discharge. When the crank is
turned back, the plunger is raised, releases the spiral
spring, which forces the valve into its bed, and shuts
off the water. The partial vacuum produced by the
raising of the plunger, draws the water which is in the
vertical discharge pipe into the vacuum chamber,
which is so far below the surface as to be unaffected by
frost. In course of time, and with use, the rubber.
packing gets worn and permits gradual leakage into
the vacuum chamber, of the dirty, stagnant water by
which this part of the hydrant is always surrounded.
Outbreaks of typhoid fever having a similar origin, in
which the connexion between cause and effect was
clearly shown have been reported by other physicians
of the same city.+

Aside from the practical question of the causation
of disease by polluted water, a more abstract and zes-
thetic idea is involved in consciously taking any impu-

# Om Preventable Pollution of Hydrant Water and its Relation to the Spread of
Typhoid Fever. Maryland Med. Journal, Vel. VIL., p. 271. ¥

t+ Local Causes of In=anitation in Baltimore, By Jomx Morris, M. I). . Report
Md. State Board of Health, 1878,
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rity into the system. The instinets of man as well as
of most animals revolt at it. These inborn instincts
which constitute the sanitary conseience, as Soyka
says, demand purity of food and water, as they insist
on cleanliness of the body, of elothing, and of the
dwelling.

STORAGE AND PURIFICATION OF WATER.

Wherever a large supply of water is needed, un-
less drawn direct from a well or spring, or pumped di-
rectly from its source, arrangements for storage are
necessary. Cisterns and large reservoirs are made use
of for this purpose. River water, especially, requires a
period of rest in a storage reservoir in order to allow
deposition of the large amount of suspended matter in
it. Prolonged storage also gives opportunity for the
conversion of possibly deleterious organic compounds
into simple, and perhaps harmless, compounds. Usual-
ly in an elaborate system of water-works, a series of
reservoirs is built in whieh the water is stored succes-
sively, so that before its final distribution through the
street mains, it has become quite clear and pure.’
Filtration on a large secale is also used in connexion
with storage reservoirs, in order to secure greater puri-
ty of the water.

In the distribution of water, care should be taken
that nothing deleterious is taken up by the water in
its passage through the pipes. Lead poisoning is not
infrequent fromdrinking water that has passed through
along reach of lead pipe, or which has been standing in
a vessel lined with lead. Tanks and storage cisterns
should therefore not be lined with lead, and the use of
lead pipe in the supply-service should be avoided as
much as possible. Fortunately most natural waters pos-
sess a considerable proportion of carbonic acid, which
forms with the lead an almost insoluble carbonate of
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lead. This carbonate of lead is deposited on the in-
side of the pipes, and protects both the pipes against
erosive action from other constituents of the water,
and also prevents the contamination of the water by the
lead. An excess of carbonic acid in the water renders
this deposit soluble, and may cause serious poisoning.
Any water which isshown by analysis to contain over
one-twentieth of a grain of lead per gallon is danger-
ous and should be rejected.

Owing to the possibility of defilement of the water
from improper construection of hydrants, all out-door
hydrants should be discouraged as much as possible,
and should be replaced by a simple tap-cock indoors.
The pipes should also be laid deep enough nnder-ground,
or otherwise protected against freezing in winter.

A number of methods, all more or less efficient,
have been introduced to purify water, when it needs
purification before being fit for use. These methods
either comprise filtration, or seek to purify the water
without the aid of this process. One of the methods
of purification without filtration, consists in exposing
the water to the air in small streams. This was pro-
posed by Lind more than a century ago, and has since
been frequently revived. The water is passed through a
sieve, or a perforated tin or wooden plate, so as to cause
it to fall for a distance through the air in finely divided
currents. By this process sulphuretted hydrogen, offen-
sive organic vapors, and possibly dissolved organic
matters are removed. This process has been used in
Russia on a large scale.

By boiling and agitation, carbonate of lime, sul-
phuretted hydrogen and organic matter are removed,
or rendered innocuous. Vegetable germs are usually
destroyed, although Tyndall has shown that some bac-
terial germs withstand a temperature higher than that
of boiling water.
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As has already been mentioned,* alumis one of the
readiest and most efficient means of removing suspen-
ded matters from water.

Permanganate of potassium is sometimes used
to purify water containing considerable organic matter.
The permanganate rapidly oxidises the organic mat-
ter and is believed to render it harmless. There is no
certainty, however, that the germs of specific diseases

are destroyed by the action of this salt, in the propor-
tion in which it could be used for the 1}1111}05&3 of
water purification.

A yellow tint is given to the water by the perman-
ganate, which is due to finely divided peroxide of man-
ganese. This does no harm, but is nnpleasant.

Water, unfitted for use by organic matter, is some-
times rendered usable by infusing certain vegetable
astringents in it. Thus, it is said that the Chinese
drink water only in the form of tea, in certain parts of
China, where the water contains large quantities of
organic matter. The tannin of the tea-leaves precipi-
tates the suspended matters and renders the water fit
for use. Mixing the water with red wine, which is as-
tringent, has the same effect.+

Filtration is an efficient means of removing sus-
pended matters. Charcoal, sand, gravel and spongy
iron are used as filtering material. The most economical
filter is one made of fine, clean sand, above which lay-
ers of gravel of a gradually increasing size are placed.
The coarser particles of suspended matter are arrested
before the sand, which removes most of the coloring
and organic matters, is reached.

TESTS FOR IMPURITIES IN WATER.

Acenrate and reliable quantitative analyses of water

can only be made by chemists of experience. Every

* See page 42,

p. 613 t CHamPouILLON, quoted in Med. and Surg. Hist. of the War, pt. IL., Med. Volume,
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intelligent person should however know how to deter-
mine the presence or absence of suspected impurities.
The following methods are simple and easily carried
out:

To determine the presence of elilorine, or chlorides,
(often indieating sewage contamination), acidulate
about half an ounce of the water to be tested with pure
nitrie acid, and add a few drops of a solution of nitrate
of silver, (24 grains to one ounce of distilled water).
A white precipitate, gradually changing to gray, is
produced if chlorides are present. The degree of cloud-
iness produced will indicate approximately, the amount
of chlorides. ‘One grain of chlorine per gallon gives
a haze ; four grains pergallon give a marked turbidity ;
ten grains, a considerable precipitate.’® If the echlo-
rine is found by this test to exceed one grain per gal-
lon, the source of the contamination should be searched
for. If drainage from a cess-pool is suspected, a guan-
tity of salt water may be thrown into it, and the water
again tested after an interval of four hours to see
whether the chlorine has increased.

The presence of wnifrie acid, or nitrates, even in
very minute quantities, is shown by the following test:
A small quantity of the water is evaporated to dry-
ness, and a few drops of a solution of carbolic acid in
four parts of concentrated sulphurie acid and two parts
of distilled water, added to the residue. If nitric acid is
present, a brownish red color results, which turns green
and then yellow upon the addition of ammonia.

Nitrous acid or nitrites will give a reaction with
iodide of potassium and starch. Twelve to twenty
ounces of water in a flask are acidulated with a few
drops of dilute sulphuric acid, and a little solution of
iodide of potassium added. About half a dram of fresh-
ly prepared starch is added and the mixture shaken.

* PAREES, |. €., p. T7.
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If nitrous acid is present, the iodide is decomposed
setting free the iodine, which combines with the starch,
causing a blue color. The test is a very delicate one.

The following test will indiecate the presence of am--
monia. Make a solution of one part of bichloride of
mercury in thirty parts of water, and another of one part
of earbonate of potash in fifty parts of water. Five
drops of each of these solutions are added to about 24
ounces of the water to he tested, in a tall glass. If
ammonia is present, a white eloudiness will appear in
the water. If, after an interval of several hours, no
turbidity has developed, no ammonia is present.

To determine the presence of sulpluric acid, or
sulphates, the waterisacidulated with hydrochloricacid,
and asolution of ehloride of barium added, whichgivesa
white precipitateof sulphate of barium if snlphuricacid
is present.

Organic matler is indicated by its reaction with
chloride of gold, or potassinm permanganate. A solu-
tion of permanganate added to water containing organic
matter becomes almost instantly decolorized. The ad-
dition of chloride of gold, and boiling the water pro-
duces first a pink color, gradually changing through
violet to black. The water should be first slightly acid-
ulated.

Neither of these tests for organic matter is abso-
lutely reliable, as nitrous acid, sulphuretted hydrogen,
and ferrous salts produce similar reactions.

SIGNIFICATION OF THE VARIOUS IMPURITIES INDICATED.
BY THE ABOVE TESTS.

The following summary gives, in a brief compass,
the inferences that may be drawn from the result of the
above tests:®

* ParkEes' Hygiene, vol. I, p. 79,
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‘If chlorine be present in considerable quantity,
it either comes from strata containing chloride of so-
dinm or calecium, from impregnation of sea-water, or
from admixture of liquid exereta of men and animals,
In the first case the water is often alkaline from
sodinm carbonate; there is an absence, or nearly so,
of oxidized organic matters, as indicated by nitric and
nitrous acids and ammonia, and of organic matter:
there is often much sulphurie aeid. If it be from eal-
cium chloride, there is a large precipitate with ammo-
nium oxalate after boiling. If the chlorine be from
impregnation with sea-water, it is often in very large
quantity ; there is much magnesia, and little evidence
of oxidized products from organic matters. If from
sewage, the chlorine is marked, and there is coinci-
dent evidence of nitric and nitrous acids and ammonia,
and if the contamination be recent, of oxidisable or-
ganic matters.

‘Ammonia is almost always present in very small
quantity, but if it be in large enough amount to be de-
tected without distillation it is suspicions. If nitrates,
ete., be also present, it is likely to be from animal sub-
stances, excreta, ete. Nitrates and nitrites indiecate
previously existing organic matters, probably animal,
but nitrates may also arise from vegetable matter,
although this is probably less usual. If nitrites largely
exist, it is generally supposed that the contamination
is recent; the coincidence of easily oxidized organie
matters, of ammonia, and of chlorine in some guantity,
would be in favor of an amimal origin. If a water
gives the test of nitrie acid, but not of nitrous acid,
and very little ammonia, either potassium, sodinum or
calcium nitrate is present, derived from soil impreg-
nated with animal substances at some anterior date.
If nitrites are present at first, and after a few days dis-
appear, this arises from continued oxidation into ni-



WATER. o7

trates; if nitrates disappear, it seems probable this is
caused by the action of bacteria, or other low forms of
life. Sometimes in such a case nitrites may be formed
from the nitrates. Lime in large quantity indicates
calcinm carbonate if boiling removes the lime, sulphate
or chloride or nitrate if boiling has little effect. Test-
ing for calcium carbonate is important in connexion
with purification with alum.* Sulphurie acid in large
quantity with little lime, indicate sulphate of sodium,
and usually much ehloride and carbonate of sodinum are
also present, and on evaporation the water is alkaline.
Large evidence of nitric acid, with little evidence of
organic matter, indicates old contamination; if the
organic matter be large, and especially if there be
nitrous acid as well as nitric present, the impregna-
tion is recent.’

[The following works are recommended to those
desiring fuller information upon the subjects embraced
in the foregoing chapter:

Water Supply, by Wu. Rirney Nricmons, N. Y., 1884, A Guide to
the Microscopic Examination of Drinking Water, by J. D. Macpoxavrp, R.
N.F. R. 8. Bome of the Organic Impurities found in Drinking Water, by C.
W. CaaMBERLATIN, M. D, Rep’t Ct. State Board of Health, 1880, p. 260. Mi-

croscopical Examination of Potable Water, by W. J. Lewrs, M. D., Ibid., p-
216.]

* See page 42,



CHAPTER III.
FOOD.

I~ order to preserve health and vigor, it is neces-
sary for animal beings to consume at intervals a suffi-
cient quantity of substances known as foods. Alimen-
tary substances, or foods, may therefore be briefly
defined as materials, which, taken into the body and
assimilated, sustain the processes of life, promote
growth, or prevent destruection of the organized con-
stituents of the body.

QUALITY AND CHARACTER OF FOOD NECESSARY.

It has long been known, as the result of the em-
pirical observation of feeding large bodies of people,
that the various proximate prineiples must be combined
in certain definite proportions in the food in order to
preserve the normal degree of health and vigor of the
body. Within a comparatively recent period, physiol-
ogists have made experiments upon animals and human
beings, which have led to the same conclusions, and
have enabled these proportions to be fixed with more
or less exactness.

Considering man as an omnivorous animal, it may
be laid down as an invariable rule, that the following
four alimentary principles are necessary to his exist-
ence.* Neither of these principles can be dispensed
with for a prolonged period without illness or death
resulting.

1. Water.—Thismust be supplied insufficient quan-
tity to permit the interchange of tissue to be carried
on in the body.

* Laxnors, Physiologie, Ste Aufl, p. 448,
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2. Salts.—Inorganic compounds of various Kinds
are necessary to the preservation and proper construc-
tion of the tissues. They are all found in sufficient
quantities in the various alimentary substances con-
sumed by man and the lower animals. A deficiency of
inorganic constituents in the food is followed by dis-
ease.

3. Profeids.—Organie nitrogenous material, either
animal or vegetable, is a necessary constituent of the
food of man. Continued existence is impossible with-
out a sufficient supply of nitrogenous substances.

4. Fats, or Carbo-hydrates.—The organic non-nitro-
aenous, or carbonaceous principles of food are also nec-
essary to the continuance of health. They are sup-
plied either by fats, or by carbo-hydrates, (sugar, starch,
ete.,) which may be used as substitutes for each other.
Voit has shown that seventeen parts by weight, of
starch, is equivalent as carbonaceous or oxidisable food
to ten parts of fat.

According to Moleschott, the standard diet for a
man of average height and weight, doing moderate
work, should be as follows: Proteids, 130 grams
(4.59 oz.); fats, 84 grams (2.96 oz.); carbo-hydrates, 404
grams (14. 26 oz.). The proportion of nitrogenous to
non-nitrogenous food-stuffs would therefore be 1:3%, or
speaking roughly, 1:4. When very hard work is re-
quired, as from a prize-fichter in training, the pro-
teids are about doubled, the fats increased by about
one-fourth, and the carbo-hydrates decreased by two-
thirds.

In addition to maintaining a proper proportion be-
tween the various alimentary principles, it is necessary
to vary the articles of food themselves, otherwise they
are liable to prove nanseating. The necessity of variety
in the food, in order to preserve the appetite, is famil-
iar to everyone,.
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The table here given,* shows the relative propor-
tions of nitrogenous to non-nitrogenous alimentary
principles in the various substances named :

KITROGENOUS, NON-NITROGENOUS.

Veal, = - - - - - 10. 1.
Beef, ! : : ¢ . 10. 17.
Lentils, - - - - - - 10, 21,
Beans, - - - - - 10. 23,
Peas, - - - = - - 10. 28.
Fat Mutton, - - - - - 10, 5.
Pork, - - - - - - 10. 30,
Cow's Milk, - - - - - 10. S0
Human Millk, - - - - 10. a7.
Wheat Flour, - - - - = YN 46.
Oat Meal, - - 5 - - 10. a0.
Potatoes, . - - - - 10. 86.
Rice, - - = - - = ke 183.
Buckwheat Flour, - - - - 10. 130.

By keeping these proportions in view it will be seen
at once that if a man wished to live on beef alone, he
would have to eat four and a quarter pounds per day,
in order to get a sufficient amount of non-nitrogenous
food. Of potatoes, in order to get enough nitrogenous
food he would have to eat daily eighteen pounds. No
human stomach could prove equal to the task of digest-
ing this excess of material. On the other hand, it is
to be noted how perfect the combination of the various
principles is in human milk. In cow’s milk, which is
nearest in composition to human milk, the non-nitro-
genous principles are deficient. Henece, the important
practical point that when ordering milk diet for a pa-
tient a small portion of carbonaceous food, (bread)
must be added, if the standard of health shall be
reached, or maintained.

Climate has probably very little influence upon the
amount of food required by the individual. The
actual quantity of food consumed varies little between
various races, or in different parts of the earth. It is
true, however, that a larger proportion of fat is re-
quired in cold climates. That fatty articles of food

L i’.a:r-mms, op. cit., p. 449,
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readily undergo oxidation and furnish a large amount
of animal heat is proven both by observation and ex-
periment.

The albuminoid proximate prineiples of the food,
proteids, are represented by the nitrogenouns constitu-
ents of organic tissues. These are the vitellin and
albumen of eggs, albumin, fibrin, globulin, myosin,
syntonin and other nitrogenized prineciples of flesh and
blood ; the casein of milk, the gluten, fibrin and legu-
min of cereal and leguminous seeds and plants, gelatin
and chondrin.

Fat constitutes an integral component of animal
tissue, and is found in abundance as a constituent of
nerve tissue, marrow, and sub-cutaneous connective
tissne. In food it is represented espeecially, in the
fatty tissue of meat, the yelk of eggs, butter, ete.

The carbo-hydrates are represented especially by
varions products of the vegetable world, as sugar,
starch, dextrin, ete.

Water and the various other inorganic proximate
prineiples, chief among which are compounds of cal-
cium, sodium and potassium, are usually found in
sufficient proportion in the other alimentary sub-
stances.

The food should be taken in appropriate quantities
and properly prepared, A larger quantity than neces-
sary may overtax the digestive organs and thus yield
less than the required amount of nutritive material to
the body.

Physical exertion increases the consumption of
albuminoid and fatty principles. Hence, as in the
cases of the athlete or prize-fighter in training, larger
quantities of these principles are required to keep the
nutrition of the body at the standard of health. Du-
ring mental work, however, less nitrogenous material
is consumed than during physieal labor.
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In youth the processes of combustion (produnetion of
carbonic acid) go on with greater rapidity than after
adult life is reached. For this reason young persons
rarely get fat, the fat-producing food being burnt up
in the body by the greater metabolic activity of the
young cell. Hence, fats and carbo-hydrates should form
a larger relative proportion in the diet of the young,
than in that of grown persons.

Low external temperature causes a greater and
more rapid consumption of fat than high external tem-
perature. During febrile conditions, however, the de-
struction of the stored-up fat in the body—the wasting
away—Iis one of the most notable phenomena. Hence,
the Importance of supplying fat and fat-producing
food in chronic febrile diseases.

‘Der Mensch ist was er isst,” said Lmdwig Feuer-
bach.* The pungency of the epigram is somewhat lost
in the translation, which is literally: ‘Man is what
he eats.” The intimate relations of mental, moral and
physical eonditions of health to the gquality and quan-
tity of food deserve the earnest attention of the edu-
cated physician and sanitarian.

FOODS.

Foods or vietnals are generally divided into foods
proper, and so-called accessary aliment. The eclassi-
fication is not exact however, as the latter, which are
commonly regarded as articles of luxury, may under
certain circumstances become necessities, and hence
should not be considered as forming a separate class.

Foods are either of animal or vegetable origin.
Those derived from animal sources are milk, the flesh
of animals, birds, reptiles and fish, and the eggs of the
three last-named.

=

# Gottheit, Freiheit und UnsterDlichkeit von Standpunkt der Anthropologie,
D 5
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The foods derived from the vegetable kingdom
comprise the seeds of various plants (cereals, legumes)
roots, herbs, ripe fruits, the fleshy envelopes of various
seeds (which may properly be classed with the fruits),
and various fungi.

There are also in common use a number of bever-
ages, e. ¢., water, alecoholic liquors, alkaloidal infu-
sions (tea, coffee, cocoa), ete.

In addition, a number of substances or compounds
are in common use as condiments. Their function is
either to render victuals more palatable, or to promote
digestion and assimilation. Vinegar, mustard, and
common salt, are familiar examples.

FOODsS OF ANIMAL ORIGIN.

Milk.—Human milk is, so far as known, the one
perfect food for man found in nature. It contains, in
proper proportion, representatives of all the different
classes of proximate prineiples necessary to nutrition.
One hundred parts contain about 3.5 parts of proteids
(casein and albumin); 4 parts of fat (butter); and 5
parts of sugar. The reaction of human milk is slightly
alkaline; that of fresh cow’s milk is neutral.

In human milk there are 12.21 parts of solid mat-
ter to 87.79 of water, while in cow’s milk the propor-
tions are, solids 11, water 89 parts.

Of the solids in milk, cow’s milk contains more
proteids, while human milk is richer in fats and sugar.
Hence, in using cow’s milk as a substitute for human
milk, the proteids are diluted by the addition of water,
and the non-nitrogenous components increased by ad-
ding sugar, and under some circumstances, fat (cream).

On standing, the fatty constituent of milk, the
cream, separates, and on account of its less specific

gravity, rises to the surface, where it forms a layer of
varying thickness.
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After standing a longer interval, the milk under-
goes certain physical and chemical changes. Laectic
acid is formed at the expense of part of the sugar of
milk (a sort of fermentation taking place), and acting
upon the casein, produces coagulation. This is the so-
called ‘bonny-clabber.” When the fermentation con-
tinues, especially under a slightly elevated tempera-
ture, the solid portion becomes condensed (curd), and a
sweetish-acid, amber colored liguid, the whey, sepa-
rates. The eurd, after further fermentation, under
appropriate treatment, becomes converted into cheese.
Whey is sometimes used alone, or mixed with wine,
as an article of diet for the sick.

Butter is made from the eream by prolonged agita-
tion in a churn. The fat-globules adhere to each other
and form a soft, unctuous mass, of a yellowish color,
solid at ordinary temperatures. After the butter is all
removed in this way the balance of the cream remains
in the churn as buttermilk. This is an article of econ-
siderable nutritive value, although its excess of acid
renders it unsuitable as an article of diet in many
cases.

The specific gravity of fresh milk should not be
below 1030. It should, however, be borne in mind that
the richest milk is not always that which has the
highest specific gravity. In fact, a sample of rich
milk, containing a large proportion of cream, may
show, when tested with the lactometer, a lower specific
gravity than a specimen of much poorer milk. Hence,
the lactometer, although a useful instrument in guard-
ing against excessive dilution of the milk with water,
is not a very reliable guide in determining the quality
of the milk.

Objections are often urged against the use of so-
called ‘skim-milk,” 4. e., milk from which the cream
has been removed. In some cities in this country, the
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police, or representatives of the sanitary authorities,
seize and confiscate all skim-milk found in possession
of dealers. There appears to be no rational basis for
the opinion held by many that skim-milk is not a proper
and useful article of food. Before the lactic acid fer-
mention has taken place, it differs from fresh milk
merely in the fatty and other matters removed in the
cream. It may be used as an article of food with great
advantage and entirve safety. In certain diseased states,
it is of exceptional value, as an article of diet. The
sole objection of any weight to skim-milk is that it may
be at times sold fraundulently as fresh milk. This is,
however, a question of little sanitary interest, but one
principally of ethics.

Milk is frequently adulterated by the addition of
water, chalk and water, or other more deleterious sub-
stances. An excess of water gives the milk a bluish
tinge, and reduces its specific gravity. The addition
of water may become especially dangerous by intro-
ducing the virus of some of the acute infectious dis-
eases. Thus, localized epidemics of typhoid and scarlet
fevers, have in a number of instances been traced to
mixing the milk with water containing the poison of
these diseases,

It is a mooted question whether acute or chronic
infections diseases of the milk-giving animal may be
communieated to persons using the milk of such ani-
mals. TFacts at present known seem to negative the
proposition. At the same time it would seem to be
prudent to avoid the use of milk from diseased ani-
mals, if possible, or to destroy any organic virus the
milk may contain by previously boiling the milk. After
thorough boiling little fear need be entertained of com-
municating either acute or chronic infectious diseases
through this medium.
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The milk of cows fed upon the refuse of breweries
and distilleries,—‘swill milk,’ is believed by many
physieians to be unwholesome. If so, it is probably
only by reason of the unfavorable hygienic conditions
under which the animals are kept. If the stables are
clean, dry and well ventilated, and the animals re-
ceive plenty of fresh air and exercise, swill-fed cows
should produce as nutritions milk as when they are fed
upon different food. Much of the present agitation
against ‘swill milk’ is more prompted by politiecal
demagoguery than by scientific knowledge.

In order to prevent the rapid fermentation of milk
various methods of preservation have been adopted.
The addition of alkalies, or antiseptics retards the lac-
tic acid fermentation, while the abstraction of a por-
tion of the water and addition of sugar (condensed
milk) preserves it for an indefinite time. The mere ad-
dition of water restoresitto nearlyits original condition.

Bufter.—Butter is of especial value as food on
account of the large amount of easily digestible fat
which 1t contains. It is almost always used as acces-
sary to other articles of food, to render them more pal-
atable. When pure and fresh, it is one of the most
delicious of creature comforts. It soon undergoes the
butyrie acid fermentation, however, becoming *ran-
cid,” as it is termed, when it is unfit for food.

The great demand for butter and its consequent
high price, have led to its extensive sophistication.
Butter is now very largely substituted by an artificial
product termed oleo-margarine or butterine. This ar-
tificial butter is made from beef-suet by the following
process: Fresh beef fat is melted at as low a tempera-
ture as possible, never higher than 126°-128° F. All
membrane and tissue are then removed, and the result-
ing clear fat is put into presses, where the stearine is
extracted. The liquid fat, free from tissue, and with
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nearly all its stearine removed, is known as ‘oleo-mar-
garine oil.” The next step in the process is ‘churn-
ing.” Theoil isallowed to run into churns containing
milk and a small quantity of coloring material
(annatto), where, by means of rapidly revolving pad-
dles, it is churned for about an hour. When this part of
the process is complete, the substance is drawn off from
the bottom of the churn, into cracked ice. When cool,
it is taken from the ice, mixed with a proper quantity
of salt, and is then worked like butter and put into
firkins for the market. It is also moulded into attrac-
tive prints, in imitation of dairy butter.* When the
materials from which oleo-margarine is made are sweet
and eclean, and when the process of manufacture is prop-
erly conducted, the resulting product is an entirely
harmless article, and probably differs very little in nu-
tritive value from butter itself.

Cheese.—The value of cheese as a food depends
upon the large amount of proteids and fat which it
contains. The rich varieties of cheese, such as Fro-
mage de Brie and Roquefort, contain on an average
thirty per cent. of fat, and twenty-seven per cent. of
proteid compounds. Parmesan contains only about
eight per cent. of fat, and nearly thirty-three per cent.
of proteids, while Edam and Chester cheese which may
be considered as standing about midway between the
above, contain twenty per cent. of fat, and nearly
twenty-eight per cent. of proteids. From these fig-
ures it appears that cheese is one of the most nufritious
aliments obtainable, but it cannot be eaten in large
quantities at a time, asit is exceedingly liable to cause
disturbances of the digestive organs. The constipat-
ing property of cheese is well-known to the public.

Cheese is not often adulterated. The only articles

*Dr. W. K. Newroxy, Fifth Annual Report of the State Board of Health of New
Jersey, 1881, p. 107,
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used with success in its sophistication are lard and
oleo-margarine, which are incorporated with the casein
during the process of manufacture. It sometimes un-
dergoes chemical changes which render it intensely
poisonous when eaten.

Meat.—The flesh of mammals, reptiles, birds, fish,
and invertebrate animals is used as food by man.
Falck® has classified the varieties of animals which fur-
nish foodto the inhabitants of Europe. There are forty-
seven varieties of the mammalian class, one hundred
and five of birds, seven of amphibia, one hundred and
ten of fish, and fifty-eight of invertebrates.

Meat is the most important source of proteids in
the food. Inthe more commonly used varieties of meat,
the proteids and fats constitute from twenty-five to
fifty per cent. of the entire bulk, the proportion de-
pending largely upon the age of the animal and its
bodily condition. The following table shows the in-
fluence of these two factors upon the relative propor-
tions of the fats and proteids contained in the meat:

FParfs in 100+

PROTEIDE. FATS.
Moderately Fat Beef. - - - - - 21.39 5.19
Lean Beef. - - - . - - 20,54 158
Veal, - - - - - - 5 10.85 T.41
Verv Fat Mutton - - - - - 14.80 36 39
Fat Pork. - - - - - . - 14 .54 a7.04
Lean Pork. - - . - - - 19.91 581
Hare, - - - - - - - 23.34 1.13
Lean Chicken, - - - - - - 19.72 1.49

The flesh of animals, which is neutral inreaction im-
mediately after death, soon becomes acid in consequence
of the formation of lactic acid. The acid, acting upon
the sarcolemma and the musecular fibre, renders it softer
and more easily permeable by fluids when cooking,
and more susceptible to the action of the gastric juice
when the meat is taken into the stomach.

* Tiag Fleisch ; Gemeinverstiendliches Handbuch der Wissenschaftlichen und

Praktizchen Fleisehkunde.
+ Abridged from Loremscn ; article ‘Fleisch' in Bealencyclopedie d. ges. Heil-

kunde. Vol. 5 p. 340,
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Certain kinds of meat,—mutton and venison for
example, are often kept so long before being eaten, that
a considerable degree of putrefaction has taken place
when they are brought upon the table. The wisdom
of this practice is questionable from a hygienie point
of view,.

Meat is sometimes eaten raw, but it is usually first
cooked. The methods of cooking in general nse are boil-
ing, frying, roasting, broiling and baking. By either of
these methods of cooking, when properly carried out, the
nutritious properties of the meat are preserved and it
is rendered digestible. The culinary art deserves the
closest attention of students of hygiene.

A number of soluble preparations of meat, (beef
extract, beef essence, beef juice) are found in the
market and highly recommended as containing all the
nutritions qualities of the meat from which they are
prepared. These, and similar produets of domestie
preparation, (broths and teas) contain in reality very
little nutritive material, but are of use almost solely
as stimulants to the appetite and digestion. They
have a place in the dietary of the sick, but their nutri-
tive value is small.

Meat may be unfit for food from various causes,
Thus the flesh of animals dying from certain diseases;
splenie fever, plenro-pneumonia, tuberculosis in its ad-
vanced stages, cow or sheep-pox should not be used as
food when it can be avoided. Cases are on record
proving the poisonous character of meat from animals
which suffered, at the time of death, from some of the
above mentioned diseases. The most important condi-
tion to be borne in mind is that certain parasites, (tri-
china spiralis, echinococeus, cysticercus) which fre-
quently infest the flesh of animals, especially hogs, not
infrequently give rise to serious or even fatal diseases
in persons consuming such meat. Any meat contain-
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ing these parasites, or suspected of containing them,
should therefore not be used as food unless precau-
tions be first taken to destroy the life of the parasite.

Of the parasites mentioned, the trichina spiralis is
the most important in this connexion, as it frequently
occurs in the flesh of hogs, rats, dogs, cats and other
carnivorons animals. Rats are said to be infested with
the parasite more frequently than any other animals,
The trichinse are found in two forms, one the mature
form, inhabiting the intestinal canal. The immature
form, or musecle trichinse, are found in striped musecle,
coiled into spirals and encysted in a fibrous capsule.
They gain aceess to their host in the following manner :
Flesh eontaining living trichinz is taken into the stom-
ach, where the muscular tissue and the fibrous envelope
are dissolved, and the enclosed worms set free. These
mature in the intestinal canal, where sexual reprodue-
tion takes place, and the young embryos pass through
the intestinal walls and other tissues until they become
imbedded in striated musele. Loealized epidemies of
trichinosis have been reported in this country and
Europe, and in nearly every instance the source of the
disease has been traced to the ingestion of uncooked
pork. Meat known to be trichinous should not be used
unless in times of great scarcity. It may, however,
be rendered innocuous by thorough cooking. A tem-
perature of 140°-160° F., destroys the life of the para-
site and renders the meat safe. On account of the fre-
quent oceurrence of trichinze in pork, this meat should
never be eaten unless thoroughly cooked. It has been
ascertained that salted and smoked pork is not free
from danger, as the parasites are not killed in the pro-
cess of curing the meat. Hence ham and sausage
should not be eaten raw, as the danger from these ar-
ticles is almost equally as great as from fresh pork.
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Certain animals can devour with impunity sub-
stances which areintensely poisonous to human beings.
The flesh of the animals may be impregnated with
these poisons, and cause serious and fatal illness in
persons partaking of it. In this way may perhaps be
explained the cases of poisoning sometimes following
the eating of partridges and other birds.

Crabs, oysters, lobsters and other shell-fish, when
eaten out of season sometimes give rise to severe gastro-
intestinal irritation. Prof. McSherry, of Baltimore,
says he has seen all the gastro-enteric and nervous
symptoms, called among the Spanish people of the
West Indies by the name of siguaifere, to designate a
disease following the consumption of poisonous fishes,
induced by eating oysters unseasonably. What has
been said of oysters applies equally to lobsters and
crabs. These marine luxuries all change reacily, and
if eaten out of season, or not perfectly fresh, are liable
to cause enteric disease, cholera morbus, or siguatera.®
Some persons are also affected by an idiosyncrasy, on
account of which they cannot indulge in shell-fish with-
out the most serious discomfort, manifesting itself at
one time by a violent outbreak of nrticaria, at another
by the gastro-intestinal affections above referred to.
These attacks may occur even when the food is entirely
fresh.

During the putrefactive processes in meat certain
poisonous compounds are formed in the tissues which
cause symptoms of poisoning in those who use such
meat as food. Numerous cases have been reported
where sausages, fish, canned meats and similar articles
have given rise to serious or even fatal illness. In
most of these instances, the meat has undergone some
degree of putrefactive decomposition when it was used.
Lt is believed that the poisoning in these cases is due

#* Health and How to Promote it. New York, 1870, p, 143,
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to the action of ptomaines, which are produced during
the decomposition of meat in the absence of oxygen.
These compounds have been shown by Selmi and others
to be intensely poisonous. In some cases of poisoning
by canned meats, it is not improbable that the symp-
toms were due to lead poisoning. Most of the cans used
for preserving meats, vegetables and oysters, permit
contact between the Hluids within the can and the lead
used for sealing them. Recently an improvement has
been introduced in this respect, and cans are now made
in which all contact between the solder and the con-
tents of the cans is prevented.*

The prevention of disease from tainted meat is
one of the most important problems of public hygiene.
Food animals should be inspected by gualified inspee-
tors before slaughtering, to exclude animals suffering
from diseases that would vitiate the meat. When the
meat 1s exposed for sale upon the dealer’s stall, it
should be again inspected, and all found unfit for use
as food, confiscated and destroyed. Meat, in which
the presence of trichinge or other parasites is suspected
should be examined microscopically.t

Eggs.—Althougheggscontain a large amount of the
proteid and fatty alimentary principles, their value as
food has probably been greatly overrated. The savory
taste and ready digestibility of eggs has, however ren-

¥ In a paper read before the New York Medico-Legal Society, Dr. Jxo. G. Joax-
s0N, (Fonifarian, June, 1884), reported six cases of poisoning from eating canned tomea-
toes Dk, Joaxsox attributes the symptoms to the effect of muriate of zine and mna-
riate of tin, which he believes to have gained access to the can in the process of seal-
ing. The muriate of zine is used as a flux in soldering and the excess of acid dissolves
the tin from the internal face of the cap. No chemical examinations were made, how-
ever, to demonstrate this opinion.

+ The prevention of the diseases of animals by Wational and State authorities,
iz one of the most logical and thoroughgoing means of preventing disease from un-
wholezome meat. The American Public Health Association has for some vears devo-
ted considerable attention to the investigation of the diseases of animals, and means
for their prevention. The Department of the Interior of the-National Government
has likewise made the diseases of cattle and hogs a subject of study and published

some valuable reports thereon.
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dered them a popular article of food. For obvious rea-
sons, the eggs of the common barn-yard fowl are most
frequently used, those of ducks and geese being far in-
ferior in flavor to the first named, and being likewise
less easily obtained.

The method of cooking eggs is generally supposed
to have considerable influence upon their digestibility.
According to Dr. Beaumont’'s experiments made on
Alexis St. Martin, raw eggs are digested in one and a
half to two hours, fresh roasted in two hours and fif-
teen minutes, soft boiled or poached in three hours,
and hard boiled or fried in three and a half hours.
These experiments are, however, of very little value
as a basis for general conclusions. It is probable that
a hard-boiled egg is quite as easily digested in the
healthy stomach as a raw one, if care be taken to mas-
ticate it well and eat bread with it, so that it is intro-
duced into the stomach in a finely divided state.

Eggs readily undergo putrefaction, when sulphu-
retted hydrogen is formed in them in large quantities.
When this has taken place they are manifestly unfit
to be used as food.

FOODS OF VEGETABLE ORIGIN.

Bread.—The various cereal grains, when ground
into flour, are used in making bread. The flours of
Wlleﬂt,,i'ye,hﬂ.rley, buckwheat and Indian corn are almost
exclusively used in breadmaking. Of these, rye flour
is richest in gluten—the nitrogenous principle—while
corn meal contains most starch. The bran, or cortiecal
portion of grain contains a larger percentage of pro-
teid principles than the white internal portion, hence,
flours made from the whole grain, (bran flour, Graham
flour) if finely ground are more nutritious than the
white flours. The latter are however more digestible.
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Good bread should be light, porous and well baked.
The lightness and porosity are due to carbonic acid gas,
imprisoned in cavities of the dough during the process
of bread making. By adding yeastto the dough a fer-
mentation is caused in the latter, in consequence of
which a portion of the starch is converted into sugar,
and then into aleohol and carbonic aecid. During the
process of mixing the dough, the entire mass becomes
permeated by the gas, which, on heating, expands and
leaves the numerons large and small cavities throughout
the loaf which indicate properly made bread.

Instead of yeast, some persons use leaven, which
is simply a portion of fermenting dough, saved from a
previous baking. A small quantity of this added to a
mass of dough starts up the fermentation in a similar
manner to that of yeast.

The production of earbonic acid by fermentation
in the dough, goes on at the expense of part of the
starch. It has been proposed, therefore, to supply the
carbonic aeid from without, thus saving the entire
amount of the carbo-hydrates present in the flour.
This is accomplished in two ways. First, by the use
of some alkaline carbonate or bicarbonate (bicarbonate
of sodium, carbonate of ammonium), the carbonic acid
being set free on the application of heat, or secondly,
by foreing the gas, previously prepared, into the dough
by means of machinery.

Flour is not infrequently adulterated with chalk,
pipe-clay and similar articles. These are easily de-
tected by adding a mineral acid which produces effer-
vescence when it comes in contact with the alkaline
carbonate used as adulterant. DBakers often mix alum
with inferior grades of flour. This imparts a greater
degree of whiteness to the bread, and, in addition, en-
ables it to refain a large proportion of water, thereby
increasing the weight of the loaf.
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Formerly diseased grain (ergotised rye) often caused
outbreaks of disease when the flour made from the dis-
eased grain was used in bread-making. At the present
fime such accidents rarely oceur. In some parts of
Italyit is said that an endemic disease,—pellagra,—is
caused by the consumption of diseased Indian corn.
The evidence in favor of this view is, however, not
unquestioned.

Potatoes and rice are often used with satisfaction
as substitutes for bread. They both contain a large pro-
portion of carbo-hydrates, and when properly cooked,
are very palatable and easily digestible articles of food.
Indian corn(hominy)and oatmeal are likewise wholesome
and nutritious foods of this class.

The leguminous seeds, (beans, peas, lentils) furnish
a food containing a large percentage of proteids. Ae-
cording to the analyses of Kwnig* the average compo-
sition of the most frequently used legumes in the dried
condition is as follows:

BEANS. FEAS. LENTILS, GROUND-NUTS.t

Water, per ct. - - - 136 143 12.5 6.5
Solids, © - - - - Bb4 855 815 93.5
Proteids, - - - - 251 226 248 ~28.2
Fats, - - - - - 2.3 1.7 18 44,4

‘arbo-hydrates, - - - 536 532 547 157
Cellulose, - = = -~ B89 &5 3.6 e
Ash, - - - - 3.5 2.9 2.5 3.2

Beans, peas and lentils are often added to other
articles of food with advantage. In recent years an
important article of food for armies has been made of
various legumes ground into flour and mixed with fat,
dried and powdered meat, salt and spice. This consti-
tutes the so-called ‘Erbswurst,” which formed such an
important part of the dietary of the German army
in the Franco-German war of 1871. Bean and pea
meal is also used sometimes as an addition to other
flours in bread-making. The dried leguminous fruits

e ———

* Die Menschlichen Nahrungs-und Genussmittel, I1., p. 288,

+ The American pea-nut, the fruit or nut of erachis hypogea,
&
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cannot be used as regular articles of diet, however, as
they soon pall upon the taste, and produce indigestion,
nausea and other intestinal derangements.

Green Vegetables.—The plants unsually classed to-
gether as ‘vegetables,” the produects of the market
garden or truck farm, comprise cabbages, turnips, pars-
nips, onions, beets, carrots, tomatoes, lettuce, green
peas and beans and similar articles. They all contain
a large proportion of water, a variable proportion of
sugar, and a small percentage of proteid prineciples.
Much of their palatability and digestibility depends
upon the method by which they are prepared for the
table. All garden vegetables should be used soon after
being gathered, as they rapidly undergo decomposition,
and are liable to produce derangements of the diges-
tive organs if used under these conditions.

Fraits and Nuts generally contain large quantities
of sugar and fats. They form agreeable additions to
other articles of diet, but are insufficient to sustain
life. The use of fruits usnally produces copious intes-
tinal evacuations, and they are therefore especially to
be recommended to persons of sedentary occupations,
in whom torpidity of the bowels is so frequently present.

Condiments.—Various aromatic herbs and seeds
are used as additions to other articles of food to in-
crease their sapidity, and to promote a larger flow of
saliva and gastric juice, and so assist digestion. Mus-
tard, pepper, alspice and vinegar are the prineipal con-
diments. Within eertain limits they are not injurious,
but the tendency in the use of all stimulants is to ex-
ceed the healthful limit. Condiments, as well as other
stimulants, should be nsed in moderation.

COOKING.
Much more attention than is generally given should
be paid by physicians to the culinary art. The man-

B
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ner in which food is eooked has no little influence npon
its digestibility. There can be no question that the
extreme prevalence of funetional indigestion in this
country is almost exclusively dependent upon bad
cooking,.

The various methods of cooking are boiling, fry-
ing, roasting, broiling and baking. By either of these
methods food can be cooked so as to be palatable as
well as digestible; on the other hand the choicest
article can be utterly spoiled and rendered unfit to be
taken into the human stomach. It depends, therefore,
not so much upon the method of cooking, as upon the
knowledge and art of the cook.

Boiling.—Meats of all kinds are rendered tender
and digestible by boiling. In order to retain the flavor
of meat, the water should be boiling when the meat is
put into it. By the heat of the boiling water the al-
bumen on the outside of the meat is coagulated and
the juices and flavor retained within. After a few
minutes the temperature of the water should be reduced
to 160-170° F., and maintained at that height until the
meat is tender. By this process a much more savory
piece of beef, mutton or fowl ean be obtained, than
where the meat is put into cold water and this grad-
nally heated. The latter method is, however, the
proper one to be followed when good soup or broth is
desired.

In boiling vegetables, as much care is necessary as
in boiling meat or fish. Potatoes and rice should be
steamed, rather than boiled.

The difficulty of obtaining a good cup of coffee,
especially in the Northern portion of the United States,
illustrates the prevailing ignorance upon one of the
simplest points in the art of cooking. Coffee should
never be served in the form of a decoction, that is to
say, it should never be boiled. Properly made it is an
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infusion, like tea, which no one ever thinks of boiling.
The difference between an infusion (especially if made
by percolation) and a decoction of coffee can only be
appreciated by those who have enjoyed the one, and
endured the other.

Frying.—Frying,if properly done, is really nothing
less nor more than boiling in oil or fiuid fat of some
kind. Olive oil is preferable but is not essential ; but-
ter, beef-drippings, lard, or probably cotton seed oil
may be substituted for it without disadvantage. The
principle of frying depends upon the fact that the tem-
perature of oil ean be raised to such a height as to pro-
duce instant coagulation of the surface of meat, fish or
other object immersed in it while hot: this film of co-
agulated albumen imprisons the juices and flavors of
the meat or fish, and prevents the fat entering and
soaking the fibres with grease. Small fish or birds
properly fried are justly regarded as delicacies by con-
noisseurs, but the process of saturating these objects
with fat while gradually heating them produces a dish
that is anything rather than grateful to the palate, or
conducive to good digestion.

Roasting.—The fame of ‘the roast beef of 0ld
England’ has passed into song, but at the present day,
beef and other meats are rarely roasted, either in this
country or abroad. As Sir Henry Thompson well ex-
presses it,* ‘the joint, which formerly turned in a eur-
rent of fresh air before a well-made fire, is now half
stifled in a close atmosphere of its own vapors, very
much to the destruction of the characteristic flavor of
a roast.” It is probable that the old method of roast-
ing before an open fire produced not only the most
savory, but likewise the most nutritious and digestible
meat. It is much to be regretted that the process has
fallen so greatly into disuse.

# Food and Feeding, London, 1880, p. 45,
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Broiling and Baking.—These methods of cooking
are modifications of the process of roasting. Meats or
fish earefully broiled or baked preserve their natural
juices and flavors to a great extent, and retain their
digestibility and nutritious properties. Of all methods
of eooking these are probably best known and most
satisfactorily applied in this country.

ALIMENTARY BEVERAGES.

The alimentary beverages may be divided into two
classes. Those depending for their effects upon the
alcohol they contain, and those whose active principles
reside in certain alkaloids. They are used chiefly as
digestive and nervous stimulants.

BEVERAGES CONTAINING ALCOHOL,

The physiological action of alecohol has been pretty
fully worked out by Binz and his pupils, and by other
experimenters. From these researches, it appears that
the first effect of taking alcohol, sufficiently diluted,
into the stomach, is to increase the flow of the saliva
and gastric juice. This effect is probably reflex, and
results from a stimulation of nerve terminations in
the stomach. The alcohol is rapidly absorbed, and is
carried in the blood, without undergoing chemical
change, to the nervous centres, lungs and tissues general-
ly. In the brain the alcohol probably enters into com-
bination with the nervous tissue, modifying the normal
activity of the various centres, either increasing the
activity, if the alcohol is in small quantity, (stimulat-
ing effect) or diminishing it, if in larger quantity, (de-
pressing effect) or entirely suspending the activity of
the centres, if in sufficiently large quantity, (paralysing
effect).

Aleohol stimulates the vaso-dilator nerves, caus-
ing dilatation of the smaller vessels; in consequence of
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this the blood is largely sent to the periphery of the
body ; the blood pressure diminishes, and heat-radia-
tion is increased. At the same time a portion of the
aleohol is used up in the lungs in the production of
animal heat, thus economising the expenditure of fats
and proteids, and acting as a true respiratory food.
Alcohol does not contribute nutritive material to the
body ; it only permits that which is stored up to be
saved for other uses, by furnishing easily oxidisable
(combustible) material for carrying on the respiratory
process, and supplying animal heat.

During the use of alcohol the execretion of urea is
diminished. This shows that waste of tissue is re-
tarded in the body.

Regarding the statement of some aunthorities that
alcohol does not undergo any change in the body, butis
excreted unchanged, Binz asserts® that alcohol appears
in the urine only when exceptionally large quantities
have been taken, and then in very small proportion.
It is not excreted by the lungs, the peculiar odor of
the breath being due not to the aleohol, but to the vol-
atile aromatic ether, which is oxidised with greater
difficulty and so eseapes unchanged.

“While alecohol produces subjectively an agreeable
sensation of warmth in the stomach and on the surface
of the body, the bodily temperature is not raised.
The subjective sensation is due to the dilatation of the
blood vessels, and the sudden hyperemia of those parts.

During fevers and other exhausting diseases, alco-
hol is invaluable to prevent waste of tissue and sustain
the strength. It does not act merely as a stimulant to
the circulation and nervous system, but as above
pointed out, saves the more stable compounds by fur-
nishing a readily oxidisable respiratory food.

e o

* Realencyclopmdia, d. pes, Heillk, Bd, 1. p. 183,
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When taken in small doses by healthy persons,
alcohol diminishes the temperature by increasing heat-
radiation. When large quantities are taken, the bodily
femperature is reduced by diminishing heat produc-
tion, as well as by increased radiation. This is shown
in the condition known as dead-drunkenness, in which
the temperature is sometimes depressed as much as 20°
below the normal. Cases in which the temperature
sank to 75°, 78.8° and 83° F. have been reported, with
recovery in all the cases.

The constant use of alcohol produces in all the
organs an excess of conneetive tissue, followed by
fatty degeneration and the condition known as cir-
rhosis. The organs most frequently affected are the
stomach, liver and kidneys. Serious pathological alter-
ations also occur in the circulatory, respiratory and
nervous systems.

Aleohol is not necessary to persons in good health.
Probably most persons, regardless of their state of
health, do better without it. Its habitual use in the
form of strong liquors is to be unreservedly condemned.
The lighter wines and malt liquors, if obtained pure,
may be consumed in moderate quantities without ill
effects. Even in these forms however, the use of alco-
hol should be discouraged, or perhaps prohibited in
the young.

Neither in hot, nor in cold climates is alcohol
necessary to the preservation of health, and itsmoderate
nuse even produces more injury than benefit. The Polar
voyager and the East India merchant are alike better
off without aleohol than with it.

It has long been a prevalent belief that the nse of
alcohol enables persons to withstand fatigue better
than where no alcohol is used. A large amount of con-
current testimony absolutely negatives this belief.*

* Sce PARKES' Hygiene, 6th Ed., Vol. 1, p. 315-387.
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The predisposition to many diseases is greatly
increased by the habitual use of aleohol. Sunstroke,
the acute infections diseases, and many local organic
affections attack by preference, the intemperate. A
recent collective investigation by the British Medical
Association, brought out the fact that eroupous pneu-
monia, is vastly more fatal among the intemperate than
among those who abstained from the use of alcoholic
liquors.

Aleohol as a beverage, 1s consumed in the various
forms of spirits, wines, and fermented liquors. The
varieties of spirits most frequently used are brandy,
whiskey, rum and gin. They are all procured by
distillation.

Brandy is distilled from fermented grape juice
and has a characteristic aromatic flavor. When pure
and mellowed with age it is the most grateful to the
palate of all distilled spirits.

Whiskey is distilled from barley, rye, oats, corn
or potatoes. Fach of these has a peculiar flavor,
depending upon the particular volatile ether formed
during the distillation. Rye, barley and corn whiskeys
are almost exclusively used in this country.

Rum is distilled from molasses, and is a favorite
ingredient in hot punches. It is often used with milk,
egos and sugar, in the preparation of egg-nogg, a
highly nutritious, stimulating drink, which is often
prescribed with great benefit in acute and chronie
wasting diseases.

Gin is an ardent distilled spirit flavored with oil
of juniper. It has a widely-spread popular reputation
as a cure for kidney diseases, but is probably oftener
responsible for the production of these diseases than
for their cure.

All of the above mentioned liquors contain from
forty to sixty per cent. of alcohol, and should always
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be diluted before being taken into the stomach, in
order to prevent the local irritant effects of the
alecohol npon the gastric mucous membrane.

Wine is the produet of the aleoholie fermentation ot
the saccharine constituents of fruits. Wine is usunally
derived from the grape, though other fruits may also
furnish it. The stronger wines, (sherry, port, madeira)
contain from sixteen to twenty-five per cent. of alco-
hol. The lighter wines (hock, red and white Bordeaux
and Burgundy wines, champagnes) contain from six to
fifteen per cent. of alcohol. Some also contain con-
siderable free carbonic acid, (sparkling wines) of which
the champagnes are types. The red and white Bor-
deaux and Rhine wines are probably the least objec-
tionable of these beverages for habitual use. They
contain sufficient aleohol to be lightly stimulant, have
a pleasant acid flavor, and are least likely to produce
the bad effects which usually follow in the wake of
the habitual use of the stronger wines, or ardent
spirits.

Preference should be given to the wines of domestic
manufacture, on account of the great probability of
adulteration of the favorite brands of foreign wines.

Cider is the fermented juice of apples. It fre-
quently produces unpleasant gastric and intestinal
disturbances when drunk, on account of the large
quantity of malic acid confained in it. Although it
is usnally ranked as a ‘temperance drink’ it is quite
capable of causing intoxication when consumed in
large quantities.

Beer is the fermented extract of barley, mixed
with a decoction of hops and boiled. It should be
prepared only of malt, hops, yeast and water, and
should eontain from three to four per cent. of aleohol,
five to six per cent. of extract of malt and hops, two
to four per cent. of lactic and acetic acids, and from
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one-fourth to one-half per cent. of carbonic acid. This
ideal is however rarely attained in the article sold by
the liquor dealer. Numerous adulterations are prac-
tised on the unsuspecting consumer. The hops are
frequently substituted by aloes, calamus and ginger,
or by the more deleterions picric acid, or picrotoxin.
The rich brown color, sweetness, body and ereamy foam
are produced by caramel and glycerine. The more
expensive barley malt is substituted by starch and rice,
or grape sugar and molasses.

Ale, porter and brown-stout are merely varieties
of beer—some containing more sugar, others more
extractive matter.

Beer and its correlatives have considerable dietet-
ic value, owing not merely to the aleohol they contain,
but largely to the sugar and acids entering into their
composition. When used to excess, they often cause a
considerable accumulation of fat.

Koumyss is the national beverage of the nomadic
tribes of Tartary. It consists of the milk of mares
which has undergone partial fermentation. Recently
it has been introduced into Europe and this country,
where it is made of cow’s milk. It is a palatable,
nutritious stimulant, and is often useful as a dietetic
article in disease.

THE ALKALOIDAL BEVERAGES.

The virtues of the alkaloidal beverages depend
upon certain alkaloids which differ very little in their
chemical composition or physiological effects, and upon
certain volatile aromatic constituents of the various
articles nsed. The principal articles employed in the
preparation of these beverages are coffee, tea, chocolate,
maté and coca. It is estimated that 500,000,000 peo-
ple drink coffee, 100,000,000 tea, 50,000,000 chocolate,
15,000,000 maté or Paraguay tea, and 10,000,000 coca.
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All of these are active nervous stimulants and refard-
ers of tissue-waste. They are all liable to produce
serious functional disturbances of the nervous, digestive
and circulatory systems if used to excess. Anemia,
digestive derangements, constipation, pale, sallow com-
plexion, loss of appetite, disturbed sleep, nervous
headaches and neuralgias are the most marked of these
effects.

On the other hand, when taken in moderate
quantity, the alkaloidal beverages enable the consumer
to withstand eold, fatigune and hunger; promptly
remove the sensation of hunger, and diffuse a glow of
exhilaration throunghout the body.

Coffee.—Coftee is the ripe fruit (seed) of the Cuffea
Arabica, a native of Arabia and Eastern Afriea, but
now cultivated in other tropical regions of the world.
The fruit consists of two flat-convex beans, the flat.
surfaces of which are apposed to each other. These
are enclosed in a fibrous envelope which is sometimes
used as a cheap substitute for the coffee-bean.

The beverage, coffee, is an infusion of the roasted
and ground bean in hot water. Its virtues depend
upon the alkaloid, caffein, and an aromatic oil. The
latter, being volatile, is driven off by long-continued
heat. Hence boiled coffee lacks the grateful aroma of
that which is made by simply infusing the ground bean
in hot water.

The great demand for coffee, and its comparatively
high price have caused it to be extensively adulterated
and substituted by other natural and artificial produects.
Artificial coffee beans have been made of clay, dough
or extract of chicory, colored to imitate the natural
bean. The fraud is easily detected by placing the
beans in water, when the artificial product soon falls
to pieces, while the natural beans undergo no change of
shape or consistence. |
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Ground coffee as found in the stores is usually
adulterated. The materials used for sophistication are,
the grounds of coffee previously used, the roasted root
of chicory, acorns, rye or barley, carrots, sun flower
seeds, caramel and a number of articles of similar value,
generally harmless.

Tea.—The plants which furnish the tea-leaves are
natives of China, Indo-China and Japan. The tea-
leaves contain a crystalline alkaloid, thein, identical in
composition and properties with caffein. The various
sorts of tea found in the market (green and black teas,
ete.) differ only in the relative proportion of tannin
and thein contained in each. The aromatic principle
also varies somewhat in the different sorts.

Tea 1s adulterated to quite as great an extent as
coffee, the leaves of various plants bearing more or less
resemblance to tea leaves being added to the latter.
Muech of the tea found in the market is colored
artificially with Prussian blue and iron oxide. These
additions are harmless, as they are not soluble in
water.

Chocolate.—Cocoa, from which choeolate is derived
is widely different in composition from tea and coffee.
In addition to its active principle, theobromin, which
is identical with caffein and thein, it contains nearly
50 per cent. of fat, which renders it an article of high
nutritive value.

Maté, or Paragunay tea, gnarana, and coca are
used to a considerable extent in some parts of South
America, as substitutes for coffee and tea. Their com-
position is not well known, but their effects are believed
to depend upon alkaloidal principles similar to caffein
and thein.

TOBACCO.

Closely connected with the subjects treated in this
chapter are the effects of the constant use of tobacco
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upon the human system. The depressing effects of
tobaceco, due principally to the nicotin upon the ner-
vous and digestive systems, have long been recognized.
Recently however, it has been found that very serious
symptoms are produced upon the sense of vision by the
constant or excessive use of tobacco. A special form
of amaurosis, termed tobacco amaurosis, has been
frequently noticed since attention was first called to it

by Mackenzie.
[The following additional works are recommended

to the student:
Taos. K. CHAMBERS, on Diet in Health and Disease. EpwARD SmiTh,

on Foods. FORrRsTER, Erniihrung, in PETTENKOFER u. Z1EMssEX's Handbuch
der Hygiene. |



CHAPTER 1V.
SOIL.

HrprocrATES treated at length, in one of his works,
of the sanitary influences of the soil. Others of the
older writers, especially Herodotus and Galen called
attention to the same subject, and Vitruvius, the cele-
brated Roman architect, who flourished about the
beginning of the Christian era, taught that a point of
first importance in building a dwelling was to select
a site npon a healthy soil.

From this time until the beginning of the eigh-
teenth century, very little of value is found in medical
literature bearing upon this subject. In 1717, how-
ever, Lancisi published his great work on the causes
of malarial fevers in which he laid the foundation for
the modern theory of malaria, and pointed ount the
relations existing between marshes and low-lying lands
and those diseases, by common consent, called mala-
rial. Other authors of the eighteenth, and the early
part of the nineteenth century, refer to the connexion
between the soil and disease, but exact investigations
have only been made within the last thirty years.

When it is considered that the air that human
beings breathe, and much of the water they drink, are
influenced in their composition by the matters in the
soil, the great importance of possessing a thorough
knowledge of the physical and chemical conditions of
the soil becomes evident to every one.

PHYSICAL AND CHEMICAL CHARACTERS OF THE SOIL.

In the hygienie, as in the geological sense, rock,
sand, clay and gravel are included in the consideration
of soils.
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The so0il, as 1t is presented to us at the surface of
the earth, is the result of long ages of disintegration of
the primitive rocks by the action of the elements, of
the decomposition of organic remains, and possibly, of
accretions of cosmical dust. The principal factor,
however, is the action of water upon rock, in leveling
the projections of the earth’s surface produced by vol-
canic action.

Soils vary considerably in physical and chemical
constitution. A soil may, for example, consist exclu-
sively of sand, of clay, or of disintegrated calcareous
matter. Other soils may consist of a mixture of two
or more of these, together with vegetable matter under-
going slow oxidation. In forests, a layer of this slowly
decomposing vegetable matter of varying thickness is
found, covering the earthy substratum. This organie
layer is called Awmws, and when turned under by
ploungh or spade, and mixed with the sand or clay
base, it constitutes the ordinary agricultural soil.

THE ATMOSPHERE OF THE SOIL, OR GROUND AIR.

The interstices of the soil are oceupied by air or
water, or by both together. The soil's atmosphere is
continuous with, and resembles in physical and chem-
ical properties that which envelopes the earth. Its
proportion to the mass of the soil depends upon the
degree of porosity of the soil and upon the amount of
moisture present. In a very porous soil, such as, for
example, a coarse sand, gravelly loam or coarse-grained
sandstone, the amount of air is much greater than in a
clayey soil, granite, or marble. So, likewise, when the
soil contains a large proportion of water the air is to
this extent excluded. The porosity of various soils,
as evidenced by the amount of air contained in them, is
much greater than would, at first thought, be sup-
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posed. Thus it has been found that porous sandstone
may contain as mnch as one-third of its bulk of air,
while the proportion of air contained in sand, gravel
or loose soil may amount to from thirty to fifty per
cent.

The ground-air is simply the atmospheric air which
has penetrated into the interstices of the soil and taken
part in the various chemical decompositions going on
there. In consequence of these chemical changes the
relative proportions of the oxygen and carbonic acid
in the air are changed—oxygen disappearing and
giving place to carbonic acid. It is well-known that
during the decay of vegetable matter in the air, car-
boniec acid is formed:; one constituent of this com-
pound, the carbon being derived from the vegetable
matter, while the oxygen is taken from the air. Hence,
if this action takes place where there is not a very free
circulation of air, as in the soil, the air there present
soon loses its normal proportion of oxygen, which
enters into ecombination with the earbon of the vegeta-
ble matter to form carbonie acid.

Thirty years ago, MM. Boussingault and Lévy,
two distinguished French chemists, examined the air
contained in ordinary agricultural soil, and found that
the oxygen was diminished to abount one-half of the
proportion normally present in atmospheric air, while
the carbonic acid was enormously increased. The
exact results obtained by Boussingault and Lévy were
as follows:

In one hundred volumes of ground air there were
10.35 volumes of oxygen, 79.91 volumes of nitrogen,
9.74 volumes of carbonic acid. In atmospherie air, on
the other hand, there are in one hundred volumes 20.9
volumes of oxygen, 79.1 volumes of nitrogen, 0.04
volumes, or about one twenty-fifth of one per cent., of
carbonic acid.
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In spite of the striking results obtained by these
two chemists, very little attention was paid to them by
sanitarians, as very few seemed to have any clear
notion of the relations existing between the motions of
the air above ground and that under ground.

In 1871, however, Prof. Von Pettenkofer, of
Munich, published the results of his own examinations
into the constitution and physical conditions of the
ground air, and the relations of the latter to the
propagation of epidemic diseases. These researches,
which created a wide-spread interest in the subject,
were extended by other observers in all parts of the
world. These observers, prominent among whom were
Professors Fleck and Fodor, in Germany ; Drs. Lewis
and Cunningham, in India; Prof. WWm. Ripley Nichols,
in Boston, and Surgeons J. H. Kidder and 8. H. Griffith
of the U. S. Navy, in Washington, demonstrated that
the increase of carbonie acid in the ground air is due
to increased vegetable decomposition and to lessened
permeability of the soil. A permeable, that is to say,
a sandy or gravelly soil, is likely to contain less
carbonic acid in its atmosphere than a dense, less
permeable clay, although the amount of decomposition
going on, and the production of carbonic acid in the
former may considerably exceed the latter. In the
loose sandy soil, the circulation of the air is less
obstructed, and the carbonic acid may easily escape
and be diffused in the superincumbent air, while the
close-pored clay imprisons the carbonic acid and
prevents or retards its escape into the air above.

The disappearance of oxygen from the ground
atmosphere is coincident with the production of an
equivalent amount ef carbonie acid. It appears from
this that in the soil an oxidation of carbonaceous
substances takes place, the product of which is the
excess of carbonic acid in the ground air.
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Prof. Nichols has found the proportion of earbonic
acid in the air taken from a depth of ten feet below the
surface in the ‘made-land’ of Boston, amount to 21.21
per thousand, the observation being made in August.
In December, at a depth of six feet, the proportion
was 3.23 per thousand. Fodor, in Buda-pesth, found
the proportion of carbonie acid to be 107.5 per thous-
and (over 10 per cent.), the air being taken from a depth
of thirteen feet,

Movements of the ground-atmosphere are prin-
cipally due to differences of pressure and temperature
in the air above ground. Owing to such differences
the air from the soil frequently permeates houses,
entering from cellars or basements. In winter, when
the air of houses is very much more heated, (and con-
sequently less dense) than the air out of doors, the
difference of pressure, thus caused, draws the ground-
air up through the house, while the cold external
atmosphere penetrates the soil and occupies the place
of the displaced ground-air.* A similar effect oceurs
in consequence of heavy rains. The water {ills up the
interstices of the soil near the surface and forces the
ground-air out at points where the pores remain open.
These places are the dry ground under buildings,
where the air escapes and passes through floors and
ceilings into the house above. Heavy rains may thus
be the cause of pollution of the air in houses. The
greater the porosity of the soil, the more likely is this
to happen. This pollution of the hounse-air may be
prevented by having impervious floors and walls to
cellars and basements, or by interposing a layer of
charcoal between the ground and the floor of the house.
The latter does not prevent the passage of the ground-

o rw—a = —— =

* [t is, of course, not strictly correct to say that the air iz #rown vp throngh the
house by the diminution of pressure; it being rather forced out of the soil by the
colder and denser outside air ; but the phrase iz sufficiently exact and will be readily
underatood.
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air, but the charcoal layer absorbs the noxious matters,
—filters the ground air, as it were.

In the spring and early summer the ground being
colder than the air above it, and the ground-air conse-
quently heavier and denser, the latter is not easily dis-
placed. It is perhaps due to this fact that those infec-
tious diseases which are probably dependent upon the
movements of the ground-air are less prevalent in the
spring and early summer than in the latter part of
summer, autumn and early winter. In the autumn
the ground-air being warmer than the air above ground
is easily displaced by the latter and forced out into
the streets and houses to be inspired by men and ani-
mals. The same conditions may explain the greater
likelihood of infection at night, which is proven for
such diseases as malarial and yellow fevers. The
colder outside air penetrates the interstices of the soil
and forces out the impure ground-air.

The researches of Fodor have demonstrated that
the proportion of carbonie acid in the ground-air may
be taken as an approximative measure of the impurity
of the soil whence the air 1s taken. The influence of
the permeability of the soil, as before pointed out, must
however not be overlooked in estimating the significa-
tion of the earbonic acid. Fodor has shown that the
proportion of carbonie acid in the ground-air, and con-
sequently the amount of organic decomposition, is
greatest in July and least in Marech. That the carbonic
acid is derived from the decomposition of vegetable
matter, has been proven by Pettenkofer. This observer
examined specimens of air brought from the Lybian
desert, and found that the proportion of carbonic acid
in the ground-air was exactly the same as in the air
collected above ground. There being no vegetable
growth in the desert there can, of course, be no veg-
etable decomposition going on in the soil.
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The excess of carbonie acid in the ground-air is an
indication of the deficiency of oxygen as has been
shown. The air at a depth of thirteen feet below the
surface was found to contain only from seven to ten
per cent. of oxygen—one-half to one third of the nor-
mal proportion. Many basements occupied by people
as living rooms extend from five to ten feet underground,
and hence are liable to be supplied with an atmosphere
approaching in impurity that just mentioned. Tt
requires no very vivid imagination to appreciate the
dangers to health that lurk in such habitations.

THE WATER OF THE S01IL, OR GROUND-—WATER.

At a variable depth below the surface of the
ground, a stratum of earth or rock is found through
which water passes with difficulty, if at all. Above
this, there is a stratum of water which moves from a
higher to a lower level, and whieh varies in depth at
different times according to the amount of precipita-
tion (rain or snow-fall) and according to the level of
the nearest body of water toward which it flows. This
stratum of water is termed the ground-waier, and has
within the last few years assumed considerable impor-
tance from its apparently close relations fo the spread
of certain of the infections diseases. The direction of
horizontal flow of the ground-water is always toward
the drainage-area of the district. Thus, it is usually
toward lakes, rivers or the sea. Rains, or a rise in the
river cause a rise in the ground-water, while long con-
tinned dry weather, or a low stage of the river which
drains off the ground-water causes a fall in the latter.
On the sea-coast the ground-water oscillations probably
correspond with the tides. The writer is not aware of
any observations made to determine this point, with the
exception of a single instance mentioned by Dr. De
Chaumont. In Munich, where the ground-water flows
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toward the river Isar, which divides the ecity, it has
been found that the annual range or oscillation (the
difference between the highest and lowest level during
the year)is ten feet, while the horizontal movement
amounts to fifteen feet per day. In Buda-pesth the
annual range was found by Fodor to be less than three
feet, while in some portions of India it amounts to
more than forty feet. As it is from the ground-water
that the greater portion of the supply of drinking water
in the country and in villages and small towns is drawn,
it becomes at once manifest how important it is to pre-
vent, as far as possible, pollution of this source. Cess-
pools and manure-heaps and pits, of necessity, contam-
inate the soil, and also ground-water for a distance be-
low and around them, and such water is clearly unfit
for drinking and other domestic purposes. Hence, the
reason why wells should not be placed too near privies
and manure-heaps or pits, becomes apparent.

Between the level of the ground-water, or that
portion of the soil where its pores are entirely occupied
by the water—where, in other words, the ground is
saturaled—and the surface, is a stratum of earth more
or less moist,; that is to say, the interstices of the soil
are partly filled with water and partly with air. It is
in this stratum that the processes of organic decay or
putrefaction are going on, in consequence of which the
pollution of the ground-air occurs. The oxidation of
non-nitrogenouns matter in the soil results in the forma-
tion of carbonic acid. On the other hand, nitrogenized
compounds are oxidised into nitric acid and nitrates.
When, however, putrefaction occurs, nitrous acid, or
nitrites and ammonia are formed, the oxidation not
proceeding far enough to result in nitric acid.

Recent observations seem to show that these
processes of decomposition are initiated and kept up
by minute organisms termed bacferia, just as fermenta-
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tion in liguids containing sugar can only take place in
the presence of the yeast plant. It has been found
that when non-putrefactive decomposition goes on, there
are always present multitudes of one variety of these
minute organisms; while if putrefactive decomposition
is going omn, a number of other varieties of these
organisms are present. Just as, when a fermenting
liguid becomes putrid, the yeast plant disappears and
its place is taken by the ordinary bacteria of putrefac-
tion, so in the soil, if the access of oxygen which is
necessary to the life of the bacteria of decay, is
prevented, these organisms die and are succeeded by
the organisms of putrefaction. It has been found that
in a soil saturated with water the baecteria of decay
cannot live, while those of putrefaction may flourish,
because these latter organisms can sustain life, and
develope in the absence of oxygen. Prof. Fodor’s
researches indicate that the organism of non-putrefac-
tive decomposition or decay is that which is termed by
Cohn bacterinm lineola; and that the bacterivm {ermo
is the principal organism of putrefaction.

DISEASES SPREAD BY SOIL IMPURITIES.

Given now an area of soil, say the ground upon
which a house or eity is built, with a moist stratum in
which the processes of decay are active, and imagine a
rise in the ground-water. The ground-air, charged
with carbonic acid and other products of decomposition,
is forced out of the pores of the soil by the rising
ground-water, and escapes into the external air, or
through cellars and basements into houses and may
there produce disease. But the saturation of the soil
with water prevents the further development of the
bacteria of decay, and this is checked, or, putrefaction
may take place. If now, the ground-water sinks to its
former level or below, the processes of decay again
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become very active in the moist stratum, and large
gquantities of ecarbonic aecid 'and other inorganic
compounds are produced. If the germs of infectious
or contagions diseases have been introduced into the
soil, they also multiply and may escape with the
movements of the ground-air into the external
atmosphere and there produce their infective action.
This, it is held by Pettenkofer and his followers is
what actually oceurs in cholera and typhoid fever.
Prof. De Chanmont has laid down the rule that a soil
with a persistently low stage of ground-water, say
fifteen feet below the surface of the ground, is healthy ;
a persistently high stage of ground-water, less than
five feet below the surface, is unhealthy, while a
fluetnating level of the ground-water, especially if the
changes are sudden and violent, is very unhealthy.
This would lead us to expect that places where this
fluetuation is very great would show a large mortality
from sueh diseases as are attributed to impurities in
the soil. And this we find especially true in India.
In certain localities in India, cholera, for example, is
endemic—that is to say, the disease is never entirely
absent in such localities. Caleutta is one of these places.
The rainy season begins about the first of May and
continues until the end of October. During the next
six months there is very little rain. It is fair to assume
that the ground-water rises during the rainy season
and checks decay and the multiplication of the germs
of the disease in the soil, and that these processes become
more active as the dry season advances and the ground-
water level falls. If we note the death-rate from chol-
era in Caleutta it will be found that it bears a distinct
relation to the movement of the ground-water. The
deaths from cholera begin to inerease from October and
reach their height in April. Dr. Macpherson, who has
written a very elaborate history of Asiatic cholera,
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shows this relation very clearly. For twenty-six years
the average rainfall was sixty-three inches. From
May to October fifty-seven inches fell, while the remain-
ing six inches fell from November to April. The aver-
age number of deaths from cholera annunally was four
thousand and thirteen. Of these, one thousand two
hundred and thirty-eight died in the rainy season, while
two thousand seven hundred and seventy-five, nearly
three-fourths, died during the period of dry weather.

In the cholera epidemics of 1866 and 1873 in Buda-
pesth, the same relations existed between the ground-
water and the cholera. As the level of the ground-
water rose the cholera diminished, while the disease
increased npon the sinking of the ground-water. Ex-
actly the same behavior was exhibited by the disease in
Munich in 1873.

There seems good reasontobelieve that typhoid fever
is propagated in consequence of movements of the ground-
water, in the same way as above explained for cholera.
This does not exclude the infection of drinking water
by the disease-germ, since much of the drinking water
used, as before stated, is drawn from the ground-water.
Pettenkofer, Buhl and Virchow, have shown that the
death-rate from typhoid fever has a distinet and defi-
nite relation to the ground-water oscillations. This
has been incontestably proven for two cities, Munich
and Berlin. When the level of the ground-water is
above the average, typhoid fever decreases:; when it is
below the average, the number of cases becomes greater.
It has been mathematically demonstrated that in Mnu-
nich the probability of the coincidence of a low stage
of the ground-water with an increase of typhoid fever
is in the ratio of 36,000 to 1. Hence, it may be re-
garded as an established law that the rise and fall of
the ground-water bears a definite relation to the mor-
bility rate of typhoid fever.
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About twenty years ago Dr. Henry I. Bowditch, of
Boston, called attention to the frequent connexion be-
tween cases of pulmonary consumption and dampness
of the soil upon which the patients lived. After a very
extended and laborious investigation Dr. Bowditch
formulated these two propositions:

‘First—A residence in or near a damp soil, whether
that dampness be inherent in the soil itself or caused
by percolation from adjacent ponds, rivers, meadows,
or springy soils, is one of the principal causes of con-
sumption in Massachusetts, probably in New England,
and possibly other portions of the globe.

‘Second—~Consumption can be checked in its career,
and possibly—nay, probably—prevented in some in-
stances by attention to this law.”*

Dr. Buchanan, of England, about the same time
showed that the thorough drainage of certain English
-eities had markedly diminished the deaths from con-
sumption in the drained cities. So far as the writer is
aware not a single fact has been established which mil-
itates against the law laid down by Dr. Bowditeh and
so strongly supported by the statistical researches of
Dr. Buchanan, yet hardly any notice has been taken of
these results by physicians. Few know anything of
them and still fewer seem to have made practical use
of such knowledge in advising patients. As corrobo-
rative of the views of Dr. Bowditch the rarity of con-
sumption in high and dry mountainous districts or
plateaus may be cited.

DISEASES OF ANIMALS PROBABLY DUE TO SIMILAR CON-
DITIONS OF THE S0IL.

The modern study of the sanitary relations of the
soil is still in its infanecy. Whatever definite knowl-

* Consumption in New England and elsewhere. Second Edition, Boston, 1866,
I &7,
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edge has been gained relates merely to physical or
chemiecal conditions of the soil and its atmosphere and
moisture, or possibly the relations of these to the spread
of certain diseases in human beings. But there is per-
haps, a wider application that may be made of such
knowledge than has been heretofore suggested. The
domestic animals which form such a large portion of
the wealth of this country-—horses, cattle, sheep and
hogs—are liable to infectious and contagious diseases,
as well as are human beings, and many millions of dol-
lars are lost annually by the ravages of such diseases.
Now, from what is known of such diseases as splenic
fever among cattle, and of the so-called swine-plague,
it does not appear improbable to the writer that the
source of infection is a soil polluted by the poisonous
cerm of these diseases, just as it seems demonstrated
that cholera and typhoid fever, and possibly malarial
feversare so caused. The laborious investigationsof M.
Pasteur in France have shown that the cause of splenic
fever when once introduced into a loeality will remain
active for months and even years, and it seems probable
that a study of the soil in its relations to the diseases of
domestie animals is a subjeet to which attention may
profitably be given.

It is well-known that mileh-cows frequently suffer
from a disease identical in its nature with econsumption
in human beings. It isbelieved by many that the milk
of such animals is not only unfit for food by reason of
its poor quality, but that it may convey the disease to
human beings when used as food. The observations of
Bowditch and Buchanan, quoted above, show that con-
sumption in man may be, and doubtless is frequently
caused by soil-wetness. It seems probable that the
same cause should produce similar effects in the lower
animals, and it is the writer's firm conviction that an
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examination into the circumstances under which cows
become attacked by consumption would prove this prob-
ability a fact.

DRAINAGE.

In many soils drainage is necessary in order to
secure a constant level of the ground-water at a suf-
ficient depth below the surface. Drainage and sewer-
age must not be confounded with each other. Drain-
age contemplates only the removal of the ground-water,
or the reduction of its level, while sewerage aims to
remove the refuse from dwellings and manufactories,
including excrementitions matters, waste water and
other products, and in some cases the storm water.

Sewers should never be used as drains, although
for economy’s sake, sewer and drainage pipes may be
laid in the same trench. Sewer pipe must be perfectly
air and water tight to prevent escape of its liguid or
gaseous contents into the surrounding soil and render-
ing it impure. Drainage pipe, on the other hand,
should be porous and admit water freely from without.
Escape of the contents of the drain pipe into the sur-
rounding soil will not produce any pollution of the
latter.

The best material for drains is porous earthenware
pipe, or the ordinary agricultural drain-tile. Coarse
gravel, or broken stones may also be used, and prove
efficient if the drains are properly constructed. Refer-
ring again to the aphorism of Prof. De Chaumont,
that a persistently low ground-water, say fifteen feet
down, or more, is healthy ; that a persistently high
ground-water, less than five feet from the surface is
unhealthy ; and that a fluctuating level, especially if
the changes are sudden and violent, is very unhealthy,
the necessity appears obvious, that in the construction
of drainage works, the drains should be placed at a
sufficient depth to secure a level of the ground-water
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consistent with health. This depth should never be
less than ten feet and if possible, not less than fifteen
feet. Care must be taken that the outflow of the drain
is unobstrueted, in order that the soil may be kept
properly dry at all times.

In the absence of a proper mechaniecal system of
drainage, the planting of certain trees may efficiently
drain the soil. It has been found that the Eucalyptus
tree has produced drying of the soil when planted in
sufficient numbers in marshy land. The roots absorb
a prodigious quantity of water which is then given off
by evaporation from the leaves. Sunflower plants have
a similar effect upon wet soils.



CHAPTER V.
REMOVAL OF SEWAGE.

In all larger communities, certain arrangements
are necessary to secure a prompt and efficient removal
of excreta and the refuse and used water of house-
holds and manufacturing establishments, the sweepings
of streets, and rain water.

The total quantity of exerementitious products,
feces and urine, for each individual, including men,
women and children, has been estimated by Dr. Parkes
as two and a half ounces of fecal, and forty ounces of
urinary discharge daily. This would give for a popu-
lation of 1,000 persons, 25 tons of feces and 91,250
callons of urine per year. If to thisis added a minimum
allowance of thirty-five gallons of water per day to
each individnal, a complete sewerage system for a pop-
ulation of 1,000 persons would require provision for the
discharge of 35,2794 gallons of sewage passing through
the sewers every day. In this estimate, storm water,
and such accessary feeders of the sewage are omitted.

The organic matters contained in sewage, even if
free from the specific germs of disease, give rise to
noxious emanations, which, when inhaled, probably
produce a gradual depravement of nutrition, that
renders the system an easier prey to disease. For
this, and other reasons, it is important that such
measures be adopted as will seeure the removal of
sewage matters from the immediate vicinage of houses
as quickly as possible affer they have been discharged.

The impregnation of the soil with sewage produces
a contamination of ground-air and ground-water,
which may become a source of grave danger to health.
By polluting the ground-water, it eventually vitiates
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the well water which is nearly always derived from that
source,

The system of removal of excrementitious matters,
which any community will adopt, depends to a consid-
erable extent upon financial considerations. Although
the sanitarian must insist upon the pre-eminent import-
ance of the cause of public health, his suggestions
will receive little attention from municipal or state
legislatures unless they can be earried out without
involving the community too deeply in debt. For this
reason it is a matter of great practical importance that
the student of sanitary science should make himself
familiar with the relative cost as well as with the
hygienic significance of the various methods of sewage
removal in use.

The different systems in use for the removal of
sewage matters may be considered in detail under the
following five heads :

1. The common privy, or privy vault systems.

2. The Rochdale or pail system, and its modifi-
cations.

3. The earth or ash closet system.

4. The pneumatic system of Liernur.

5. The water carriage systems.

1. The Privy and . Privy-well systems.—While
from a sanitary point of view, privies of all kinds,
whether wells or cess-pits, are to be unreservedly con-
demned, it is not likely that they will cease to be
built for many years to come. It becomes necessary
therefore, to point out by what means the objections
against them may be diminished, and their evil conse-
quences, in some measure averted.

In the first place, a privy vault should be perfectly
water-tight, in order to prevent pollution of the sur-
rounding soil by transudation of the contained excre-
mental matters. The walls should be of hard-burned
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brick, laid in cement. The cavity should be small in
order that the contents may be frequently removed,
and not allowed to remain and putrefy for months or
years. A water-tight hogshead sunk in the ground
makes an economical privy tank or receiver. A privy
must not be dug in a cellar, or in too close proximity
to the house-walls. Unless these last precautions are
taken the offensive gases from the mass of decomposing
fecal matter in the privy will constantly ascend into,
and permeate the air of the house.

All privies should be ventilated by a pipe passing
from just under the privy seat to a height of some feet
above the roof of the house. A gasflame, kept burning
in the upper portion of this pipe will increase its ven-
tilating power, by creating a strong and constant up-
ward current.

Disinfection of the contents of privies may be
secured in a measure by means of sulphate of
iron, carbolic acid, or dry earth. The first named is
probably the most economieal, most easily applied and
most effective. A solution containing from one to two
pounds of the salt in a gallon of water, is poured into
the privy as often as necessary to prevent offensive
odors. This solution may be conveniently prepared by
suspending a basket or bag containing about 60 pounds
of the sulphate in a barrel of water. In this way a
saturated solution will be maintained until the salt has
been entirely dissolved.

The most rigid disinfection by ehemicals will how-
ever be less effective than thorough ventilation, for it
must be remembered that the mere destruction of an
offensive odor is not equivalent to removing all the
deleterious properties that may be present. It is not
at all certain that those elements of sewage which are
the most offensive to the sense of smell are most detri-
mental to health.
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Privies should be emptied of their contents at
stated intervals. A striet supervision should be
exercised over them by the munieipal authorities in
cities and towns to prevent overflowing of their con-
tents.

In many places the method of removing the
contents of privies is the primitive one with shovel, or
dipper and bucket. In most cities and large towns
however, the privy vaults or tanks are now emptied by
means of one of the so-called odorless excavating
machines, of which there are a number of different
patents. The process is rarely entirely odorless how-
ever, as the carelessness of the workmen frequently
permits offensive gases to escape and pollute the air for
a considerable distance. All the different forms of the
apparatus act upon the pneumatic principle. One end
of a large tube is carried into the cess-pool or vault to
be emptied, and the other attached to a pump, by means
of which the material is pumped into a strong barrel-
tank carried on wheels. At the top of the tank is a
vent, over which is placed a small charcoal furnace to-
- consume the foul gases escaping from the vent.

In some cities, and many of the smaller towns and
villages in this country, the primitive midden or pit
system is still in use. A shallow pit is dug in the
ground, over which is erected the privy. When the
pit is full, another is dug close by the side of it, and
the earth from the new pit thrown upon the excrement
in the old one. The privy is then moved over the new
pit and this is used until it too becomes full. The
proceeding is repeated as often as the pit becomes filled
up with the exereta, until in the course of a few years
all the available space in a yard has been honey-combed
with the pits. Then the custom adopted in over-
crowded cemeteries is followed ; namely, the first pit is
dug out again, and the cycle is repeated.
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In other cities the privy-well system is largely in
use. This is—next to the midden or shallow pit just
deseribed—the most pernicious system for the disposal
of excreta that can be imagined. The wells are dug to
such a depth as to reach the subferranean flow of water,
in which the excremental matters are constantly
carried off. Hence these receptacles never fill up, and
never need cleaning. For this reason they are popular
with property owners: for next to the primitive midden
“they are the most economical of all the wvarious
methods adopted. The utter perniciousness of the
system is however, plain, becanse the soil for a consid-
erable distance around each of these wells becomes a
mass of putrid filth, contaminating the ground-water
which feeds the drinking water supplies In the
vieinity ; polluting also the ground-air, which eventu-
ally reaches the surface, or the interior of houses, when
the pressure of the outside atmosphere diminishes, or
the ground-water level rises. It must therefore be
evident that the best ventilating arrangements, or the
most thorough and consistent disinfection can have
very little, if any, effect in removing the very grave
objections to this baneful system.

The privy-well system for the removal of execreta
cannot be recommended for adoption by any sanitarian.

2. The Rochdale, or Pail-closet System.—The Roch-
dale system of removal of excreta has won the support
of many distinguished sanitarians, on account of its
simplieity, its economy, and its compliance with most
sanitary requirements. The excreta, both solid and
liguid, are received into a water-tight pail, either of
wood or metal, and removed once or oftener a week; a
clean and disinfected pail being substituted for the one
removed. In Rochdale, Manchester and Glasgow in
Great Britain, in Heidelberg in Germany, and in other
cities abroad, where the system has been introduced, it
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has worked satisfactorily. In this country a modifica-
tion of the pail system known as the Eagle Sanitary
Closet, has been introduced by a firm in Charleston,
8. C. The receptacle consists of an enameled iron
reservoir, with a neck just large enough to fit under
the seat of the privy, and a quantity of disinfectant
solution is put into the receptacle, to prevent putrefac-
tion of the excreta. The receptacles are replaced by
clean ones every week.

Mr. Jas. T. Gardner, Director of the N. Y. State
Sanitary Survey, says in a special report on methods
of sewerage applicable in small towns and villages,
concerning the pail system :*

‘ Rochdale is a city of some 70,000, and Manches-
ter of between 400,000 and 500,000 irhabitants. The
higher class of houses are allowed to have water-closets,
but four-fifths of the people are obliged to have ‘‘pail
closets’’ in their yards built according to plans of the
Health Department. Their essential features are: A
flag-stone floor raised a few inches above the level of
the vard; a hinged seat with a metal rim underneath
for directing urine into the pail, which stands on the
flag directly beneath the seat; a hinged front and back
to the seat so that the pail or tub may be easily taken
out and the place cleaned; and a six-inch ventilating
pipe from under the seat to above the roof. In Roch-
dale they use a wooden pail or tub made of half of a
disused paraffine cask holding about 100 pounds; in
Manchester the ‘‘pail”” is of galvanized iron and
holds ten gallons. Under the direction of the author-
ities they are removed once a week in covered vans,
which bring clean tubs to be put in the place of the
full ones taken away. KEach tub is covered with a close
fitting double lid before removal. The tubs are taken
to a depot, where their contents are deodorised and pre-

“# gppond Annual Report of New York State Board of Health, p. 322-3.
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pared as manure by mixing with ashes and a small pro-
portion of gypsum to fix the ammonia. Subsequently
street sweepings and the refuse of slanghter-houses are
added. At Manchester there is by the side of each
closet a very simple ash sifter, from which the ashes
fall into the tub and help to deodorise its contents.

‘The manure at Rochdale sells for about four-fifths
of the cost of the collection and preparation.

‘In 1873 the net cost to the town of removing and
disposing of the house dry refuse and excrement was
only about %95 per annum per 1,000 of population; less
than ten cents a person per annum.

‘The system has been in operation more than
twelve years. )

fThe tubs are removed in the day time without
offensive odor.

“Where ashes are frequently thrown into the tubs
at Manchester, very little odor is to be perceived in the
closets.

‘For the villages of the State which can have no
general water supply, I would unhesitatingly advise
the use of the ‘““pail® or tub system as practised in
Manchester, England, as being, from a sanitary point
of view, an immense improvement over the death-
breeding privy-vawlts in common use. The cheapness
of the plan and the smallness of the original outlay of
brains and money, in comparison with that needed to
build a good sewer system, will make it possible to in-
troduce a tub-privy system into most villages half a
century before sewers would meet with any considera-
tion.

‘At a small cost the existing privy-vaults can be
cleaned and filled, and the privies altered into healthful
tub-closets. The town authorities must then arrange
for the removal of the tubs once a week, and for their
thorough cleansing and disinfecting. Any isolated
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house or group of houses can use the tub system, taking
care of it themselves. If the plan is adopted in vil-
lages, it will doubtless spread into the country, and
become the most powerful means of abolishing the fatal
privy-vaults which are poisoning the farm wells.’

3. Harth and Ash Closets.—The earth and ash
closets are devices in use to a large extent in England,
and to a less degree in this country, for the purpose of
rendering human execreta inodorous by covering them
immediately after they are voided with dry earth or
ashes. The earth-closet is the invention of the Rev.
Henry Moule, of England, and consists of an ordinary
commode or closet, the essential feature of which is a
reservoir containing dried earth or ashes, a quantity
of which, amounting to about twice the quantity of
feces voided, is thrown upon the evacuation either by
hand, or by means of an antomatic apparatus called a
‘chucker.” Just as in the ordinary water-closet, by
raising a handle a supply of water is thrown into the
hopper to wash down the feces into the soil-pipe, so in
the usual form of the earth-closet, raising the handle
projects a quantity of earth upan the evacunated feces
and urine. By this means the excreta are rendered
entirely inodorous and dry. The contents of the closets
may be collected into a heap in a dry place. In the
course of a few months the organiec constituents have
become oxidised and the earth may be used over again,
for a number of times. A well-known sanitarian states
that he has used sifted anthracite coal ashes ten or
twelve times over, in the course of three years. During
this time the material under no circumstances gave any
indication that it was ‘anything but ashes, with
a slight admixture of garden soil.”*

Dr. Buchanan, of England, comparing the advan-
tages of the earth-closet with those of the water-closet,

* Wamino ; The Sanitary Drainage of Houses and Townz, 2nd Ed., 1881, p. 250,
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says: ‘It is cheaper in original cost; it requires
less repairs; it is not injured by frost; it is not damaged
by improper substances being thrown down it; and it
very greafly reduces the quantity of water required by
each household.”*

In cities and towns, the removal of the exereta
should be carried out by, or under the immediate di-
rection of the municipal sanitary authorities. If this
is neglected, abuses are liable to creep in which will
vitiate the performance of any system however fault-
less if properly managed.

Many advocates of the pail, dry earth or privy-
systems, urge the advantage of the large quantity of
valuable manure which can be realised by converting
the excremental matters into poudrette and other ferti-
lising compounds. Experience has shown, however,
that the cost of preparing a satisfactory fertiliser from
human excrement is much greater than can be realised
from its sale. In all places in Great Britain and the
continent of Europe where it has been tried, the decision
is against its practicability. The agricultural consid-
eration should, however, be a secondary one, if the
systems mentioned are economical and meet the sani-
tary requirements (which the privy-system certainly
does not). The adoption of one, or other of them may
be secured, where more perfect, but more complicated
and expensive systems may be out of the guestion.

4. The Pneumatic System of Liernur.—A system
which seems to be useful in larger cities, especially
where the topographical conditions are such as to
render necessary mechanical aid in overcoming obsta-
cles to natural drainage, is the pneumatic system
devised by Capt. Liernur of Holland, and generally
known as the Liernur system. It consists of a set of
soil pipes running from the water-closets to central

* Quoted in Waring, above cited, p. 264,
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distriet reservairs, from which the air is exhausted at
stated intervals. When a vacuum is created in the
reservoir the contents of the water-closets and soil
pipes are driven forcibly into the reservoir by the
pressure of air. The distriet reservoirs are connected
by a separate system of pipes with a main depot and,
the transfer of the fecal matter from the former to
the latter is also accomplished with the aid of pneu-
matic pressure. The complete system of Liernur pro-
vides that at the main depot, the fecal matter shall be
treated with chemicals, evaporated, and converted into a
dry fertiliser—poudrette. It appears from the pub-
lished reports that while the system has been partially
adopted in three Duteh cities, in only one of them,
Dortrecht, has the machinery for manufacturing pou-
drette been established. With reference to this, Eris-
mann® says: ‘It seems never to have been in regular
working order, for the fecal masses are mixed with
street-sweepings and ashes into a compost-mass, which
causes no little discomfort in the neighborhood, by the
offensive odors. In Amsterdam, the fecal matters,
which frequently do not find a ready sale, are partly
made into a compost with sweepings, partly used to
fertilize meadows, or simply discharged into the water.

As to the practical working of the system, the
opinions differ widely. While the majority of sanita-
rians including Virchow, von Pettenkofer, and Mr.
Rawlinson, object to it as not fulfilling the demands of
hygiene, the system has also been criticised by engineers
as not being in accordance with the well-known prin-
ciples of their science.t

e

g

# Vox PETTENKOFER UxD ZigmssEx. Handbuch der Hygiene., IT Th. 11 Abth, 1
Hlfte. p. 140.

+ Papers by Mas. C. H. Latroee and Con. Geo. E. Wanixe, Jr., in Fifth Bien-
nial Report, Md. State Board of Health. See also, in favor of system, a paper by
De. O, W. CaaxceLLor in same publication and an elaborate description by the same
anthor In Trans. Med. and Chir. Faculty of Md., 1883,
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Two other plans for the removal of fecal matter
by pnenmatic pressure have been invented, namely the
Shone and the Berlier systems. Neither of these has
been adopted to any extent. Both seem to the author
to fall far short even of the merits of the Liernur
system.

5. The Waler-Carriage System of Sewerage.—Two
systems of removal of sewage by water-carriage are in
use at the present time. They are technieally known
as the ‘combined’ and the ‘separate’ systems. In the
former, which is the system upon which most of the
sewers in this country are constructed, all exereta,
kitehen slops, waste water from baths and mannfac-
turing establishments, as well as storm water are
carried off in the same conduits. In the separate sys-
tem, on the other hand, the removal of the storm water
1s provided for, either by surface or underground drains,
not connected with the sewers proper, in which only
the discharge from water-closets and the refuse water
from houses and factories are conveyed. In the sepa-
rate system, the pipes are of snch small calibre thart a
constant flow of their contents is maintained, prevent-
ing deposition of suspended matters, and diminishing
decomposition and the formation of sewer gas.

In the combined system, on the other hand, the
sewers must be made large enough to receive the maxi-
mum rainfall of the distriet. This requires a calibre
greatly in excess of the ordinary needs of the sewer,
and furnishes favorable conditions for the formation of
sewer gas, and the development of minute vegetable
organisms. The ordinary flow in a sewer of large cali-
bre is usually so sluggish as to promote the deposi-
tion of solid matters and gradual obstruction of the
sewer.

It is the opinion of the most advanced sanitarians,
that the separate system fulfils the demands of a
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rational system of sewerage better than any other at
present in use. The objections to the combined system
are so many and so great, that it does not seem advis-
able for sanitary authorities to recommend the construe-
tion of sewers on this principle in the future.

The separate system of sewerage endorsed as it is
by high engineering and sanitary authorities, and by a
satisfactory, practical test of four years in the city of
Memphis, seems to the author to possess merits above
any other plan for the removal of excreta and house
wastes. The following deseription is from a paper by
Col. George E. Waring, Jr.: ‘A perfeet system of
sanitary sewerage would be something like the follow-
ing: No sewer should be used of a smaller diameter
than six inches : @, because it will not be safe to adopt a
smaller size than four-inch for house drains, and the
sewer must be large enough to surely remove whatever
may be delivered by these: b, because a smaller pipe than
six-inch would be less readily ventilated than is desira-
ble: e, and because it 1s not necessary to adopt a
smaller radius than three inches to secure a cleansing
of the channel by reasonably copious flushing.

¢ No sewer should be more than six inches in diam-
eter until it and its branches have accumnlated a suffi-
cient flow at the hour of greatest use to fill this size
half full, because the use of a larger size would be
wasteful, and because when a sufficient ventilating
capacity is secured, as it is in the use of a six-inch
pipe, the ventilation becomes less complete as the size
increases—Ileaving a larger volume of contained air to
be moved by the friction of the current, or by extra-
neous influences, or to be acted upon by changes of
temperature, and of volume of flow within the sewer.

‘The size should be increased gradually and only
so rapidly as is made necessary by the filling of the
sewer half full at the hour of greatest flow.

T
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‘ Every point of the sewer should, by the use of
gaskets or otherwise, be protected against the least
intrusion of cement, which, in spite of the greatest
care, creates a ronghness that is liable to acenmulate
obstructions.

‘“The upper end of each branch sewer should be
provided with a Field’s tlush tank of sufficient capacity
to secure the thorough daily cleansing of so much of
the conduit as from its limited flow is liable to deposit
solid matters by the way.

‘There should be sufficient man-holes, covered by
open gratings, to admit air for ventilation. If the di-
rections already given are adhered to, man-holes will
not be necessary for cleansing. The use of the flush-
tank will be a safeguard against deposit. With the
system of ventilation about to be deseribed, it will suf-
fice to place the man-holes at intervals of not less than
1,000 feet.

‘For the complete ventilation of the sewers itshould
be made compulsory for every householder to make his
connexion without a trap, and to continue his soil-pipe
above the roof of his house. That is, every house con-
nexionshould furnish an uninterrupted ventilation chan-
nel four inches in diameter throughout its entire length.
This is directly the reverse of the system of connexion
that should be adopted in the case of storm-water and
street-wash sewers. These are foul, and the volume of
their contained air is too great to be thoroughly venti-
lated by such appliances. Their atmosphere contains
too much of the impure gases to make it prudent to
discharge it through house-drains and soil-pipes. With
the system of small pipes now described, the flushing
would be so constant and complete, and the amount of
ventilation furnished, as compared to volume of air to
be changed, wonld be so great, that what is popularly
known as ‘““sewer-gas’ would never exist in any part
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of the public drains. Even the gases produced in the
traps and pipes of the house itself would be amply
rectified, diluted, and removed by the constant move-
ment of air through the latter.

*All honse connexions with the sewers should be
through inlets entering in the direction of the flow,
and these inlets should be funnel-shaped so that their
flow may be delivered at the bottom of the sewer, and
so that they may withdraw the air from its crown; that
is, the vertical diameter of the inlet at its point of
junetion should be the same as the diameter of the
sewer,

*All changes of direction should be on gradual
curves, and, as a matter of course, the fall from the
head of each branch to the outlet should be continuous.
Reduction of grade within this limit, if considerable,
should alwavs be gradual.

‘So far as eircumstances will allow, the drains
should be brought together, and they should tinally dis-
charge through one or a few main ountlets.

‘The outlet, if water-locked, should have ample
means for the admission of fresh air. If open, the
mouth should be protected against the direet action of
the wind.

‘It will be seen that the system of sewerage here
deseribed is radieally different from the usual practice.
It is cleaner, is much more completely ventilated, and
is more exactly sunited to the work to be performed.
It obviates the filthy aceumulation of street manure in
catch-basins and sewers, and it discharges all that is
delivered to it at the peint of ultimate outlet outside
the town before decomposition can even begin. If
the discharge is of domestic sewage only, its solid mat-
ter will be consumed by fishes if it is delivered into a
water-course, and its dissolved material will be taken
up by aquatic vegetation.
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‘The limited quantity and the uniform volume of
the sewage, together with the absence of dilution by
rain-fall, will make its dispesal by agricultural or
ehemical processes easy and reliable.

‘The cost of construction, as compared with that
of the most restricted storm-water sewers, will be so
small as to bring the improvement within the reach of
the smaller communities.

‘In other words, while the system is the best for
large cities, it is the only one that can be afforded in
the case of small towns:

‘Circnmstances are occasionally such as to require
extensive engineering works for the removal of storm-
water through very deep channels. Ordinarily, the
removal of storm-water is a very simple matter, if we
will accept the fact that it is best carried, so far as
possible, by surface gutters, or, in certain cases by
special conduits, placed near the surface.

‘It is often necessary, in addition to the removal
of house waste, to provide for the drainage of the sub-
soll. This should not be effected by open joints in the
sewers; because the same opening that admits soil-
water may, in dry seasons, and porous soils, permit
the escape of sewage matters into the ground, which is
always objectionable.

‘Soil-water drains may be laid in the same trench
with the sewers, but preferably, unless they have an
independent outlet, on a shelf ata higher level. When
they discharge into the sewer, they should always de-
liver into its uppper part, or into a man-hole at a point
above the flow-line of the sewage.'*

The establishment of a system of sewerage pre-
supposes a constant and abundant supply of water to
keep all closets clean, and all house-drains and street
sewers well flushed. Where this cannot be obtained,

* Wanixg: The i;'.-'-uéwerin.': and Drainage of Cities. E_"I:Iiﬂi{:- I{e_.-:l.ﬂ.n, Yol. V.. p. 8.
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sewers would be likely to prove greater evils than ben-
efits. In such cases one of the methods of removal of
excreta above mentioned, either the pail or earth-closet
system should be adopted.

The final disposal of sewage is a problem that de-
pends for its solution partly upon the agricultural
needs of the country around the city to be sewered,
partly upon the proximity of large bodies of water or
running streams. When the city is situated upon, or
near large and swiftly flowing streams, the sewage
may be emptied directly into the stream without se-
riously impairing the purity of the latter. Dilution,
deposition and oxidation will soon remove all appre-
ciable traces of the sewage of even the largest cities.
Where, on the other hand, the stream is inadequate in
size to carry off the sewage, or where, as in the Seine
and Thames, the eurrent is sluggish, some other method
of final disposal must be adopted.

In many cities of Great Britain and the continent
of Europe the disposal of the sewage by irrigation of
cultivated land has been practised for a number of
yvears. The reports upon the working of the system are
generally favorable, although some sanitarians express
doubts of the efficiency of the system. In using sewage
for the irrigation of land, two objects are secured, first,
the fertilisation of the land by the manurial constitu-
ents of the sewage, and second, the purification of the
lignid portion by filtration throngh the soil. The or-
ganic matters which have been held back by the soil
nndergo rapid oxidation in the presence of air and the
bacteria of decay, and are converted into plant-food,
or into harmless componnds.

Sewage irrigation as practised in Eunrope, must
malke provision for the disposal of a very large proportion
of water in the sewage (street-wash, storm-water) which
requiresmuch largerareasof land than wonld be needed if
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only sewage material proper (water-closet and Kkitchen
waste) was to be thus disposed of. In this country a
practical experiment has recently been made with a
well eonstructed separate system of sewerage, deliver-
ing only the sewage materials above mentioned upon
the irrigation area.™ The success of the experiment is
said to be exceedingly satisfactory.

All land used for sewage irrigation should be
drained wiih drain tile at a depth of three to six feet
below the surface, in order to promote a rapid carry-
ing off of the watery portion of the sewage, purified by
filtration through the soil. A sandy loam is the best
soil for irrigation. Clay is not sufficiently permeable
to air and water, while pure sand allows the sewage to
pass through too readily, before the organic matters in
it have been sufficiently oxidised.

It has been shown that the roots of plants assist
largely in the oxidation of organic matter.

The entire process of collecting and finally dispos-
ing of sewage matters from the moment they are
received in the house receptacles until discharged into
the swiftly flowing stream or on the sewage farm, should
be void of offense to the senses of sight or smell.
With a proper construction and management of sewer-
age works, on the lines indicated in this chapter, it is
believed these results can be attained.

[ The following works give fuller details upon the
matters treated in the two foregoing chapters:

ErmsmMany: Entfernung der Abfallstoffe.  Hdbeh d. Hygiene, ete. II Th.
1. Abth. I. Hlfte. C. F. Forson. The Disposal of Sewage, Seventh Rep't
Mass. State Board of Health | 1876, p. 276. Sovka : Stidte-reinigung, in
Realencyclopedie d. ges. Heilk. Bd. XIIL, p. 14, et. seq. W. H. Forp.
Soil and Water, in Buck's Hygiene and Public Bealth, Vol. 1. PeTTENKO-
FER: The SBanitary Relations of 'the oil. Pop. Sci. Monthly, Vol, XX, p-
332, 468.] :

* Pollman from a State Medicine Point of View. By 0. C. Dz Worr, M. ). Pub-
lic Health, Vol. IX., p. 290,



CHAPTER VI
CONSTRUCTION OF HABITATIONS.

Tunr importance of observing the principles of
hygiene in the construction of habitations for human
beings is not sufficiently appreciated by the publie.
Architects and builders themselves have not kept pace
with the sanitarian, in the study of the conditions
necessary to be observed in building a dwelling house
which shall answer the requirements of sanitary science.

In an investigation conducted by Dr. Villermé#
it was found that in France, from 1821-1827, of the
inhabitants of arrondissements containing 7 per cent.
of badly constructed dwellings, one person out of every
seventy-two died. Of inhabitants of arrondissements
containing 22 per cent. of badly constructed dwellings,
one out of sixty-five died, while of the inhabitants of
arrondissements containing 38 per cent. of badly con-
structed dwellings, one out of every forty-five died.

Inseparable from the question of the defective con-
struction of dwellings, is that of overcrowding in cities,
because the most erowded portions of a eity are at the
same time those in which the construction of dwellings
is most defective from a hygienie standpoint. The
following tables show the relations of the death-rate to
density of population in various large cities of Europe;
and also the relations between overcrowding in dwell-

ings and the mortality from contagious diseases:
Relation of Death-rale o Density of Population,

HEAN NUNMEBER OF AVERAGE DEATH-RATE

CITY. INHABITANTS PER 1,(MM}
T BACH HOUSE. INHABITANT=.
London, - - - b 24
Berlin, - - - 32 25
Paris, - . = . bt 28
St. Petersburg, - - 52 41
Vienna. - - - i 47

* Qnoted in Realencyelopedia d. ge=. Heillk, Bd. 11., 71.
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In Berlin in 1872-3 it was found that out of every
one hundred deaths from all causes, there were from
contagious diseases: :

20 Deathsz in Dwellings with 1-2 Perzons in eac h | £4 1-|~|1'|

2\5. (19 (1% (1! b .:_ bk Ly
32_ b ik 4k (1 h_ll" i ii i ki
79 ic 15 i “‘.'t!h OVer '“] 1 LA [} ah

These figures show very clearly the vital importance
of the application of sanitary laws in the construetion
of dwellings.

Another curions and suggestive point is presented
by some statistical researches on the mortality of Ber-
lin, in regard to the death-rate among persons living in
dlfferent- stories of houses. It was found, for example,
that the mortality in fourth-story dwellings is higher
than in the lower stories. KEven basement-dwellings
furnish a lower death-rate. Still-births especially, oc-
cur in a larger proportion among the oceupants of the
upper stories of houses.

It is in the death-rate among young children, that
the effects of overcrowding and unsanitary construe-
tion of dwellings, are especially manifest. The mor-
tality returns from all the large ecities of the world
give mournful evidences of this every summer.

The researches of Dr. H. 1. Bowditeh upon_soil-
wetness, to which reference has already been made in
a previous chapter, show econclusively that persons
living in houses situated upon or near land habitually
or excessively wet, are especially prone to be attacked
by pulmonary consumption. Dr. Buchanan® has cor-
roborated the truth of Dr. Bowditeh’s observations i};-r
showing from the records of a number of cities and
towns of Great Britain that with the introduction of a
good drainage system, bringing about a depression and
uniformity of level of the ground-water, the mortality
from consumption and other diseases very mar kedly

* Ninth and Tenth H.L ;lurh of the Medical Officer to the Privy Couneil,
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diminished. The following table showing the propor-
tionate amount of this diminution, is abridged from
the official reports:®

Resulte of Sanilary Work.

AVERAGE AVERAGE REDUCTION REDUCTION
HAME POPULATION MORTALITT  MORTALITY SAVING oF 1N
OF (§: rER 1IN0 FER 1,000 oE TYEHOI LATE

PLACE. 1841, BREFORE BNCE LIPE. FEVERL OF

CONATRUCTION COMPLETION PER CT. RATE. PHTHISIR.

OF WORKS. OF WORKS, PER CT. FER CT.
Banbury, - 10,238 25.4 an.s 121 45 41
Cardiff, - 32,954 33.2 22.6 32 40 17
Lm_vdnn - 30229 2a 15.6 o G 1
Dover, - 23,108 296 20.9 it} 36 20
El_'!n - - 7547 23.9 205 14 o 47
Leicester, - 68,056 26.4 25.2 44 45 42
Maceclesfield, 27475 205 23.7 a0 45 31
Merihyr, - a_,'? 8 332 P e 13 (30 11
Newport, - 24,756 31.8 21.6 32 a0 432
Rugby, - ’F,SIH 19.1 18.6 Per 10 43
Salisbury, - 89,0530 7.5 21.9 20 5 44
Warwick, - 10,570 22.5 21.0 T 02 19

The following points must be taken into account in
building a house in accordance with sanitary principles:

I.—5ITE.

The building site should be protected against vio-
lent winds, although a free circulation of air all around
the house must be secured. Close proximity to ceme-
teries, marshes, and injurious manufacturing establish-
ments, or industries, must be avoided, if possible. A
requisite of the highest importance is the ability to
command an abundant supply of pure water for drink-

ng, and other purposes. A meglect of this precaution
will be sure to result to the serious inconvenience, if
not detriment of the occupants of the house.

II.CHARACTER OF THE SOIL.

The soil should be porous and free from decom-
posing animal or vegetable remains, or excreta of man
or animals. It should be freely permeable to air and
water, and the highest level of the ground-water shonld
never approach nearer than fen feet to the *-.lll'f{i{‘P

L BLLD"H’I‘- LATHAM : !:.umta.r:r I'.n;:meerm" Chicago, 1577, p 2.
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The fluctuations of the ground-water level should be
limited. In this connexion, attention is again called
to the aphorism of Dr. De Chaumont.*

It is impossible to say positively that any kind of
soil is either healthy or unhealthy, merely from a
knowledge of its geological characters. The accidental
modifying conditions above referred to, viz: organic
impurities, moisture, the level and fluctunations of the
ground-water are of much greater importance than
mere geological formation. The late Dr. Parkes, how-
ever, regarded the geological structure and conforma-
tion as of no little importance, and summarized the
sanitary relations of soils variously constituted, as
follows :+

‘1. The Grawitic, Melamorplic, and Trap Rocks.—
Sites on these formations are usually healthy; the slope
1s great, water runs off readily; the air is compara-
tively dry; vegetation is mnot excessive; marshes and
malaria are comparatively infrequent, and few impuri-
ties pass into the drinking water.

*When these rocks have been weathered and disin-
tegrated, they are supposed to be unhealthy. Such soil
1s absorbent of water; and the disintegrated granite of
Hong Kong is said to be rapidly permeated by a fun-
gus; but evidence as to the effect of disintegrated gran-
ite or trap is really wanting.

‘In Brazil the syenite becomes coated with a dark
substance, and looks like plumbago, and the Indians
believe this gives rise to ‘‘calentura,’”” or fevers. The
dark granitoid, or metamorphiec trap, or hornblendic
rocks in Mysore, are also said to cause periodic fevers;
and iron hornblende especially was aflirmed by Dr.
Heyne, of Madras, to be dangerous in this respect.
But the observations of Richter on similar rocks in

¥ Chapter IV., p. 97.
t Practical Hyglene, 6th Ed.. Vol 1., p. 330,
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Saxony, and the fact that stations on the lower spurs
of the Himalayas on such rocks are quite healthy, neg-
ative Heyne’s opinion.

‘2. The Clay Slate.—These rocks precisely resem-
ble the granite and granitoid formations in their effect
on health. They have usually much slope; are very
impermeable; vegetation is scanty, and nothing is added
to air or drinking-water.

‘They are consequently healthy. Water, however,
is often scarce, and as to the granite distriets, there
are swollen brooks during rain, and dry water courses
at other times swelling rapidly after rains.

‘3. The ' Limestone, and Magnesion Limestone
focks.—These so far resemble the former, that there is
a good deal of slope, and rapid passing off of water.
Marshes, however, are more common, and may exist at
great heights. In that case, the marsh is probably fed
with water from some of the large cavities, which, in
the course of ages become hollowed out in the limestone
rocks by the carbonic acid in the rain, and form reser-
voirs of water.

“The drinking water is hard, sparkling and clear.
Of the various kinds of limestone, the hard oolite is
best, and magnesian is worst; and it 1s desirable not to
put stations on magnesian limestone if it can be avoided.

‘4. The Chalk.—The chalk, when mixed with clay,
and permeable, forms a very healthy soil. The air is
pure, and the water, though charged with calcium car-
bonate, is clear, sparkling, and pleasant. Goitre is not
nearly so common, nor apparently caleulus, as in the
limestone districts.

‘If the chalk be marly, it becomes impermeable,
and is then often damp and cold. The lower parts of
the chalk which are underlaid by gault elay, and which
also receive the drainage of the parts above, are often
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very malarious; and in America, some of the most
marshy distriets are in the chalk.

‘6. The Sondstones.—The permeable sandstones
are very healthy: both soil and air are dry; the drink-
ing water is. however, sometimes impure. If the sand
be mixed with much clay, or if elay underlies a shallow
sand-rock, the site is sometimes damp.

“The hard millstone grit formations are very
healthy, and their conditions resemble those of granite.

‘6. Grarvels of any depth are always healthy,except
when they are much below the general surface, and
water rises through them. Gravel hillocks are the
healthiest of all sites, and the water, which often flows
out in springs near the base, being held up by the un-
derlying clay, is very pure.

‘7. Sands.—There are both healthy and unhealthy
sands. The healthy are the pure sands, which contain
no organic matter, and are of considerable depth. The
air is pure, and so is often the drinking-water. Some-
times the drinking-water contains enough iron to be-
come hard, and even chalybeate. The unhealthy sands
are those which, like the subsoil of the Landes, in
southwest France, are composed of silicious particles
(and some iron), held together by a vegetable sediment.

‘In other cases sand is unhealthy, from underlying
clay or laterite near the surface, or from being so placed
that water rises through its permeable soil from higher
levels. Water may then be found within three or four
feet of the surface; and in this case the sand is un-
healthy, and often malarious. Impurities are retained
in it, and effluvia traverse it.

‘In a third class of cases, the sands are unhealthy be-

ause they contain soluble mineral matter. Manysands
(as, for example, in the Punjab) contain magnesinum car-
bonate and lime salts, as well as salts of the alkalies.
The drinking-water may thus contain large quantities
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of sodinm chloride, sodinm earbonate. and even lime
and magnesian salts and iron. Without examination
of the water, it is impossible to detect these points.

‘8. Clay, Dense Marls, and Allnvial Soils gener-
ally.—These are always regarded with suspicion.
Water neither runs off nor runs through: the air is
moist; marshes are common; the eomposition of the
water varies, but it is often impure with lime and soda
salts. In alluvial soils there are often alterations of
thin strata of sand, and sandy, impermeable clay.
Much vegetable matter is often mixed with this, and
air and water are both impure.

The deltas of great rivers present these alluvial
characters in the highest degree, and should not be
chosen for sites. 1If they must be taken, only the most
thorough drainage can make them healthy. It is
astonishing, however, what good ecan be effected by
the drainage of even a small area, quite insufficient to
affect the general atmosphere of the place; this shows
that it is the local dampness and the effluvia which are
the most hurtful.

‘9. Cultivated Soils.—Well-cultivated soils are
often healthy, nor at present has it been proved that
the use of manure is hurtful. Irrigated lands, and
especially rice fields, which not only give a great surface
for evaporation, but also send up organic matter into
the air, are hurtful. In Northern Italy, where there
is a very perfect system of irrigation, the rice grounds
are ordered to be kept 14 kilometers (8.7 miles) from
the chief cities. 9 kilometers (5.6 miles) from the lesser
cities and the forts, and 1 kilometer (1.094 yards) from
the smaller towns. In the rice countries of India (and
America), this point should not be overlooked.’

Where a wet, impermeable, or impure soil must,
of necessity, be chosen as a building site, it should be
thoroughly drained. The minimum depth at which
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drains ave laid should be not less than five feet below
the floor of the cellar or basement. Such a soil should
be covered with a thick impervious layer of asphaltum
or similar cement under the house, in order to prevent
the aspiration of the polluted ground-air into the
building. :

It is a frequent custom in eities to fill in irregular-
ities of the building-site with street-sweepings, and
garbage, which always contain large quantities of de-
composing organic matters. This is a gross violation
of the plainest principles of hygiene. It is almost
equally reprehensible to use such decaying or putrefy-
ing organic material for the purpose of grading streets
or sidewalks in cities and towns.* It should be the
constant endeavor of all sanitary authorities to prevent
pollution of the soil as much as possible in villages,
towns and cities.

Where houses are built on the deelivity of a hill,
the upper wall should not be built directly against the
ground, as it would tend to keep the wall damp. A
vacant space should be left between the wall and the
ground to permit free access of air and light.

In addition to, or in defanlt of drainage, the dry-
ing of soil can be promoted by rapidly growing plants,
which absorb water from the soil and give it out to the
air. The sunflower and the eucalyptus tree are the
most available for this purpose.

ITTI.—THE MATERIAL OF WHICH THE HOUSE I8 BUILT.

Thenature of the most appropriatebuilding material
depends npon so many collateral circumstances, that

* During the very fatal epidemic of yvellow fever in New Orleans in 1878, it was
ascertained that a contractor for street-work nsed the garbage and street-scrapings
to grade the bed of the streets. Even though in this case it may not have intensified
the epidemic in these localities, the practice is so contrary to the simplest samitary
laws, that it shonld nowhere be tolerated. The author is aware, however, that the
‘made ground’ of nearly every city in this country is composed largely of just such
material. All sanitarians should protest against a continuance of this pernicious
practice.
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definite rules cannot be laid down. As a general rule,
moderately hard-burned brick is the most serviceable
and available material. It is easily permeable by the
air, and so permits natural ventilation through the
walls, unless this is prevented by other means. It does
not absorb and hold water readily, hence, damp walls
are infrequent, if brick is nused. It is probably of all
building material the most durable. On account of its
porosity, a brick wall is a poor conductor of heat. It
therefore prevents the rapid cooling of a room in cold
weather, and likewise retards the heating of the inside
alr from without, in summer. Another very great
advantage, is its resistance to a very high degree of
heat, brick being probably more nearly fire-proof, than
any other building material.

In hot climates, light wooden buildings are advan-
tageous, because they cool off very rapidly after the
sun has disappeared. On account of the numerous
joints and fissures in a frame building, natural ventila-
tion goes on very readily and to a considerable extent.

Next to brick, granite, marble and sandstone are
the most serviceable building materials. Very porous
sandstone is, however, not very durable in eold elimates,
as the stone absorbs large quantities of water, which
in consequence of the expansion accompanying the act
of freezing, prodnees a gradual but progressive disin-
tegration.

The application of paint to the walls, either within
or without, almost completely checks the transpiration
of air through the walls, thus limiting natural ventila-
tion. Calcimining, on the other hand, offers very
little obstruction to the passage of air. Wall-paper is
about mid-way between paint and lime coating in its
obstructive effect on atmospherie transpiration.

Newly-built houses should not be occupied until
the walls have become dry. Moisture in the walls is
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probably a not infrequent source of ill-health ; it offers
favorable conditions for the development of fungi
( possibly of disease-germs), and, by filling up the pores
of the material of which the walls are composed, pre-
vents the free transpiration of air through them.

Moisture of the walls is sometimes dune to ascent
of the water from the soil by capillary attraetion.
This can be prevented by interposing an impervious
layer of slate in the foundation wall.

Where the moisture is due to the rain beating
against the outside walls and thus saturating them if
composed of porous materials, a thorongh external
coating of impervious paint will prove a good remedy.

[V.—INTERIOR ARRANGEMENTS.

A. Size of Rooms, and Ventilating ond Healing
Arrvangements.—The rooms in dwelling-houses should
never be under eight feet in height from floor to ceiling.
In sleeping rooms, the initial air-space should never be
less than 1,200 cubic feet for adults, and 800-900 cubic
feet for children under ten years of age. Provision
must be made for changing this air sufficiently often to
maintain it at its standard of purity; 7. e., less than
seven parts of carbonic acid per 10,000. The details
for accomplishing this will vary with the architects’
designs, the material of which the house is constructed,
the climate, and the season. The prineciples laid down
in the section on ventilation, (Chap. I) should be
adhered to. In cold weather, the air should be warmed
either before its entrance into the room, or afterward
by stove or fireplace. The details of the heating appa-
ratus must be left to individual taste, or other circum-
stances. It may be noted, however, in passing, that
the prevailing method of heating houses by means of
hot air is objectionable for various reasons; partly,
because the air is usnally too dry to be comfortable to
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the respiratory organs; partly, because organic matter
is frequently present in large proportions, and gives
the air an offensive odor when the degree of heat is
high enough to scorch the organie matter. Both these
objections are however, removable ; the first by keeping
a vessel of water constantly in the furnace, so that the
hot air can take up a sufficient proportion of vapor in
passing through, and the second by having the furnace
made large enough so that the temperature need never
be raised to a very high degree,

B. Imternal Wall Coating.—A point of consider-
able importance in the out-fitting of dwelling-houses is
the material used for coating or decorating the inside
of the walls. Gureen paint, or green-colored wall papers
should be rejected. The reason for avoiding this color
is the following. Bright-green pigments and dyes are
largely composed of some compound of arsenie, which
becomes detached from the wall or paper when dry,
and being inhaled producesa train of symptoms, which
have been recognized. as chronic arseniecal poisoning.
Many cases have been reported in which serious and
even fatal poisoning has been produced in this way.*
It would be advisable, therefore, to discard all bright-
green tints in paints and ornamental paper hangings.

C. Lighting.—Provision should be made, in all
dwelling-houses for an abundant supply of sun-light.
Every room should have at least one window opening
directly to the sun. It is not sufficient to give an
ample window-space, which should be in the proportion
of one to five or six of Hloor space, but the immediate
surroundings of the house must be taken into account.
Thus, close proximity of other buildings, or of trees
may prevent sufficient light entering a room, although
the window-space may be In excess of that required
under ordinary circumstances.

e e —— rr=ewe=

# P W. DrarEr: Arsenic in Certain Green Colors. Third Annual Rep't Mass,
State Board of Health, 1872, p. 18-57.
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Some form of artificial light will also be needed in
all dwellings. Certain dangers are necessary accom-
paniments of all available methods of artificial illumi-
nation. The danger from fire, is, of course, the most
serious. This danger is probably least where candles
are used, and greatest where the more volatile oils
( kerosene, gasoline, ) are employed. The use of candles
resilts in pollution of the air by carbonie acid and other
products of combustion to a greater degree than when
other illuminating agents are used; they also give out a
larger amountof heat in proportion to their powerof illu-
mination. Kerosene gives a good light, when burned in
a proper lamp, and is cheap, but the dangers from
explosion and fire are considerable. The danger from
explosion can be greatly reduced by always keeping
the lamp filled nearly to the top, and never filling it
near a light or fire. The danger of explosion is in-
ereased when the chimney of the lamp is broken, as
then the temperature of the metal collar by which the
burner is fastened to the lamp is rapidly raised,* and
the oil vaporized. If at the same time the lamp is only
partially filled with oil, the space above it is occupied
by an explosive mixture of air and the vapor of the
oil. If thisis heated to a sufficient degree, an explosion
will take place.t

The use of coal-gas is probably attended by less
danger than the lighter oils, but by more than other
means of illumination. In addition to the dangers
from fire and explosions, which are inevitable accompa-
niments of defects in the fixtures, the esecaping gas is
itself exceedingly poisonons from the large amount of
carbonie oxide it contains. Ifis, infact, a very frequent
occurrence, in large cities, that persons arve killed by

e — e —

* H. B. Bager, in Rep't Mich. State Board of Health. 1876. p. XLVIIL

+ See an instroctive paper by Prof. R. C. Kepzie in Rep’t Mich. State Board of
Health for 1877, p. 71, et. seq.
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the inhalation of gas which has escaped from the fix-
tures, or was allowed to escape from the burner, through
ignorance.

The electrie light (Edison’s incandescent system) is
probably open to less objection on the score of danger,
than any other of the illuminating systems mentioned.
There is no reliable evidence that the electric light has
any unfavorable influence on the vision, although Reg-
nault supposed it would have a bad effect npon the
ocular hmmors, on aceount of the large proportion of
the violet and ultra-violet rays it contained. In order
to remove this objection. Bouchardat advised the wear-
ing of yellow glasses by those compelled to use this
licht for elose work. The advantages of the incandes-
cent light, beside the brilliant white light it gives, are
that it is steady, and does not produce any heat, nor
does it pollute the air with carbonic aeid and other
products of combustion. Prof. von Pettenkofer has
recently shown experimentally that the pollution of
the air by the produets of combustion is very much
creater when gas is used than where the electrie light
iz employed.

In writing, sewing. reading or other work requir-
ing a constant use of aceurate vision, the light, whether
natural or artiticial, should fall upon the object from
above and on the left side. Henece, windows and bur-
ners should be, at least, at the height of the shoulder
and to the left of the person using the light.

Increased ventilation facilities must be provided
where artificial light (except the electric light) is used
to any extent. It has been calculated that for every
lighted gas-burner, 400-500 cubie feet of fresh air per
honr must be furnished in addition to the amount or-
dinarily required, in order to lmlilli’i}ill the air of the
room at the standard of pnrity.
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V.—WATER SUPPLY.

The water supply of a dwelling house should be
plentiful for all requirements, and its distribution
should be so arranged that the supply for every room
is easily accessible. Where practicable, water taps
should be placed on every tloor, both for convenience,
and for greater safety in case of fire. It is also a result
of observation that personal habits of cleanliness in-
crease in a direct ratio with the ease of obtaining the
cleansing agent. The inmates of a house where water
is obtainable with little exertion, are much more likely
to be cleanly in habits, than where the water supply is
deficient, or not readily procured. .

NIL.—HOLUSE DREATNAGIE.

Provision must be made for the rapid and thorough
removal of waste water and excrementitious substances
from the house. This. is most easily and completely
accomplished by well-constructed water-closets and
sinks. Water-closets should, however, not be tolerated
in any room occupied as a living or bed-room. It would
doubtless be very much more in accordance with sani-
tary requirements to have all permanent water-fixtures,
water-closets and bathing arrangements placed in an
annex to the dwelling proper. In this way, the most
serious danger from water-closets and all arrangements
having a connexion with a cess-pool, or common sewer
—permeation of the house by sewer-air—could be
avoided.

Water-closets, however, presuppose an abundant
supply of water. Unless this can be obtained and
rendered available for flushing the closets, soil-pipe
and house-drain, the dry-earth or pail system should
be adopted. Privies should not be countenanced. Fx-
perience in several large cities of Europe has demon-
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strated® that the pail system ean be adopted with ad-
rantage, and satisfactorily managed even in large com-
munities.

As honse drainage may be considered the first
and most important link in a good sewerage system, a
brief description will be-here given of the details of
the drainage arrangements of a dwelling house. The
rapid and complete removal of all fecal and urinary dis-
charges, lavatory and bath-wastes and kitchen slops
must be provided for. For these purposes are needed,
first, water-closets and urinals, wash-basins and bath-
tubs, and kitchen or slop-sinks: second, a perpendicu-
lar pipe, with which the foregoing are connected, termed
the soil-pipe, and #kird, a horizontal pipe or house-
drain, connecting with the common cess-pool or sewer.

A. Water-Closets.—There are five classes of water-
closets in general use. They are the pan, valve, plun-
ger, hopper and washout closets.

Pan closets are those found.in most old honses con-
taining water-closet fixtures. Just under the bowl of
the closet is a shallow pan containing a little water, in
which the dejections are received. On raising the han-
dle of the closet, the pan is tilted, and the water at the
same time is turned on, which washes out the exere-
ment and sends it into or through the trap between the
closet and the soil-pipe. It will be readily understood
that the space required for the movement of the pan,
the ‘container’ as it is termed, is rarely thoroughly
cleansed by the passage of water through it. Feeal
matter, paper, ete., gradually accumulates in the cor-
ners of the container, and as a consequence, pan closets
are always, after a brief period of use, fonl. There are
other defects in the construction of the pan closet,
which renders it nuntrustworthy, but the one especially
pointed out—the impossibility of keeping it clean—is

* See Chapter V., p. 107,
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enough to absolutely condemn its use, from a sanitary
point of view. It is decidedly the worst form of closet
that can be used.

Valve closets are merely modifications of the pan
closet. The bottom of the bowl is closed by a flat
valve, which is held in its place by a weight. By
moving a lever the valve is turned down allowing the
excreta to drop into the container. The only differences
between the pan and valve closets are that in the latter
a flat valve is substituted for the pan of the former,
and that this allows the container to be made smaller.
Otherwise, there are no advantages in the valve closet.
Considered from a sanitary standpoint, the valve closet
is no worse than the pan closet, and but very little, if
any, better.

The third variety, or plunger closet, has several
marked advantages over the two just deseribed. The
characteristic feature of the closets of this class is that
the outlet, which is generally on one side of the bowl,
is closed by a plunger. This bowl is always from one-
third to half full of water, into which the excreta fall.
On raising the plunger, the entire contents of the bowl
are rapidly swept out of the apparatus into the soil-
pipe, the bowl thoroughly washed out by a sudden dis-
charge of water, and on closing the outlet with the
plunger, the bowl is again partly filled with water.
An overflow attachment prevents aceumulation of too
large a quantity of waterin the bowl. The Jennings,
Demarest, and Hygeia, are types of this elass. The
prineipal objection is that the plunger sometimes fails
to properly close the outlet, allowing the water to drain
out of the bowl, and thuns destroying one of its prin-
cipal advantages. The mechanism is also somewhat
complicated and likely to get out of order.

The hopper closet consists of a deep earthenware
or enameled iron bowl, with a water-seal trap directly
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nunderneath. The excreta are received directly into
the proximal end of the trap, and when the water is
turned on, the sides of the howl are washed clean and
everything in the bowl and trap swept directly into the
soil-pipe. There is no complicated mechanism to get
out of order, the trap is always in sight and the entire
apparatus can always be kept clean and inoffensive, as
there are no hidden corners or angles for filth to lodge.
This form of closet is, probably, all things considered,
the best for general use.

The *wash-out’ elosets are of various shapes, some
having the trap in the bowl itself, others having a
double water trap. They are generally simple in con-
struction, and not likely to get out of order They do not
present any decided advantages over the simple hopper.

Water-closets should not be enclosed in wooden
casings as is almost universally done. Everything
connected with the ecloset, soil and drain-pipes and
water supply. all joints and fixtnres should be exposed
to view so that defects can be immediately seen and
easily corrected By laying the floor and back of the
closet in tiles or cement, such an arrangement can even
be made ornamental, as suggested by Waring,* who says
that a closet *made of white earthenware, and stand-
ing as a white vase in a floor of white tiles, the back
and side-walls being similarly tiled, there being no
mechanism of any kind under the seat, is not only
most cleanly and attractive in appearance, but entirely
open to inspection and ventilation. The seat for this
closet is simply a well-finished hard wood board, resting
on cleats a little higher than the top of the vase, and
hinged so that it may be conveniently turned up, ex-
posing the closet for thorough cleansing, or for use as a
urinal or slop-hopper.’

* sanitary Condition of New York City., Seribner’s Monthly, Vol. XXIT., No. 2,
June, 1851,
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Where the arrangement here deseribed is adopted,
extra urinals are unnecessary, and undesirable. Where
they are used they should be constantly and freely
flushed with water, otherwise, they become very offen-
sive. The floor of the urinal should be either of tiling
or enameled iron.

B. Water Supply for Closels.—The water supply
for flushing water-closets should not be taken directly
from the common house water supply, but each closet
should have an independent cistern large enough to
hold a sufficient guantity of water for a thorough
Hushing (four to six gallons) every time the closet is
used. The objections to conneeting the water closet
directly with the common house supply are, that there
is often too little head of water to properly flush the
basin, and secondly, if the water be drawn from a fix-
ture in the lower part of the house, while the valve of
a water-closet in an upper floor is open at the same
time, the water will not low in the latter (unless the
supply pipe is very large), but the foul air from the
closet will enter the water pipe, and may thus produce
dangerous fouling of the drinking water. Hence, sep-
arate cisterns for each water-closet should always be
1nsisted upon. ;

(. Traps.—Every water-closet, urinal, wash-basin,
bath tub and kitchen sink should have an appropriate
trap between the fixture and the soil-pipe. The trap
shonld be placed as near the fixture as practicable: as
pointed out above, in the best forms of water-closet the
bottom of the closet itself forms part of the trap.

Traps differ in shape and mechanism. The sim-
plest and most efficient are the ordinary ) or half-0D
traps. These traps are of uniform diameter throughout
and have no angles for the lodgment of filth. A free
flush of water cleanses them perfectly, and they rarely
fail to furnish a sufficient obstruetion to the passage of
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sewer air through them from the soil-pipe. unless the
water has evaporated, or been foreed out under a back-
pressure of air in the soil-pipe, or been siphoned out.
and thus the seal broken.

The D trap and bottle trap are objectionable on
account of the great liability of becoming fouled, by
- filth lodging in the corners, while in the mechanical
traps, like Bowers' ball-valve trap, Cudell’s trap and
others of this class, there is always danger of insuffi-
cient seal, by filth adhering to the valve, and thus pre-
venting its exact closure.

Most of the traps now furnished by the dealers in
plumber’s supplies, have an opening in the highest part
for attaching a vent-pipe. It has been found that the
seal in most traps can be broken by siphonage, if the
pressure of air on the distal side (the side toward the
soil-pipe) of the trap is diminished, or, on the other
hand, by inerease of pressure in the soil-pipe the water
in the trap may be forced back into the fixture and
thus sewer air enter the room. By providing for a free
entrance and exit of air to the trap this breaking of
the seal can be prevented. The ventilation of traps ean
however, be dispensed with, if the soil-pipe is of a
proper diameter and extended through the roof. The
elaborate extra system of ventilation of traps, so gen-
erally insisted npon by plumbers and sanitary engineers
is nnnecessary. If the soil-pipe is of the proper size
and height, siphonage of traps will not be likely to
oceur. The waste pipe connecting the fixture and the
soil pipe should be as short as possible ; in other words
all water-closets, nrinals, baths and lavatories should
be placed as near the soil pipe as practicable, in order
to have no long reaches of foul waste pipe under floors
Or In rooms.

D. The Soil-Pipe.—Thé vertical pipe connecting
the water-closets and other fixtures with the house-
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drains, is called the soil pipe. It should be of iron,
securely jointed, of an equal diameter (usunally four
inches) throughout, and extend from the house-drain
to several feet above the highest point of the house.
The connexion of all the waste-pipes from water-closets,
baths, ete., should be at an acute angle, in order that
an inflow at or nearly at right angles may not pro-
duce an obstruetion in the free passage of air up and
down the soil-pipe. The diameter of the soil-pipe at
its free upper end should not be narrowed ; in fact,
according to Col. Geo. E. Waring, the up-dranght is
rendered more decided, if the upper extremity of the
soil-pipe is widened.* The internal surface of the pipe
should be smooth, and especial care should be taken to
prevent projections inward at the joints: otherwise
paper and other matters will adhere to the projections
and gradually obstruct the pipe.

E. The House- Drain.—The horizontal, or slightly
inclined pipe which connects the lower end of the soil-
pipe with the sewer or cess-pool, the point of final dis-
charge from the house, should be of the same diameter
and material as the soil-pipe. The joints should be
made with equal care, and the pipe should be exposed
to view throughout while within the house-walls. If
sunk below the floor of the cellar it should be laid in a
covered trench, so that it may be readily inspected.
The junction between the vertical and horizontal pipe
should not be at a right angle, but the angle should be
rounded. The drain-pipe should not be trapped. This
is contrary to the advice of sanitary authorities gen-
erally, but the author thinks it unadvisable to trap
the drain-pipe. There should be no obstruction to the
outflow of sewage from the house, and a trap in the
drain-pipe is of no avail against the passage of sewer
air from the sewer or cess-pool into the soil-pipe, if

= Am. Architect, Sept. 15th, 1883, p. 134,
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the pressure of theairin the former is increased. Fur-
thermore, if the passage of air backward and forward
between the sewer and the external air at a sufficient
height (above the roofs of houses, for example), is
free and unobstructed, the sewers (or the cess-pool, as
the case may be) will be better ventilated than if an
obstruction to such free cirenlation, in the form of a
trap, be placed in the drain-pipe.

Nearly all sanitary anthorities direct that an open-
ing for the admission of fresh air,—‘fresh air inlet,’
should be made in the drain-pipe, before its connex-
ion with the sewer or cess-pool. This is done with the
view of having a constant current of fresh air entering
near the base of the soil-pipe and passing upward
through it. Theoretically the enrrent ought always to
pass in this direction. Practically, however, the cur-
rent is found, at times, to pass the other way, and the
foul air from the soil-pipe may be discharged into the
air near the ground, where it would be much more like-
ly to do harm than when discharged high up in the air
beyond the possibility of being breathed.

. OFFICIAL SUPERVISION OF THE SANITARY ARRANGE-
MENTS OF DWELLINGS.

In most cities and towns, the municipal authorities
have provided for an official inspection of buildings, to
prevent neglect of precantions against fire and other
manifest dangers to life. It is only very recently how-
ever that the authorities of some of the larger cities in
this country have enacted laws to prevent improper
construetion of house drainage works. Although none
of these laws or ordinances cover the subject, yet their
proper enforeement must result in great advantage.

Within the past few years, following the example
of Edinburg, volunteer associations have been organ-
ised in various cities of this country, with the objeet
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of seeuring constant expert inspection and supervision
of the drainage arrangements of dwellings, and other
necessary sanitary improvements.

The good results accomplished by the Newport
Sanitary Protection Society, the New Orleans Auxil-
iary Sanitary Association and other similar bodies
attests the nsefulness of suech organisations.

[The following works are recommended to the
student who desires a fuller knowledge on the subjects
treated in this chapter:

W. H. Corrierp: Dwelling Houses, Their Sanitary Construction and
Arrangements. N. Y. 1880. Wu. Pavn GeEnrmarD: House Drainage and
Banitary Plumbing: Fourth Report State Board of Health of R. L., 1881.

Ertor . CrLari:: Common Defectz in Honsze-Drainz, - Tenth Annual
Report Mass. State Board of Health, 1379. ]



CHAPTER VII.
CONSTRUCTION OF HOSPITALS.
SITE.

I¥ the choice of a site for the habitations of healthy
persons is a matter of vital importance, as was pointed
out in the last chapter, it needs no argument to impress
upon the reader the actunal necessity of choosing a site
with wholesome surroundings for a habitation for the
sick. In selecting a site for a hospital, therefore, it is
of prime importance to avoid a location where unsan-
itary influences prevail.

While a hospital should always be easily accessi-
ble, it is not desirable that it should be in a noisy or
crowded part of a city. Where a hospital is primarily
designed for the reception of accident, or ‘emergency’
‘ases, it is of course necessary to have it near to where
accidents are likely to oceur. In a eity, this will prob-
ably be in the most erowded and noisy part.

The direction of the prevailing winds from the city
should be avoided, in selecting a site for a hospital.

- Free admission of sunlight and air must be secured
to all parts of the hospital. An elevated location is
therefore desirable, although exposure to violent winds
must, if possible, be avoided.

The soil npon which a hospital is built should be
clean, easily drained, with a deep ground-water level,
not liable to sudden osecillations. The neighborhood
oi a marshy, or known malarious region should be
avoided.

THE BUILDINGS.

The building area must be large enough to permit
the construction of buildings in accordance with the
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modern recognized principles of hospital construetion.
Overcrowding is not permissible; either of the grounds
by buildings, or of the buildings by patients.

Having determined upon the number of patients
for whom provision is to be made, and the character of
the diseases to be treated, an estimate must be made of
the area necessary for a hospital. Taking into account
all the buildings needed, the area required will be—for
two or more storied buildings—mnot less than three
hundred and twenty-five square feet per bed. If one
story buildings are to be erected, more space will be
required, and if infectious diseases are to be treated in
the hospital, the above space allowance must be doubled
or trebled. In the mew Johns Hopkins Hospital in
Baltimore, the area oceupied by the buildings is four-
teen acres, and provision is to be made for three hun-
dred patients. This, covering, of course, the area oc-
cupied by the administration buildings, nurses’ home,
kitehen, dispensary, operating and autopsy theatre,
laundry, ete., gives an area of 2,020 square feet per
bed. The actual allowance of floor space per bed is one
hundred and twenty squard feet; for patients with in-
fectious diseases, the space allowance is nearly treble,
being three hundred and ten square feet.

Within recent years, the principles of hospital
construction have undergone considerable modification.
While formerly large hospitals consisted usually of one
large, two or more storied buildings, in which all the
various departments were comprised under one roof, the
aim has recently been to scatfer the wards as much as
practicable consistent with reasonable ease of super-
vision and administration. Under the former plan,
with large wards connected by common corridors and
stairways, ease of administration was primarily se-
cured; in the latter the most important object of a hos-
pital, ‘a place for the sick to get well in,” is more
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nearly attained. While many hospitals are still being
construeted on the old plan, of a single block of several
stories in height, nearly all sanitary authorities are
agreed that the plan of separate pavilions of one, or
at most two stories, in which the buildings are entirely
disconnected, or connected only by means of an open
corridor for convenience of administration, is best for
the patients, and leaving out of account the cost of the
ground, are also the most economiecal.

The recent development of the pavilion system of
hospitals may be attributed largely to the success ob-
tained in treating the sick and wounded in the simple
barrack hospitals during the late war between the
States. The army barrack hospital is the original type
of the pavilion hospital of the present day.

Each pavilion consists of one or two wards, con-
taining from ten to thirty beds altogether. In each
pavilion or ward is also a bath and wash room, water-
closet, dining room, scullery, attendants’ room, and
sometimes a day-room for patients able to be out of
bed.

The two-story paviliofi is built on the same plan
and is generally adopted in cities, or where economy of
space 1s desirable for financial reasons, and where no
infectious diseases are treated. W here practicable, one
story pavilions should alwayvs be adopted, as they are
more easily heated, ventilated and served than two-
storied buildings.

When a number of pavilions or wards are con-
nected by a corridor with each other and with a central
or administration building, and other service buildings,
the aggregation constitutes a modern pavilion block
hospital. The Johns Hopkins Hospital, already re-
ferred to, is a model hospital of this elass, and its plans
should be studied in detail by all who are more partie-
ularly interested in hospital construction. The general
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wards are in one and two story buildings, connected
by a corridor with each other, and the administration
and service buildings. In addition to two buildings
containing private rooms and small wards for patients
able to pay for the extra accommodations, there are
two lines of pavilions running from east to west. The
corridor cuts all the pavilions near the north ends of
the buildings, separating the ward almost entirely
from the service part of the building. This arrange-
ment leaves the south, east and west fronts of the
wards entirely exposed to the sun’s rays, a very
important advantage. The Kitchen and laundry are at
opposite angles of the grounds, while the autopsy
building is placed in the extreme northeast corner of
the grounds, as far from all the wards as practicable.

The free space between the separate pavilions
should be at least twice the height of the building. In
the Johns Hopkins Hospital, the space is fifty-nine
feet and eight inches between the one-story common
wards, which are thirty-seven feet in height from the
surface of the ground to the ridge of the roof.

VENTILATION AND HEATING.

The cubic space (initial air space) per bed, in the
wards should be not less than 1,500 to 2,000 cubic feet,
and for surgical or lying-in cases, and contagious dis-
eases, 2,000 cubic feet should be allowed. The ventila-
ting arrangements should secure an entire change of
the air two to three times in an hour.

In most sections of the United States, natural ven-
tilation can be relied on to keep the air in hospital
wards pure (assuming, of course, the proper construe-
tion of the buildings). The windows, doors, and walls
are important factors in securing this ventilation.
Hence, especial care is to be paid to their construction
and arrangement.
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Many German, French and English anthorities on
hospital building, urge the importance of making the
walls impervious by cement, glass, or paint. The pe-
culiar odor known as ‘hospital odor,” it is asserted,
cannot be prevented in any hospital in which the floors,
walls and ceilings are not absolutely impervious. The
American practice is generally in favor of walls which
permit transpiration of air. In the experience of the
author the imperviousness of the walls is not neces-
sary to secure freedom from hospital odor. It remains
a question for serious consideration whether the diminu-
tion of natural ventilation would not counterbalance
any good resulting from non-absorptive walls,

The interior of the walls should be perfectly
smooth and plain; no projections, cornices or off-sets
of any Kind are permissible. The desirability of this
restriction was clearly expressed nearly a hundred
years ago by John Howard: ‘From a regard to the
health of the patients, I wish to see plain, white walls
in hospitals, and no article of ornamental furniture
introduced.”*

Windows should run quite to the ceiling, and
should not be arched, but finished square at the top.
There should be one window for every two beds. The
window sash should be double to retain heat, and the
lights, heavy clear glass. Ventilation can be promoted
by raising the outer sash from below, and lowering the
inner one from above. The insertion of a Sherringham
ventilator at the top of the inner sash will aid in giv-
ing the incoming air-current an npward direction.

Heating is best accomplished by introducing hot
air from withount, or by stoves or fire-places in the cen-
tre of the wards. Where hot air is introduced from
without, it should be heated by passing it over steam

* An Account of the Prineipal Lazarettos of Europe, ete. Londomn, 1791, p. 57.
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or hot water coils, and not by passing it through a fur-
nace, which may produce super-heating and excessive
dryness of the air. :

In series of experiments by Dr. Edward Cowles at
the Boston City Hospital,* the air was heated to 90°
by passing it over steam coils. It was admitted to the
wards by numerous inlets, one foot square. The best
velocity for ventilating and warming purposes was
found to be 180 feet per minute. Exit openings were
in the ceiling, and it was found best to make them
large, as by this means the rapidity of exit currents is
reduced.

Where the warming of the ward must be accom-
plished by stoves or fire-places in the ward, the best
plan, for square and octagon wards, is to have a large
central chimney with arrangements on the four sides
for fire-places or stoves. This chimney can also be
used as a very eflicient ventilating shaft throughout
the year, by a device put in practice by Mr. John R.
Neirnsee, architect of the Johns Hopkins Hospital.+t
In oblong wards, two or more large stoves placed at
equal distances along the centre of the wards will heat
the wards effectually.

Floors should be made of tiles, slate, or oak or
yellow pine lumber. If wood is used, it should be
well seasoned, perfectly smooth, and all joints accu-
rately made. The floor should be kept constantly
waxed to render it impervious to fluids.

The space between the floor and ceiling below
should be filled with some fire-proof non-conducting
material, such as cement, or hollow bricks, in order to
isolate each floor or ward as much as possible from
others, both to prevent transmission of noise and ex-
tension of fire.

* Report of the Mazsachusetts State Board of Health for 1879, p, 231-248,

+ Hospital Construction and Organisation. Plans for Johns Hopkins Hospital,
N. Y., 1875, p. 385 et. seq.
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All corners and angles on the inside of the build-
ing should be rounded to facilitate the removal of
dust.

In cleaning up, eare should be taken not to stir up
the layers of dust too much, by active sweeping or
dusting. The floors, furniture, door and window-cas-
ings should be wiped off with damp cloths. Soiled
bedding, clothing, dressings and bandages must be
promptly removed from the ward. Mattresses and
other bed-clothing should not be shaken in the
ward.*

Water-closets—or where the dry method of removal
of excreta is in use—earth or pail-closets should be
placad where thev ean be easily reached by the patients,
but tlie apartment in which they are placed must not
open directly into the ward. The entrance to this
apartment shounld be from the corridor, or better still,
from the open air. The ventilation of water-closets
should be independent of, and entirely distinet from
that of the ward, or other part of the hospital building.

It is, of course, unnecessary to more than call at-
tention to the vital importance of the prompt removal
of all exereta, both solid and liquid, from the ward or
hospital building. To attempt disinfection of excreta
and allow them to remain in the ward after being voided,
is a pernicious practice, which should under no circum-
stances be permitted. All utensils for the reception
of excreta, bed pans, etc., should be immediately
emptied and thoronghly cleansed. .

Urinals are not advisable; the simple hopper closet
with hinged hard-wood seat, as described in chapter
V1. is sufficient. )

A bath room and lavatory should be attached to
every ward. It should be placed in the service build-

A WenNicn : Ueber Verdorhbene Luft in Krankenrseomen, VorEmass's Samml.
ilin, Yortr., No. 179, p. 4.



CONSTRUCTION OF HOSPITALS. 149

ing, and be easily accessible to the patients. There
should also be portable bath tubs in order that baths
may be given in the wards when necessary.

Every large general hospital should also have a
special apartment or building where baths of various
Kinds, such as medicated, vapor, Turkish and Russian
baths could be given. In lying-in hospitals, special
arrangements for giving vaginal and uterine douches
must also be furnished.

A daily water-supply of at least one hundred gal-
lons per bed should be provided. The water should be
easily accessible from the wards and various parts of
the service building.

All water-closets, soil and waste-pipes must be
properly trapped; all joints must be properly made and
all sewer connexions made on the most improved plans.
All work of this sort should be properly tested before
being accepted, and frequently inspected afterward.

No sewer or house-drain should be laid under a
ward.

A disinfecting chest for disinfecting soiled cloth-
ing, bedding, dressings, ete., should be placed in the
basement of the ward, and connected with the latter
by an iron chute, closing perfectly by an iron top. The
best and most convenient disinfectant is steam. This
is also the best means to destroy vermin in clothing
and bedding.

It is guestionable whether a nurses’ room shounld
be attached to a hospital ward. The nurse’s place,
when on duty, is in the ward itself, not in a room sep-
arate from it. Where there is a nurses’ room, it should
not be furnished with sleeping arrangements, for this
i1s a strong temptation to neglect of duty on the part
of the nurse. A nurse not on duty shonld not be per-
mitted to remain about the ward.
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A ward-Kkitchen should be in the service building,
where articles of food can be kept hot, or cold, when
necessary, and where special dressings, cataplasms,
hot water, etc., can be prepared. A small gas-stove
only should be allowed in the ward-kitchen, as the reg-
ular meals of the patients are prepared in the central
kitchen, which should be totally detached from the
hospital. The ward-kitchen can be easily utilised as a
nurses’ room, and In a small hospital can also be used
as a store-room for the patients’ body and bed linen,
and clothing.

The dining room for patients able to be out of bed
should be in the service building. A room with good
light, and well ventilated and heated should be selected
for this purpose. In the intervals between meals this
room could be used as a day room for such patients as
should be out of bed, but who are not able to be in the
open air.

A dead-house, containing a dead room, autopsy
room, and a room fitted up for rongh microscopie, and
possibly, photographie work, is a necessity to every
well-appointed general hospital. The dead-house should
he entirely separate from the ward buildings.

The kitchen should be separate from the other
buildings, and, in large hospitals should also be the
central station for the heating arrangements, if hot
water or steam heat are used. The laundry may be
connected with it. The Kkitchen should be connected
with the wards by means of a covered corridor to avoid
exposure in carrying the food to the wards.

The administration building should contain office
rooms for the superintendent and resident physician,
pharmacy, library, reception rooms for visitors, living
rooms for one or more assistants, and dwellings for the
superintendent and resident physician.
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THE ADMINISTRATION AND MANAGEMENT OF A GENERAL
HOSPITAL.

The general management of a hospital should be
under the direction of a superintendent, who besides
being a medical man, should be especially qualified by
study and experience for the work. The superintend-
ent of a large hospital should not be expected to per-
form any of the routine professional work in the wards,
but he should be responsible for the service, both pro-
fessional and lay, in the hospital. He should be the
financial officer, and in all things concerning the hos-
pital his judgment should decide. He should have
sufficient assistance to permit all necessary duties to
be promptly performed. For this purpose, he should
have a secretary, or clerk, who should not be a medical
man; otherwise the attention of the latter might be
withdrawn from his clerical duties to the more inter-
esting professional work in the hospital. The plan
advocated by some authorities, to have two superin-
tendents for large hospitals, one of whom shall be a
medical man and direct only the professional work of
the hospital, while the other shall have charge of the
administraiive functions, does not commend itself to
the author. It involves a division of responsibility
which will in nearly all cases, eventually lead to differ-
ences of opinion likely to prove unfavorable to the best
interests of the hospital.

It is eustomary in this country to appoint as resi-
dent physicians and surgeons in hospitals, recent grad-
nates, whose functions are usually limited to carrying
out the directions of the visiting physicians and sur-
geons, and sometimes to act on their own responsibility
in emergencies. This system has some advantages for
the physicians, but is usunally detrimental to the best
interests of the patients. The resident medical officer
in a large hospital should always be a thoroughly qual-
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ified, experienced physician, capable of deeciding
promptly when the occasion arises, and he should be
responsible to the superintendent for the proper perfor-
mance of his professional duties. Necessarily, a phy-
sician with the gualifications indicated, would demand
a very much larger salary than is usually paid resident
physicians, but it should be understood, that no hos-
pital, in which the good of the patient is the first con-
sideration ean be condueted on a cheap basis.

Visiting physicians and surgeons, and all resident
medical officers should be chosen with reference to their
general and special qualifications for the duties expected
of them. It would seem to be a good plan to make the
selections for subordinate positions at least, by compet-
itive examination.

The sick in a hospital should be properly classified.
Male and female patients, should of course be treated
in separate wards. A primary classification into med-
ical, surgical and obstetrical cases or wards, is also
indicated. Infectious diseases, such as typhoid fever,
erysipelas, cholera, yellow fever, croupous pnenmonia,
ete., should not be treated in the same wards with rheu-
matism, Bright’s disease, cardiac and nervous disorders,
or simple digestive derangements. It is questionable,
however, whether it is advisable to make a very elab-
orate classification of the various diseases, except in
very large hospitals.

An accurate record, made at the time of observa-
tion, and not written from memory afterward, should
be kept, of the history and progress of every case.
The record should show, not merely the symptoms and
diagnosis, but the medical and hygienic treatment. In
most hospitals where such records are kept, the entries
are made either in a simple memorandum book, or in a
more or less complicated case record. A simple form
of case record has been devised by Surgeon Walter
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Wyman, U. S. Marine Hospital Service, which seems
to possess advantages that render its general adoption
desirable.

In hospitals where cases of surgical diseases and
injuries are received, a special apartment should be
fitted up as an operating room. Operations should not
be performed in a ward in the presence of other patients.

[ The following works are recommended for addi-
tional study upon this subject :

Hospital Constroction and Organisation ; N, Y. 1875, (especially the
egsays of Drs. Bruraxes, Forsod and STEPHEN SMmiTH.) EKrankenanstalten,
by L. DEGEN, in V. PETTENROFER UND ZiEMssEN's Handbuch der Hygiene.
Spital, by C. Bouy, in Realencyelopiidie d. ges. Heilkunde. Bd. XII. Gen-
eral Principles of Hospital Constroction, by F. H. Browx, in Buck’'s Hygiene
and Public Health, Vol. I.]



CHAPTER VIIIL
SCHOOLS.

Tue hygiene of schools comprises the consideration
of the sanitary principles underlying the construction of
school-houses and school furniture, the proper amount
of time to be devoted to study at different ages, the spe-
cial diseases of school-children, their causes, and means
for their prevention.

CONSTRUOCTION OF SCHOOL HOUSES,

In the construction of school-houses, the same hy-
gienic principles are applicable as in dwelling-house
construction. The selection of a site for the school-
building should command the same careful considera-
tion that is necessary in determining upon a site for a
dwelling. Proximity to marshes and other unsanitary
surroundings should be avoided. If the soil is damp,
it should be properly drained, and all sources of insa-
lubrity in the neighborhood avoided, or, if possible,
removed.

School houses should not be over three stories high;
corridors and stairways should be wide, straight, and
well lighted. All stairs should be securely built, and
be guarded with ample, strong railing. All doors
should open outward to permit ready egress, and re-
duce the danger of accident in panies from any cause.

In addition to the study, or recitation rooms, pro-
vision should be made for play and calisthenic exercise
rooms. Well-lighted and ventilated side-rooms should
be provided for the reception of ountside clothing, um-
brellas, overshoes, etc. These articles should not be
kept in the recitation or study rooms. :
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Floors should be made of accurately jointed floox-
ing, rendered impervious by oil or paraffin coating.

Appropriate measures must be employed to prevent
the permeation of the building by ground-air.

The inside walls of school-rooms may be tinted a
neutral gray, or light blue or green. Ceilings should
be white. Walls and ceilings should not be painted,
but lime-coated to permit free transpiration of air.

Schools should be so constructed as to permit of
ready heating, and ventilation, cleaning and keeping
clean. In large schools, the method of heating will
usually be by furnace-heated air, although a better
method would probably be by steam or hot-water pipes.

The ventilation of school-rooms must be carried
out on the principles indicated in chapter I. With
careful and intelligent teachers, natural ventilation
will give better satisfaction than a complicated arti-
ficial system.

A model study room, according to modern views,
should be about thirty feet long, not over twenty-two
feet wide and fourteen feet high. Such a room could
be easily lighted by windows on one side only, and
readily heated and ventilated. It would also enable
the teacher to exercise a close supervision over his pu-
pils. In a room of this size forty pupils would be a
proper number, although fifty could be accommodated.
The initial air-space for each pupil would be 135 cubie
feet if there were fiffy pupils in the room, and 231
cubic feet if there were only forty. This would be
slightly reduced by the allowance for the teacher.

It is believed that study rooms should face toward
the north. The light entering from the north side of
a building would be equable during the whole day.
While a larger window surface would be necessary
than with an easterly or southerly exposure, it is held
that the light being devoid of all glare, wonld be more
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effective. Where the light is admitted on the east,
south, or west sides of the building, the direct entrance
of the sun’s rays must be prevented by curtains, by
means of which the amount and proper distribution of
the light is regulated with difficulty.

The windows of the school-room should reach from
about the height of the pupils’ shoulders (when seated)
to nearly, or guite to the ceiling. Arches or overhang-
ing cornices over the windows should be avoided, as
they eut off much light. For the same reason the near
proximity of other high buildings, and of trees should
be avoided in selecting a site for a school-house. The
window area should be not less than one-fifth of the
floor area, otherwise the light will be deficient.

The light should be admitted only from the left
side of the pupil. When admitted from the right side
the shadow cast by the pen in writing interferes with
good vision; if admitted directly in front of the pupil the
glare of the light will injuriously affect the eyes, while
if it enters from behind, the book or paper of the pu-
pil will be so much in shadow as to compel him to lean
so far to the front in bringing his eyes nearer to book
or paper, that nearsightedness is very likely to be de-
veloped.. Furthermore, if the light is admitted into
the room at the backs of the pupils, the eyes of the
teacher are liable to suffer from the constant glare.

In a school-room of the dimensions above stated,
a row of windows on one side, forming an area of glass
one-fifth of the floor-space, will thoroughly and satis-
factorily illuminate the room, with the least unfavor-
able influence upon the organs of vision. It is advisa-
ble, therefore, to always insist on this arrangement of
lighting of school rooms. Where artificial light is
used in a school-room, it should be in the proportion
of one burner to every four pupils. All burners should

be provided with chimneys and vertical reflectors.
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Water-closets and privies should not be placed in
cellars or basements. This would seem fo be self-evi-
dent, and yet, in many city school-houses these places
of retirement are in this unsunitable location. When it
is considered that large schools are frequently warmed
by hot air taken from the cellar, it furnishes an addi-
tional reason to avoid this location for water-closets.
On the contrary, the custom, in some couniry schools,
of placing the privy at a considerable distance from the
school-room and in an exposed sitonation, is almost
equally reprehensible, as the pupils, especially girls,
are prone to neglect obeying the calls of nature, from
which neglect many disorders arise.

SCHWOL PURNITURE.

Desks should be slightly sloping. the edge nearest
the pupil being about one inch higher than his elbows.
The front edge of the seat should project a little beyond
the near edge of the desk, so that a plumb-line dropped
from the latter should strike the seat near its front
edge. If the seat is not thus brought slightly under
the desk, the pupil is compelled to lean forward in
writing, which position prevents proper expansion of
the chest and increases the blood-pressure in the eyes,
a condition promotive of nearsightedness.

Seats should be only high enough so that the feet
rest flat upon the floor. If they are higher, a foot-
board must be provided. Children should not be con-
- demned to the cruelty of having their feet dangling
‘between heaven and earth’ while they keep their seats.
Seats and desks should be graded according to the sizes
of the pupils—not their ages or standing in the class.

An ideal seat and desk would be one made to mea-
sure for each pupil, but this is manifestly impractica-
ble, inasmuch as with the constant growth of the child
the seats would be rapidly outgrown.
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Blackboards should not be placed at a greater dis-
tance than thirty feet from the farthest pupil. The
ground of the board should be a dead black, without
lustre. Inwriting exercises upon the board, care shounld
be taken that the letters and figures are made sufficiently
large, and with rather heavy strokes of the crayon, in
order that they may be easily seen from the most dis-
tant part of the room. It has recently been demonstra-
ted that a black letter on a white ground can be seen
at a greater distance than a white letter on a black
ground. Hence, it might prove advantageous to the
eye-sight of school-children, to substitute for the pres-
ent blackboard and chalk, a white board and black
crayon. In some European lecture rooms, this plan
has been adopted with satisfaction.

AMOUNT OF TIME TO BE DEVOTED TO STUDY.

Young children should not be kept at the same
study, or in the same position for long at a time. The
exercises should be frequently varied. It is especially
with children in the primary grades that care should
be taken not to overburden their minds with too many
hours of study, or too long continuance at the same
exercise.

Children should not be placed in school much, if
at all, before the completion of their seventh year.
From seven to nine years. they should be kKept at their
studies not longer than three hours daily; from nine to
twelve years, four hours may be allotted them, and from
twelve to sixteen years, they may be kept at mental
work five to six hours daily. This does not mean that
pupils are to be kept continuously at their studies during
these hours, but that they should be neither compelled,
nor permitted to study longer than these periods each
day. It is believed that these figures represent the
capacity for endurance in the majority of children, and
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they should be adopted in all schools where the largest
return in mental acquirements is desired at the least
expenditure of health. Excess of time expended in
study is almost certainly followed by physical deteri-
oration.

Gymnastic exercises should form part of the daily
routine in all schools. These exercises should take
place, when practicable, in the open air. Playing,
romping, laughing and singing should be encouraged,
rather than the natural tendency to boisterons play
restrained. If is especially desirable that the female
children should be encouraged to take part in these
diversions. The desire, on the part of many parents,
to see little girls deport themselves as young ladies,
before the time even when they write their age in two
ficures, is very reprehensible, and deserves the most
ungualified condemnation.

DISEASES OF SCHOOL CHILDREN.

The principal diseases incident to school life are,
myopia, spinal deformities, nervous and digestive dis-
orders, pulmonary phthisis, and contagious diseases.
It is believed that by judicions sanitary measures these
:an all be very much diminished and some entirely
prevented. :

It has been shown by the examination of the eyes
of school-children, that nearsightedness increases pro-
gressively from the lowest to the highest classes. Chil-
dren who enter school with an hereditary tendency to
myopia or who are perhaps already nearsighted to a
slight degree, soon become more intensely myopie, while
others who may be even hypermetropic on entering
school will be found to have become nearsighted during
school life. In examinations of over 30,000 pupils of
grammar and high schools, in Germany, Austria, Rus-
sia, and Bwitzerland, it has been found that the aver-
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age proportion of nearsightedness is a fraction over
40 per cent., varying in the different classes from 22
per cent. for the lowest, to 58 per cent. for the highest
classes. These figures represent the averages of all the
examinations made. In some particular schools, for
example, in the gymnasium (high school) of Erlangen,
the percentage in the higher classes was 88 per cent.,
in the gymnasium of Coburg, 86 per cent., and in the
gymnasium of Heidelberg the proportion of myopic
students in the highest class is said to have reached 100
per cent. in 1877. In the primary schools the percent-
age was found to be much lower. These observations
show that the number of myopic individuals bears a
constant relation to the intensity of use of the visual
organs. The results of the observations of different
observers in different countries also uniformly point
to the conclusion that not only does the number of
nearsighted pupils inecrease as the higher classes are
reached, but the degree of myopia increases likewise.
Thus a pupil who may have only a moderate degree of
myopia on entering the school will have myopia in a
higher degree as he advances in his classes. Erismann
found, on re-examining the same pupils annually, that
in six years, 13.14 per cent. of those examined had
developed myopia from emmetropia, while in 24.57 per
cent. of nearsighted pupils, the degree of myopia had
increased.*

The principal causes of the prevalence of near-
sightedness in schools are badly arranged, or insuffi-
cient light, bad air, overheating of the school-rooms,
improper construction of desks, compelling children to
lean forward while reading or writing, and badly printed
text-books. The use of small type poor paper, and
had press-wmh in text- boohs is very reprehensible.

—

e —

* ERIGMANN : IZIiE: Hrp.'ien-:: der Fk-hu!c. in vox PETTENEOFER und ZiexsseEx's Hand
tich der Hygiene, IT Th., 2 Abth.. p, 30,
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The type technically known as long primer, one size
smaller than that used in this book, is the smallest
that should be used in text-books. That badly ar-
ranged light and improper seats are causes of myopia,
has been shown by Florschutz in his examinations of
the pupils in the publie schools of Coburg. He found
that in the newer schools in which the light and seats
are better arranged, the percentage of nearsight de-
ereased. The average percentage of those examined
in 1874 was twenty-one, while in 1877 it had been re-
duced to fifteen,* showing the great improvement due
to the application of correct sanitary prineiplesin con-
struction of school-houses,

Defective hearing has recently been shown to be
especially frequent among school children. A Berlin
aurist found 1,392 children out of 5,902 (23.6 per cent.)
suffering from ear disease of some kind. Dr. Samnuel
Sexton, of New York, and Dr. Chas. F. Percivall, di-
rector of music in the public schools of Baltimore,
have arrived at similar results after examination of a
large number of school children,

Spinal curvature is present in a large proportion
of the children attending schools. Statistics are not
very full upon this subject, but one anthor, Guillaume,
states that he found lateral curvature of the spine in
218 out of 731 school children, a proportion of 29.5
per cent. This, of course, includes the slighter degrees
of eurvature, which cannot properly be termed a dis-
ease. M. Eulenburgt found that among 1,000 persons
with lateral curvature of the spine, the disease began
in 887 between the ages of six and fourteen, that is to
say, during the years of school life. Girls are affected
ten times as often as boys.

; The especial causes of spinal curvature occurring
durmg school life, are improperly cnustmctﬂd seata

guoted by Conx in Renleucj'clcr]:naamed ges. Heilk. Bd. 12, p. 263,
ealencyclopedie d. ges. Hellk. Bd. X1 p, 564,
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and desks, and an improper position of the body.
Many pupils habitually assume a ‘twisted’ position,
which is very liable to produce spinal distortion in
children of weak muscular development. An improper
position is more likely to be unconsciously assumed by
girls than by boys. The clothing is responsible for
this, for when the girl files into her place behind the
desk, her elothing, hanging loosely about her, is swept
back, and forms a pad, upon which she sits with one
buttock. The greater elevation of her seat on that
side throws the spinal column out of the vertical line,
which is compensated by a partial twisting of the
trunk. The attention of teachers should be directed
to this faulty habit, which can be easily corrected, and
its consequences averted by timely interference.

Nervous disorders are comparatively frequent
among school-children. Headaches are often due to
insufficient ventilation, improper_ food, bad digestion,
and excessive mental strain. Defective light may also
be the cause of headaches, by causing ocular fatigue.
Hysterical and imitative affections are not infrequent,
and sometimes pass throungh entire schools, including
even the teachers. Girls are of course more subject to
this class of disorders than boys, but the latter are not
entirely exempt.

Derangements of the digestive organs are exceed-
ingly frequent among school-children. They can gen-
erally be traced to the use of improper food. The eat-
ing of cold lunches should be discouraged as much
as possible.

Nuts, candies, pies, fruit-cakes, and above all
pickles, are most fruitful sources of digestive derange-
ments of children. The absence of proper accommo-
dations to enable children—especially girls—to answer
the demands of nature, are frequent sources of diges-
tive and nervous disorders.
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The seeds of pulmonary consumption are frequently
implanted during school-life. A neglected cough, bad
ventilation, under which term may be comprised over-
heating and cold draughts, as well as polluted air,
improper position of the body, excessive mental work,
or underfeeding, may, any of them be the starting
point of this fatal disease.

Especial care should be taken to prevent the in-
troduction or dissemination of contagious diseases
through schools. The importance of this duty should
be at all times impressed upon school boards and
teachers. In the first place, no child should be admit-
ted within the door of the school-room, unless it first
presents undoubted evidence of protection againt small-
pox, either by having passed through a previous attack,
or by a proper vaccination. In ecase of an actual or
threatened epidemic of small-pox, the entire school,
including teachers, should be vaccinated.

Diphtheria has been shown to be frequently spread
through the agency of schools.* This fatal disease
demands especial precantions on the part of teachers,
and others involved in the management of schools, to
prevent its introduction to these institutions.

Children should not be admitted to school, coming
from a house where there is at the time, or has recently
been, a case of contagious disease, such as small-pox,
diphtheria, scarlet fever, ormeasles. Atleast four weeks
should be allowed to elapse after the termination of
such disease before a ehild from the infected house is
re-admitted to the school. It goes without saying that
no child having itself been sick with a contagious dis-
ease should be admitted to school until entirely restored
to health. The above-mentioned limit of four weeks

* H. B. Baxer. The Relations of Schools to Diphtheria and to Similar Diseases.
Public Health, Vol. VI, p. 107.
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is the briefest period allowable before the guarantine
of the infected house (so far as the schools are con-
erned ) can be relaxed.

When a case of contagious disease has accidentally
obtained entrance to the school, the pupils should be
dismissed for the day, and the room thoroughly dis-
infected by means of sulphur or chlorine.

Teachers are not infrequently guilty of the grave
imprudence of sending pupils from the school to the
house of an absent child to inquire the reason of the
latter’snon-appearance atschool. TItfrequently happens
that the absent child is sick, and the messenger is invi-
ted to the sick-room to see his'or her class-mate. There
can be no room for doubt that scarlet fever, diphtheria
and measles have often been introduced into schools in
consequence of such thoughtlessness on the part of
teachers.

In order to promote the proper hygienic manage-
ment of schools, all teachers should be required to sub-
mit to an examination in the principles and practice
of hygiene, at least so far as school hygiene especially
is concerned. This is a demand that school-boards
could reasonably insist upon, and there can be no
question that the improvement in the health of the
pupils would amply justify the innovation.

| Students may consult with advantage the follow-
ing special articles: ;

D. F. LikcoLx: School Hygiene, in Brek's Hygiene and Public
Health, Vol. II. F. Errsmans: Die Hygiene der Schule, in Von PETTEN-
KOFER UND ZieMgsEN'S Handb, d. Hypiene, IL Th. 2 Abth. Rruss: Schul-

bankfrage, in Realencyclopidie d. ges. Heilk,, Bd. XII. H. Conn: Schul-
kinderaugen, ibid. C.J. Luxpy: School Hygiene. Public Health, Vol. IX.



CHAPTER IX.
INDUSTRIAL HYGIENE,

OxE of the most interesting chapters in the study
of hygiene is that which treats of the relations of oc-
cupations to health and life. While it is unquestion-
able that certain oceupations are intrinsically danger-
ous to health, there can be no doubt that in many in-
stances incidental conditions not necessarily connected
with the occupation are factors in the produetion of dis-
eases. Such factors are bad ventilation and other in-
sanitary surroundings, as well as In many cases, want
of sufficient or proper food.

Occupations induce disease by compelling the work-
men to inhale irritating, polsonous, or offensive gases,
vapors, or dust; or by causing the absorption through
the skin or mucous membranes, of irritating or poison-
ous substances. Changes of temperature, as exposure
to great heat or cold, produce diseases which are, in
some instances, characteristic. In another eclass of
cases the excessive use of certain organs, as the ner-
vous system, the eyes, the vocal organs, or various
groups of museles produce characteristic morbid effects.
Again, a constrained attitude while at work, a seden-
tary life, or oceupations involving exposure to mechan-
ical violence are recognised sounrces of disease and
death.

The following table gives the mortality and aver-
age age at death of all decedents over twenty years of
age, whose occupation was specified, in the State of
Massachusetts, for thirty-one years and eight months.
The total number of decedents was 144,954; the aver-
age age at death, 50.90 years. BSubdivided into classes,
and individual occupations, the results are as follows:
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TABLE L

Oceupations of Persons whose Occupations were specified, and whose Deaths were
registered in Massachusetts during a period of thirly-one years and eight
sonths. ending with December 31, 1874.%

NUMBER

|AVERAGE

[ p——

NUMEEH AVERAGE
OCCUTPATIONS. oF AGE AT QCCUPATIONS. oF AGE AT
FERSONS.] DEATH. PERS0ONS.| DEATH.
cLAssT. Cullivatorsof Paper-makers....... 254| 4429
the Earth : Farmers, Piano-forte-makers. . . 111| 43.33
Gardeners, ete..... 31832| 6529 Plumbers....coe.... 131| 3553
cLass 11.  Active Me- Potters.. £ 40| 5667
chanicsabroad ; ....| 10,893 56.19| Pump and Block-ma-
Brickmakers........ 106 | 46.35 | kers., i T B9 5479
Carpenters and Join- |Reed-makers. ....... 9| 4278
€8, sserranssnses| 6.150] 53.33||Hope-makers........ 2481 55.05
Caulkers and Gravers. 180 | 58.59|| Tallow-chandlers . . 67 54.93
Masons ....-.eese..| 1,662| 50.83||Tin-smiths.......... 375 4105
Millwrights . ........ 118 | 59.14| Trunk-makers....... 481  39.60
RiFgers. ...coiananias 161| 52.25|/Upholsterers.... ... 124| 3882
Bhip-Carpenters... .. B73| .5B.58||Weavers.. .coveeses 4530| 4495
ET AR R 81| 4099 'Whe-{flrights ......... 507 56.98
Stone-cutters. ....... 1,025] 4090(|Wood-turners....... 76| 53.07
Tanners . 937 | 60.86 ‘rlttllimt:ﬁ {not :spur.:i-
CLASS IIT.  Active Mﬂ* | || ified).. 2,015 4484
chanics in shops ;. 16,676 | 47 .ﬁ' cLAsS1V. Inactive
L e R S 471| 47.04] Mechanics in shops ;| 17,233 43 87
Blacksmiths......... 2402 | 53 26||{Barbers... . ....... 403 3981
Brewers. .... 23| 47.11 | Baskei-makers. ..... “0| 61.63
Gabinet-]'rIakcra ..... T81| 48.84] Book-binders. ..... 1507 40 12
Calico-printers.. 9| 52.11) Brush-makers....... 53| 4311
Card-makers........ 39 48.2-1 Carvers.. S G901 34.00
Carriare-makers and Llﬂ"lr—lll&kl?'rb ...... 154 336
Trimmers. ........ 276 48 21| Clock and watch-ma-
Chair-makers. ...... b B el | o R 100| 5286
Elathiers . coos st 84| 5650 Comb-makers....... 134| 51.38
Confectioners. ...... 85| 44.11|Engravers.......... 124| 4088
ClopkEizsiet i as trin e, 112 | 4082||Glass-cutrers. ....... 76| 43.16
CIODDETE - s ns 927 | 59.22 |FI.amess—makm‘s ..... 4231 48.74
Coppersmiths........ 101 | 45.89|Jewellers........... 468) 40.34
Curriers.. ..... .....| 388| 41.50{/Operatives..........| 2,134 B89.16
Catlars. oL 181 | 39.21||Printers. . .........- TI7| 38.62
Diatillers - ... - vvinaie 27| 56.85| Sail-mukers......... 217| 5321
Ters 5 it 143 | 45.17|[Shoe-cutters......... a6z 4304
Founders...........| 361| 4251|%hoe-makers........| 9,772] 44.61
Furnace-men.. ...... 133 | 48.42|/Silversmiths or Gold-
Glass-blowers.. ..... 182 | B788|| smiths ........... 92| 46.13
Gun-smiths....... = o 260 48.88|'Tailors....ccaaees 1,393 47.34
Hatters. . S 356 | 54.67|/Tobacconists......... 43| 5035
Leather-dressers. . . .. 179 | 47.23||Whip-makers ...... 991 42.63
Machinists.. s.eae| 2097 4167 Wool-soriers...... 155 4809
Miliem+ir+lll CREC N I ETS 5?-1"1: -CL.\S&T. Lﬁbﬂ?"ﬂﬂ"ﬁ!
Musical Instrumem- | (no special trades).| 28,058 4741
rrE ] s v EREE 83| 46.78|Laborers.......... 27382 4749
Nail-makers .. o 174 | 4149 Servants........... 389 40.10
Pailand Tub- mak-:-rs 5| 36.60] Stevedores..... .... 76| 5209
Painters. . ..o 18501 4507 Watchmen......... 193! 50.06

#* Thirty-third Registration Report of Massachusetts, p. GVIL., et. seq.
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TABLE I. Continuad.
= HMUMBELK AVERALE KUMBEIR AYERAGUE
OUCUPATIONS. OF AGE AT QCCTPATIONS. L AGE AT
FERESONS.| DEATH, PEESONS.| DEATH.
Workmen in Powder- Manufacturers....... 1474 51.53
| e e 18| 39.67(Merchants.. .. ...... 3927 54.17
CLAsE V1. Factors la- Newsdealers and Car-
boring abroad, ete.:.| 7,035 36.29|| riers ........... 27| 41.22
Baggage- -masters.. . . . 37| 34.08||R. R. Agents or Con-
Brakesmen.......... 246 26.54| duClOMS...e...... 318| 39.85
Butehers .. .......:. 537 | 50.19|/3aloon and Restau- 209| 40,90
Chimney-zweeps . 4! 84.50| rant keepers..
17y o) - B P G S | 827| 38888 |Stove Dealers....... 12| 45.25
(B F T T e ! 1':-'iI 4929 Telegraphers. ....... 5| 2880
Engineers and Fire- | Wlraderss: .o o iai, 2,908 4808
PR .. | B67| 38.97 | crLassix. Professional
Expressmen.........| 216 41.3!-1- i e S 5175 5081
<Ferrymen. e 9; 0378 |: Architects.. ... ..... 29| 47.07
nghl;lmusfe kLL!}L!’H- 10| 60 40/|ATHSIS .« v vvrrrnss 186| 44.18
Peddlers. . ... -4 417| 45.18| Civil Engineers...... 117 42.33
BEXLODS.. ..cu onuaas| 81] 59.94|/Clergymen. ........ 965 a8.57
SRAEEs s e e | | 2.885] ‘H 37| Comedians.. S 32| 3731
SRblers. . i - | 354 42.54||Dentists............ 114| 4161
Teamsters. . 1,982 41.1 35|'Edimr$ and Rep'trs.. 87| 46.G8
WHEhenﬂ.nd Gaug IS 24| 60.67 || Judges and Justices.. 15| 6411
Wharfingers. ..... 22| 50.00||Lawyers. ..ccevsassn- 676 H6.45
CLASS VII. Iﬁmp@aﬁq:i j |Musicians . covcoones 266G 41.59
on the Ocearn o vo... 8844, 46. 44 | Phnmgr-lpheh 10| 36.80
Fishermen....... el 4:53' 42.82 || Physicians. scvev....| 1,166 5499
MERrines <ol L 4| 41.25||Professors........... 45| 5593
Naval Officers....... | 53| 5000 Public Officers. . ... 437 55.37
A s e al el 1| 82| 60 38| Bheriffs, Constables &
5 S | 8,267 46.45|| Policemen... . ..... 158 53.76
CLASS VIII. ﬂfe:n‘.k-rmta I Students. ... ...oaass 238| 23.28
Financ'rs, Ag'ts,cte.:| 15977| 48 95| /Surveyors. ... ..v..s 86 01.44
O R e 378! 4676||Teachers ......-...: 495 41.59
T T R g 49| 57.61||cLass X. Females:..| 3343 39.13
Baitk Officers.. ..... 151 55.14 | Domestics ...cous vaes 1.047| 46.64
Boarding House k'prs.| 75| 47 96| Dressmakers........| 259 43.36
Booksellers.. ........| 73] 53.05||Milliners........... 136; 3942
Brokers. . 4| 108 4958 NUrses. . ..oeeveevevas 116| 61.06
Clerlv.s and Brmkkmp— (peratives. ......... T08| 2782
................ 3,435| B5.93| Seamsiresses ... 289 46.50
Drugﬂlqts and .&pmh- |shoe-binders S 48| 43.12
BCHTIER. ...« -.-s..| 25B| 42387 Straw-workers . . . .. 73| 34.83
Gentlemen..........| 1512| 68.42| Tailoresses..cuesen.. 233 4749
Grocers. . i 517 47.50||Teachers.......cvcu.- 4421 3127
Innkeepers ......... 467 50.04| Telegraphers Tl 24 43

The above table cannot be ;111%]111:91‘.? relied upon
for several reasons, the principal of which is that the
It shows, however, very clearly

table is incomplete.

the relations of certain occupations to longevity.

It

is seen, for example, that agriculturists have the great-
Next to these come mechanics

est expectation of life.
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engaged out of doors. Professional men come next,
and of these, clergymen and members of the bar have
the first and second places, respectively. The expeec-
fation of life of physicians is above the average, being
nearly fifty-five years. Mechanics engaged in active
work indoors, may expect to live 3.70 years longer than
those whose occupation requires them to retain a more
or less constant position.

Ocecupations which are accompanied by the forma-
tion of muech dust, either inorganic or organic, are es-
pecially unfavorable. Theyusually produce diseases of
the respiratory organs, which may eventuate in phthisis.
In the table it is seen that the average age at death of
stone-cutters was 40.90; of cotton factory operatives
(male), 39.16; (female), 27.82;% of eigar makers, 38.36,
and of cutlers, 39.21 years. These figures more or less
closely approximate the conditions which have been
shown to exist in England and on the continent of Ku-
rope. In Sheffield, the workmen who grind and polish
the cutlery, called ‘dry grinders,” are said to suffer
from a characteristic pulmonary affection termed ‘ grind-
er’s asthma,’ (emphysema) in the proportion of 69 per
cent. of the whole number employed. The average
duration of life of the needle grinders of Derbyshiré is
30.66 years. Among the cutlery grinders of Solingen
in Rhenish Prussia, Oldendorff found 29 per cent. suf-
fering from pulmonary affections, while the average
age at death of the ‘dry grinders’ was 40.7 years.

OCCUPATIONS PREJUDICIAL TO HEALTH.

The diseases of occupations may conveniently be
divided into the following classes:

* These fizures must be accepted with much reserve. While it iz probable that
the averagze age at death among women engaged in different ocenpations is less than
that of men engaged in the same occupations, the fisures in table I., class X, cannot
he used as a basis of comparizon. 5o many women are annually withdrawn from the
yvarions occnpations, by marriage, which places them under different conditions that
the statistics of the openpations of women in the table are untrustworthy.

=
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1. Diseases due to the inhalation of irritating or
poisonous gases and vapors. '

2. Diseases due to the inhalation of irritating or
poisonous dust.

3. Diseases due to the absorption or local action
of irritating or poisonous substances.

4. Diseases due to exposure to elevated or variable
temperature or atmospherie pressure.

5. Diseases due to excessive use of certain organs.

6. Diseases due to a constrained attitude and
sedentary life.

7. Diseases from exposure to mechanical violence.

I.—DISEASES DUE TO THE INHALATION OF IRRITATING

0L POISONOUS GASES OR VAPORS.

Sulplenric acid gas is used in various trades as a
bleaching agent. In the manufacture of straw hats,
and in the drying or ‘processing’ of hops this agent is
extensively employed, and the people engaged in these
industries frequently suffer from respiratory and diges-
tive disorders. These are, however, rarely serious. If
free access of air is allowed, the dangers to healfh in
the above employments are very slight.

Nitrie acid fumes may be dangerous to health
when inhaled in a concentrated form, but very few cases
are on record where any positively deleterious influence
can be traced to this agent.

Hydrochloric acid fumes may prove deleterious
to the workmen in soda manufactories, where the fumes
are disengaged during the so-called ‘sulphate process.’
But the danger is probably slight. On the other hand,
attention has recently been called to a peculiar effect
of hydrochloric acid fumes upon the workmen in
fruit-canning establishments. The men who seal or
‘cap’ the cans after being filled, are the ones affected.
The lesion has been described by Dr. W. Stump For-
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wood, who says concerning it. ‘The constant inhalation
of the fumes of muriatic acid, associated as they are
with the lead solder, which the busy “‘capper’’ neglects
to protect himself against, soon produces inflammation
of the mucous membrane of the nose, which finally
results in uleeration. With some patients, after the
removal of the cause, and the application of proper
treatment, recovery takes place after two or three
months ; but with those who have a serofulous taint
in their constitutions, this uleceration is exceedingly
intractable, and in spite of all treatment proceeds for
months and even years, until the septum is finally per--
forated. And strange to say, it is the common expe-
rience of those who have suffered, that as soon as per-
foration takes place, all the soreness and consequent
annoyance disappears and the patient recovers, with,
of course, a permanent opening in the nasal septum.’*
Dr. Forwood adds that anointing the nose both within
and without several times a day, and avoidance of the
acid fumes as much as possible, will prevent the pe-
culiar affection described.

Amanonia has rarely caused disturbances of health
in workmen brought into contact with it. When
present in the air in large proportion it may give rise
to serious symptoms. As it is often used to prevent
the poisonous effects of mereury (q. v.) care should be
taken that the proportion of the vapor in the air of
the workroom should not execeed five per cent.

Chiorine gas is very deleterions in its effects npon
the workmen brought in contaet with it in the various
industries in which it is employed. Nearly one-half
of the workmen engaged in the manufacture of chlori-
nated lime, and in blea¢hing, become affected.

The respiratory organs are principally affected.
Pneumonia is exceptionally frequent. If an affected

* Phila. Med. and Surg. Reporter, June 30, 1853,
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individual is predisposed to consumption the latter dis-
ease is soon lighted up, and proves quickly fatal. The
effect of the inhalation of concentrated chlorine is thus
graphieally deseribed by Hirt.* ¢The workman suffers
from violent cough, and extreme dyspnea. In spite of
the aid of the auxiliary respiratory museles, the entrance
of air to the lungs is insufficient, and the widely opened
eyes, the pale bluish color, and the cold perspiration
plainly show the mortal agony of the patient. With
this the pulse is small, the temperature decreased.
Soon after removal from the impregnated atmosphere,
these phenomena disappear, and a few hours later, the
workman is found enveloped in chlorine and hydro-
chloric acid vapors in his accustomed place in the
factory. The attacks seem to be but rarely fatal.’

The constant inhalation of an atmosphere strongly
impregnated with chlorine produces a cachectic appear-
ance, bronchial catarrh, loss of the sense of smell, and
a prematurely aged appearance. When this stage of
chronic ehlorine poisoning has been reached, complete
health can rarely be re-established, even if the patients
be entirely removed from the irritating atmosphere.

Carbonie oxide is often present in the air of gas
works, iron smelting works, and coke, or charcoal
furnaces. The workmen engaged in these industries
often suffer with diseases of the respiratory organs,
digestive disturbances and general debility. Acute
poisoning from carbonie oxide is relatively frequent, as
already pointed out.+ The prominent symptoms are at
first violent headache, dizziness and roaring in the ears.
These symptoms are followed by great depression of
muscular power, nausea and vomiting. The vomited
matters sometimes gain entrance into the trachea, and
may thus produce strangulation. Unconsciousness,

-— = x e ——— -_——

* Vox PErtENEorER UND Zieusses ¢ Handbuch der Hygiene, ete, II Th. 4 Abth.,

. .
t See Chap. I, p. 16,
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convulsions and asphyxia rapidly succeed. Paralysis
of the sphincters and of groups of other muscles are
often present. The pulse is at first somewhat increased
but soon becomes slower. The respiration is slow and
stertorous, and the temperature falls from 3°-4° F.
Glycosuria often ocenrs. If death does not occur in
the attack, the patient frequently suffers from great
depression, both physical and mental, loss of appetite,
constipation, and various paretic conditions.

The slow or chronie form of poisoning by earbonic
oxide is characterised by headache, dizziness, slow
pulse and respiration, nausea and sometimes vomiting
and purging. Loss of memory, and diminntion of
mental activity are also said to be effects of the con-
tinued inhalation of air charged with carbonic oxide.

Carbonic acid gas is found as one of the constit-
uents of the ‘choke-damp’ in mines. There is reason
to believe that this is often the source of ill-health and
death in miners, even where the symptoms of acute
carbonic acid poisoning are not present. Hon. Andrew
Roy* says that it ‘is more insiduous than direet in its
operations, gradnally undermining the Eonstitution
and Killing the men by inches.” Difficulty of respi-
ration and weakness are the only symptoms calling at-
tention to the pernicious effects of the gas. Where,
however, the proportion of carbonic acid is large, acute
poisoning oceurs.  This is manifested by the following
symptoms: loss of consciousness and of the power oi
voluntary motion. In some cases there are convulsions:
in others the above symptoms are preceded by difficult
respiration, headache, depression, drowsiness, or psych-
ical excitement. Recovery usually soon follows after
removing the patient into a purer atmosphere.

Vintners, distillers, brewers and yeast makers are
sald to suffer from the effects of carbonie acid oceasion-

_— —— e e

* Third Annual Report State Mine Inspector of Ohio. Quoted in Buer’s Hygiene
and Public Health, Yol. IL., p. 243. :
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ally, but serious results from this cause are probably
very infrequent.

Sulphuretted hydrogen when present in the air in
large proportion, as for example, in privy vaults, cess-
pools, and sewers may produce serious or fatal poison-
ing. Formerly, when vaults were cleaned in the prim-
itive way, these accidents were frequent, but at the
present day, owing to improved methods of removing
excreta, they are comparatively rare. The precautions
advised in a preceding chapter® should be borne in mind
when it is necessary for workmen to enter such places.

The gases resulting from the puirid decomposition of
organic substaneces, such as are found in tanneries, glue
and soap works, and similar industries, are popularly
believed to give rise to various diseases. There are no
observations on record, however, to show that such is
the case. As a matter of fact, the workmen engaged
in the industries mentioned, seem to be exceptionally
healthy, and to resist to a considerable degree the rav-
ages of phthisis and of epidemic diseases.

Bisulphide of carbon is used in the arts prinei-
pally in the process of vuleanizing India rubber, and
for extracting oils from seeds and fatty bodies. The
constant inhalation of the vapor of bisulphide of car-
bon produces a train of symptoms to which attention
was first attracted by Delpech, in 1856. The symptoms
have been observed frequently since that time. The
following account is from Hirt:t

‘Some days, or even weeks or months after begin-
ning this oceupation, the workmen complain of a dull
headache, becoming more severe toward evening. This
symptom is soon followed by joint-pains, formication,
and itching on various parts of the body. A more or
less troublesome cough is present, but is not accom-

* Chapter 1., p. 21.
+ Op. cit., p. 646
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panied by any characteristic sputa. The respiration is
regular, the pulse somewhat increased in frequency.
During this time certain individuals exhibit a marked
exaltation of their intellectual powers, they talk more
than formerly, and show an interest in matters in which
they at other times show no concern. There is, how-
ever, very rarely distinet mental disease. The sexual
desires are increased in both sexes, menstruation be-
comes irregular, and the urine possesses a faint odor of
bisulphide of carbon. In this manner several weeks
or months pass away. Very gradually the physical
exaltation disappears, and a profound depression, mel-
ancholy and discouragement suceceeds, coupled with
which is often loss of memory. Vision and hearing
become less acute, and the sexual activity is completely
destroyed. Amnesthetic spots appear on various parts
of the body, and numbness of the fingers prevent the
workman from performing any fine work.’

The disease never proves fatal, but the normal con-
dition of the individual is rarely re-established when
the disorder has advanced to the extreme stages men-
tioned.

ITodine and bromine vapors when inhaled by work-
men engaged in their preparation produce symptoms
of poisoning which are sometimes very serious. Acute
iodic intoxication comnsists in severe laryngeal irrita-
tion, headache, conjunctivitis, and nasal catarrh. Oec
~casionally there is temporary loss of consciousness.
Chronic iodic cachexia is often found among the work-
men. In certain cases atrophy of the testicles and
gradual disappearance of sexual power has been ob-
served. In the manufacture of bromine, a form of
bronchial asthma has been observed among those
engaged in the establishment. No symptoms corre-
sponding to those of chronic iodism have been observed
among the workmen in bromine.
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The inhalation of the vapors of furpentine produce
in a considerable number of those constantly exposed
to them, diseases of the respiratory organs, beginning
with cough, and, at times, resulting in consumption.
In other cases derangements of the digestive organs,
strangury and in a few cases bloody urine, have been
observed. Nervous disturbances are rare after the in-
halation of turpentine, and are limited to headache,
roaring in the ears, or flashes of light before the eyes.

Petrolewm vapor when inhaled in a concentrated
state produces symptoms similar to those of anesthet-
iecs. When exposed for a long time to diluted petro-
lenm vapor, workmen sometimes suffer from chronie
pulmonary catarrhs, or from nervous derangements.
Among the latter are disturbances of mental activity,
loss of memory, giddiness and headache. These symp-
toms are however rare. More frequent are pustular or
furuncular affections of the skin, which are due proba-
bly to the direct irritant effect of the vapor.

Lead-poisoning is one of the most characteristic
diseases of artisans. It attacks workmen engaged in
roasting and smelting of lead ores; inthe manufacture
of white and red lead and of lead acetate and chromate;
in type making, in painting, and in short in all occu-
pations in which the workman is compelled to inhale
the vapor or dust of lead, or in which it is conveyed
in some manner to the digestive organs. It is believed
also that it can be absorbed by the skin and produce
its poisonous effects upon the economy. The average
duration of life in the roasting and smelting furnaces
is 41 years; of painters, as shown by table 1., 45.07 years.
Of the latter 75 per cent. are attacked by one of the forms
of lead-poisoning, coli¢c being most frequent. In the
manufacture of white lead, more than half of the work-
men suffer from lead-poisoning during the first year,
lead colic being present in 60 per cent. of all the cases.
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In most sugar of lead manufactories 60 per cent.
of all the operatives constantly suffer from some form
of lead-poisoning.

Poisoning has also been observed in workmen
engaged in the manufacture of various pigments of
which the acetate of lead is the base (e. g. lead chro-
mates). Among tvpe founders, the symptoms of lead-
poisoning are mnot very rare, and even compositors
sometimes suffer from lead-poisoning. In the latter
case the lead must be absorbed through the skin in
order to produce its effects.

The various forms in which lead-poisoning affects
the individual are the lead ecachexia, manifested by
loss of weight, discoloration of the skin, the character-
istic blue line along the gums, diminution of the
salivary secretion, a sweetish taste and offensive odor
of the breath; then lead ecolic, the features of which
are well-known ; lead paralysis, the characteristic ‘wrist
drop,” which requires prompt and intelligent treat-
ment, otherwise permanent atrophy of the affected
muscles often takes place. Among other nervous man-
ifestutions of the poison is a painful affeection of the
lower extremities, attacking joints and flexor musecles,
and remittent in character. At times anesthesia of
the skin of the head and neck is present. In rare
cases, serious mental derangement occurs. Otfher
grave nervous lesions, such as the so-called saturnine
hemiplegia and tabes are happily extremely rare among
the workmen in the metal at the present day.

Mereurial poisoning is frequent among the arti-
sans who work in the metal. The smelters of the ore
suffer severely and in a large proportion of the entire
number employed. Their average age at death is forty-
five years. Mirror makers suffer most severely of all
the artisans who come in contact with the vapors of
the metal. It is beyvond question that the confinement
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in badly ventilated work-rooms is largely responsible
for the poisonous effects of the metal upon this class.
The special forms in which the poisonous effects are
manifested in mirror makers are salivation, mercurial
tremor, and nervous erethism, but in addition a very
large proportion suffer from pulmonary consumption.
It is stated that 71 per cent. of the total deaths among
mirror makers (those who coat the glass with the mer-
curial alloy) are from phthisis.

Among women the symptoms are aggravated, and
abortion frequently oceurs. Of the children of women
suffering from mercurial poisoning born living at term,
65 per cent. die within the first yvear.

Fire gilders, fulminate makers, and physical in-
strument makers not infrequently suffer from the dele-
terious effects of inhaling the vapor of mercury. Hat-
ters are also liable to a considerable extent to the poi-
sonous effects of the metal.*

It has been found that upon sprinkling the floor of
the work-room of mirror makers with aqua ammonia,
so as to impregnate the atmosphere with ammonia, the
bad effects of mercury on the system were markedly
diminished. Care must be taken, however, not to use
the ammonia to excess, otherwise the diseases caused
by this agent may attack the workmen.

Zine or copper vapors, or possibly a combination
of the two, given off from brass, which is an alloy of
these metals, produces a peculiar train of symptoms
known as ‘brass-founder’s ague.” The symptoms are
described by Hirt, who has suffered from two attacks
of the affection himself, as follows:+ ‘A few honrs
after attending the process of brass casting, one notices
a peculiar, uncomfortable sensation over the whole

* L. Dexris: Hatting, as Affecting the Health of Operatives. Report New
Jersey State Board of Health, 18579.—Connecticut State Board of Health, 1853,
+ Op. cit., p. 122,
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body. More or less severe pains in the back, and gen-
eral lassitude, cause a discontinuance of the ordinary
occupation. While the pains appear now here, now
there, and are extremely annoying, no changes in the
pulse or respiration are noticeable. In a short time,
however, usually after the patient has taken to the
bed, chilliness comes on which soon increases to a de-
cided rigor, lasting fifteen minutes or longer. In the
course of an hour or less, the pulse now reaches a
rapidity of 100-120 beats per minute. A tormenting
cough, combined with a feeling of soreness in the chest
comes on. In consequence of the repeated acts of
coughing, the increasing frontal headache produces ex-
ceeding discomfort. Soon, however, usually after a
few hours, the height of the attack is reached, free
perspiration indicates the stage of defervescence and
during the gradual diminution of the symptoms, the
patient falls into a deep sleep lasting several hours. On
awaking, a slight headache and lassitude only remain
as reminders of the attack.

It is said that about 75 per cent. of the workmen
in brass foundries are attacked by this affection; the
attack is liable to be repeated at every exposure.

A chronic form of poisoning is said to occur among
zine smelters, after following their occupation for ten
fo twelve years. It consists of hyperesthesia, formi-
cation and burning of the skin of the lower extremi-
ties, soon followed by alteration in the temperature
and tactile sensation, and diminution of the muscular
sense. Paresis of the lower extremities sometimes
comes on. The disease has not yet been sufficiently
investigated.

Anilin vapor is exceedingly poisonous when in-
haled in a concentrated state. Hirt describes an acute
form which wusually results fatally. ‘The workman
falls suddenly to the ground, the skin is cold, pale, the
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face is cyanotic, the breath has the odor of anilin, the
respiration is slowed, and the pulse increased. The
sensation, diminished from the beginning of the attack,
gradually entirely disappears, and death follows in a
state of deep coma.”™ There is a milder form which
comes on after several days of exposure. It is char-
acterised by laryngeal irritation, diminution of appe-
tite, headache, giddiness, great weakness and depres-
sion. The pulse is rapid, small and irregular. Respi-
ration is little altered. There is decrease of sensibility
of the skin. Convulsions may occur, but are nusually
of short duration.

The chronic form of anilin poisoning is character-
ised by three sets of symptoms: those affecting the
central nervous system, the digestive tract, and the
skin. Among the first are lassitude, headache, roar-
ing in the ears, disturbances of sensation and motion
of greater or less degree.

~ The digestive derangements consist in eruetations,
nausea and vomiting.

The cutaneous lesions are eczematous or pustular
eruptions, and sometimes round, sharply circumseribed
uleers with callous borders.

Thereisnotrustworthy evidence thatin the manufae-
ture of anilin colors poisonous symptoms are produced
in the workmen.

II.—DISEASES DUE TO THE INHALATION OF IRRITATING
OR POISONOUS DUST.

The inhalation of air containing particles of
organic or inorganic matter has long been aecepted as
a cause of certain special diseases of artisans. The
diseases so caused are usually limited to the pulmon-
ary organs, and consist of acute and chronic eatarrh,

— ———

* Op, ¢it., p. 127,
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emphysema of the lungs, pneumonia, interstitial in-
flammation of the lungs, the so-called fibroid phthisis
or pulmonary cirrhosis.

Coal dust is inhaled by coal miners, charcoal burn-
ers, coal handlers, firemen, chimney sweeps, foundry-
men, lead-pencil makers, ete. Chronic bronchial
catarrhs are most frequent, while phthisis and emphy-
sema are almost absent from the list of diseases affect-
ing these workmen. The table on page 166 shows that
the expectation of life of foundrymen, furnace-men,
firemen and chimney sweeps is mueh below the aver-
age.

Metallic dust is inhaled by blacksmiths, nailers,
cutlers, locksmiths, file-entters, entlery and needle pol-
ishers, ete. Whilein thisclassof workmen casesof bron-
chitis and pneumonia are relatively frequent, munch the
largest proportion suffer from phthisis. A table com-
piled by Hirt shows that out of the total number of
sick in the different classes of workmen the cases of
phthisis were :

62.2 per cent. for file cutters,

69.6 « * ¢ needle polishers,
404 ©* v ¢ grinders,

128 « %« mnajlers

The Massachusetts table gives the average duration
of life for blacksmiths at 53.26 years, of nail makers
at 41.49 years, and of cutlers at 39.21 years. The
needle polishers at Sheffield, as stated above, (page 168)
have only an average duration of life of 30.66 years.
In this work and that of grinding knives, scissors and
similar articles, the metallic dust is mixed with mineral
dust, (particles of silica from the grindstone). This
mixture seems to be much more deleterious than metal-
lic dust alone, as shown by the shorter average duration
of life and the enormons percentage of cases of con-
sumption.
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Mineral dust is inhaled by the workmen in a large
number of different industries. The grinders in the
ground-glass factories suffer most severely. Hirtfound
the average duration of life in grinders who began
this occupation after their twenty-fifth year to be 42.50
years, while in those who began at the age of fifteen,
the average duration was thirty years.

Mill stone cutting is also a very dangerous oceupa-
tion. Peacock® gives the average age at death of these
workmen at 24.1 years. Stone-cutters generally, suf-
fer frequently from phthisis, probably largely in conse-
quence of the constant inhalation of the mineral dust
produced during their work. The Massachusetts table
gives the average age at death of these workmen at
40.90 years, while Hirt's table gives a much lower age,
namely 36.3 years. Portters and porcelain makers are
exposed to similardangers from their oceupation, buttoa
much less degree. The table on page 166 gives the aver-
age age at death at 56.67 years, rather a high average.

Slaters and workmen in slate quarries suffer in a
large proportion of cases from chronie pneumonia, and
die at a comparatively early age.

Masons and carpenters have an average duration of
life of 50.33 and 53.33 years respectively. One-third
of all the diseases from which they suffer, affect the
respiratory organs.

Gussenbauer has reported a series of cases of a
peculiar inflammatory affection of the diaphyses of
the long bones, in the artisans who are engaged in the
manufacture of pearl buttons.

Gem finishers are exposed not only to the inhala-
tion of dust, but to poisonous gases (carbonic oxide)
and vapors, (lead). The proportion of sickness among
them is very high.

e - rm——— == amEm — T

* Quoted by MERgEL, in Vox PETTEXEoFER Uxnp Ziem=fEx. Handbuch der Hy-
giene, II'Th. 4 Abth. p. 197.
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VEGETABLE DUST.

The workmen compelled to inhale vegetable dust
are those who work in tobacco, cotton operatives, flax
dressers, paper makers, and weavers, wood turners,
millers and laborers in grain elevators.

Workmen in tobacco usually suffer within a few
weeks after beginning work, from a nasal, conjunctival
and bronchial catarrh which soon passes off, as the
mucous membranes seem to become accustomed to the
irritation. Nausea is also frequent at first, due prob-
ably to the absorption of small guantities of nicotin.
Females exposed to tobacco dust usually suffer from
digestive and nervous troubles. They are said also to
abort frequently. Dr. R. 8. Tracy,* as a result of his
observations among the cigar makers in New York,
states that the fecundity of these people is much less
than the average. 325 families visited had only 465
children, an average of 1.43 to each family. Dr. Tracy
is inclined to attribute this to the frequent abortions
that oceur among the females exposed to the inhalation
of tobaceco dust. According to the Massachusetts table,
cigar making is an unfavorable occupation, the average
age at death being 38.36 years.

Cotton operatives, flax dressers, weavers, and work-
men in paper mills are subject to various diseases of
the respiratory organs. Coetsem, as long ago as 1836,
described a peculiar pulmonary affection among cotton
operatives, which he termed pnewmonie cotonneuse.
The observation does not seem to have been verified by
others ; at all events, the author is unable to find any
other record of a similar affection in the literature of
the subject. Among weavers the mortality from phthi-
sis is comparatively high. Among paper makers Hirt
found an average duration of life of 37.6 years. The

* Boek's Hygiene and Pablic Health, Yol IT, p. 42
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people who sort rags arve liable to a fatal infectious dis-
ease, ‘rag-sorter’s disease,” (Hadernkrankheit®*) which
resembles in all respects, and is probably nothing less
than anthrax. No cases have been reported in this coun-
try, but as the importation of rags from abroad is carried
on to a considerable extent, no apology is believed to
be necessary for calling attention to it. The ‘wool-
sorter’s disease,” to which attention has recently been
called in England, is doubtless similar in its nature.

Millers suffer in a large proportion of cases from
pulmonary affections, especially bronehial catarrh and
pneumonia. Aeccording to Hirt, 20.3 per cent. of all
the diseases of these workmen are pneumonias, 9.3 per
cent. bronchial catarrhs, 10.9 per cent. phthisis, and
1.9 per cent. emphysema. The average duration of
life, is 45.1 years. The Massachusetts table gives 57.14
years, a very much more favorable exhibit.

The laborers in grain elevators are compelled to
inhale a very irritating dust which causes acute and
chronic catarrhs of the respiratory organs. Dr. T. B.
Evans, of Baltimore, has reported a series of cases of
catarrhal pneumonia in these workmen, which were
characterised by some peculiar features. Brush ma-
king, according to the statistics of Hirt, is a very dan-
gerous occupation. Nearly one-half of the deaths
among brush-makers are from phthisis, due, in great
measure to the inhalation of the sharp fragments of
bristles produced in trimming the brushes. In the
Massachusetts table the average duration of life is
given at 43.11 years,

I11.—DISEASES DUE TO THE ABSORPTION OR LOCAL AC-
TION OF TRRITATING OR POISONOUS SUBSTANCES.

Arsenie is used in the manufacture of green pig-
ments, and for various other purposes in the arts. In

¥ See Article by Soves: Realencyelopmdie d. gpes. Hellk. Bd VI, p. 1566



184 TEXT-BOOK OF HYGIENE.

the preservation of furs, and in taxidermy it finds ex-
tensive use. In the preparation of the pigment known
as Paris green, the workmen are frequently entirely
covered by a layer of the poisonous salt. The poison-
ous symptoms oceur in consequence of the absorption
of the poison through the skin, or from its loeal action,
and but rarely on account of inhalation of vapors or
dust in whiech it is contained. The most marked
symptoms are chronic gastric catarrh, smperficial ero-
sions in the mounth, dry tongue, thirst and a burning
sensation in the throat. These symptoms may continue
for months or even years and gradually produce a com-
plete breaking down of nutfrition and the vital powers.
Violent itehing skin eruptions, of an eczematous char-
acter are not infrequent complications of the internal
symptoms.

Phosphorus produces two classes of effects in per-
sons subjected to its influence. The milder effects are
produced by the inhalation of the fumes of the sub-
stance, and are limited to digestive disturbances, and
diseases of the pulmonary organs. The severer symp-
toms are only observed among the employés in mateh
factories, and are due to the loeal action of the phos-
phorus upon the tissues affected.

The characteristic disease produced by phosphorus
is a painful periostitis of the lower or upper jaw. The
limitation of the affection to this locality is believed to
be due to the action of the phosphorus dissolved in the
saliva. The fact that the lower jaw with which the
saliva comes more thoroughly in contact is most fre-
quently affected, seems to indicate that this view is the
correct one. The disease begins, on an average, five
years after the beginning of the employment. Hirt
estimates the proportion of employés in mateh factories
attacked at 11 to 12 per cent. The first symptom of
the disease is tooth-ache, soon extending to the jaw.
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The cervical glands swell up, the gums become reddened
and spongy, abscesses form about the diseased teeth
from which large gquantities of thin, offensive pus are
discharged. Examination with a sound reveals carious,
nodulated bone. The cheeks become swollen, erysipel-
atous, and may suppurate and discharge pus externally.

The destruction of the soft tissues continues until
resection of the jaw is finally undertaken and the
disease checked by surgical interference, and removal
of the patient from the influence of the pernicious
substance.

In the manufacture of gquinine, a troublesome
eczema is caused in about ninety per cent. of the
employés. It seems to be due to emanations given off
from the boiling solutions. It begins with intense
itching, followed by swelling and the formation of
vesicles, which soon burst and form erusts. There is
considerable fever when the swelling is great. It is
said that blondes are more frequently affected than
those of dark complexion. The disease soon disappears
if the work is given up.

The workmen engaged in the manufacture of bickro-
mate of potassiwm arve said to suffer from an ulcera-
tion of the nasal mucous membrane very similar to
that already deseribed as due to the vapors of hydro-
chloric acid (p. 170). Rapidly spreading, deep ulcers
are also said to form, if the bichromate comes in con-
tact with abraded surfaces of the skin.

The strong alkali handled by tanners frequently
produces fissured eczemas of the hands which are pain-
ful and often difficult to cure.

The workmen in pefrolewm refineries frequently
suffer from acneiform or furuncular eruptions.

Among glass blowers, syphilis is frequently com-
municated by an infected mouth-piece which is used
by the men in turn.
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IV.—DISEASES DUE TO EXPOSURE TO ELEVATED OR VARI-
ABLE TEMPERATURE OR ATMOSPHERIC PRESSURE.

Cooks and bakers are exposed almost constantly to
a high temperature, which produces an unfavorable
influence upon health, and predisposes them to diseases
of various kinds. The Massachusetts table shows that
cooks have a much shorter duration of life than bakers,
although the statisties of both trades are unfavorable.

The prevailing diseases among cooks and bakers
are rheumatism and eczematous eruptions, generally
confined to the the hands, forearms and face.

Blacksmiths, founders, and firemen suffer from the
intense heat to which they are exposed, in addition to
the inhalation of coal dust, as has already been pointed
out (p. 180). The stokers in the engine-rooms of
steamships suffer especially from the excessively high
temperature to- which they are subjected by their
occupation. A form of heart-weakness, described by
Leviek as ‘fireman’s heart,” is prevalent among them.

Sailors, farmers, coachmen, car drivers and team-
sters are subjected to stress of weather, changes of
temperature and storms. They suffer frequently from
rheumatism, acute bronchitis, pneumonia and Bright’s
disease. Car drivers are said also to suffer from pain-
ful swelling of the feet, varicose veins and nleers, and
mild spinal troubles.®

Sunstroke is not confined to any class of artisans,
but persons who perform hard labor, especially in a
confined atmosphere, suffer most frequently.

The effects of compressed air on workmen in tunnels
and deep mines has already been referred to.t The
most serious symptoms occur, not when the individual
is subjected to the increased pressure, but when the
pressure is too rapidly diminished.

= = — -

* 4 McL. HaMirtox in Report New York Board of Health, 1873, p. 444,
+ Chapter I, p. 8.
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V.—DISEASES DUE TO THE EXCESSIVE USE OF CERTAIN

ORGANG.

The prevalent belief that the over use of fthe intel -
lectual faculties is a frequent cause of mental disease
is not borne out by facts. Men and women who per-
form an amount of mental work regarded by most
persons as excessive, have in spite of this, a long
duration of life. There are no exact statistics upon
this subject, but Casper a half century ago made the
following estimate of the average duration of life
among professional men: clergymen live 65 ; merchants,
62.4 ; officials, 61.7; lawyers, 58.9; teachers, 56.9, and
physicians, 56.8 years. In the table given on page 166,
the figures are somewhat less favorable, although cor-
responding in general with those of Casper. Hence, it
is seen that of professional men, those whose occupa-
tion compels the exercise of high mental powers, have
a higher duration of life than any other class, except
farmers and mechanics engaged actively out of doors.
Those professional oceupations only which necessitate
a more or less irregular mode of life and frequent sub-
jection to physical exhanstion and dangers from
contagious disease, such as physicians and journalists,
make an unfavorable showing in the statistics. The
proposition may be laid down that it is not mental
activity, however great, but mental worry that tends
to the abbreviation of life.

The occupation of a tea-taster is said to produce a
peculiar nervous condition, manifested in muscular
tremblings, ete., which compels the individual to give
up the work in a few years.

Persons who test the quality of {ebacco, an occu-
pation corresponding to that of tea-taster, are said to
suffer often from nervous symptoms, which may include
amanurosis and other grave affections.
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Those persons who are compelled to use their eyes
constantly upon minute objects frequently suffer from
defective vision. So engravers, watchmakers, seam-
stresses, are liable to near sightedness, amaurosis, and
irritation of the conjunctiva. Public speakers and
singers frequently suffer from catarrhal, or even par-
etic conditions of the throat, which usually disappear
on relinguishing the oceupation for a time.

Telegraph operators and copyists suffer from a
peculiar convulsive affection of the fingers, called
‘writer's cramp.’ Performers on wind instruments
are liable to pulmonary emphysema, on account of the
pressure to which the lungs are frequently subjected.
Boiler-makers often suffer from deafness, in conse-
guence of their constant existence in an atmosphere in
a state of continual violent vibration. The affection
is generally recognized as ‘boiler-maker’s deafness.’

YI.—DISEASES DUE TO A CONSTEAINED ATTITUDE AND
SEDENTARY LIFE.

It is probable that the large mortality and morbil-
ity rate of persons whose occupations keep them con-
fined within doors are due, next to the defective ven-
tilation, to the constrained attitude which most of
them necessarily assume. Thus, carvers, book-binders,
engravers, jewellers, printers, shoe-makers, book-keep-
ers and cigar-makers all have a low average duration of
life. It is found likewise that many of these artisans
suffer most from pulmonary and digestive troubles;
among the former being phthisis, and among the latter
constipation, dyspepsia and hemorrhoids.

VII.—DISEASES FROM EXPOSURE TO MECHANICAL VIO-
LENCE.

It will be seen by reference to the table on page 166.
that all persons whose oceupations involve an intimate



INDUSTRIAL HYGIENE. 189

contact with machinery, and in the pursuit of which
accidents frequently happen, have a short duration of
life. Persons liable to these dangers are machinists,
operatives in factories, workmen in powder mills, bag-
gage masters, brakemen, drivers, engineers, firemen,
and other workmen on railroads. Aside from the dis-
eases to which some of these classes are liable, in con-
sequence of exposure to variable atmospheric condi-
tions, the grave accidents to which they are so fre-
gquently exposed, render their occupations extremely
dangerous. Brakemen on freight railroads, for exam-
ple, are classed by insurance companies as the most
hazardous ‘risks,” and some companies refuse to take
them at all. The table on page 166 tends to confirm
the eonclusion of the insurance companies for exelud-
ing the class of ‘students’ which, for manifest rea-
sons, cannot be used as a comparison, brakemen have
the shortest average duration of life of all the occupa-
tions noted in the table.

[The student is referred for more complete infor-
mation on the subjects considered in the foregoing
chapter to the following works:

L. Hirt: Die Krankheiten der Arbeiter. EULEXBURG : Handbuch der
Gewerbehygiene. Laver: Hygiene des Professions et des Industries].



CHAPTER X.
MILITARY AND CAMP HYGIENE.

TnE subjects embraced in this chapter can be most
conveniently arranged under the following heads :—

I. The Soldier ; his Training, Food, Clothing and
Shelter.

II. The Diseases to which Soldiers are especially
liable.

I1I. Civilian Camps.

I.—THE SOLDIER AND HIS THRAINING.

The relations existing among different nations at
the present time, require that a standing army of great-
er or less number be maintained by each for the com-
mon safety. This being the case, it needs no argument
to prove that such an army should be composed of the
best material available in order that it may be depend-
ed upon for defense or offense when necessity demands
that it should be called into active service.

Hammond says with truth® that ‘a weak, mal-
formed, or sickly soldier is not only useless, but a pos-
itive incumbrance’ to an army. It is of the first
importance, therefore, to exclude from the military
service by a vigorous physical examination, all indivi-
duals whose physical condition is defective, who are
either suffering from, or predisposed to disease.

The foremost authorities on military hygiene' are
agreed that no recruit should be enlisted for actual
service before the twentieth year. Inthe English army
the lowest age at present is nineteen years, in Germany
twenty years, and in the United States twenty-one years.

"+ Hygiene, Philadelphia. 1863. p. 19,
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The limit of age upward is forty-five years, except in
cases of re-enlistments. The height of recruits must
be at least five feet four inches ; minimum chest meas-
urement 30 inches, with two inches expansion, and
weight from 120 to 180 pounds. In the cavalry service
the maximum weight is 1656 pounds. Every recruit
must be vaccinated before enlistment.

The physical examination of recruits before en-
listment must be made by a medical officer, whose
decision, in the United States army, is definitive. In
the German army the decision of the medical officer is
not final, but subject to revision by the recruiting offi-
cer, who may, if he sees fit, overrule the medical offi-
cer’'s opinion and enlist a man who has been decided to
be unqualified for the military service. In this, and
various other respects, such as pay, rank, and effective
power the Medical Staff of the United States army has
many advantages over that of most foreign armies.

II.—THE FOOD OF THE SOLDIER.

The army ration of the United States, which is
given below, approaches moderately near to the stand-
ard quantity of food for a healthy male adult.* The
daily allowance for each soldier is as follows :

12 oz. pork or bacon, or
20 “ fresh beef

16 * hard bread.

24 * beans or peas,or
1.6 “ rice or hominy.
1.6 “ green coffee, or
1.28 “ roasted coffee, or
24 “ tea.

24 " sugar.

A salt

04 “ pepper.

.04 gts. vinegar.

Although the food allowance in the United States
army is greater tha}n in the British army, the medical

* [ea Chapter ITT, p. 55,
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officers of our army insist that the ration furnished is
insufficient in quantity as well as not sufficiently varied
to fulfil the demands upon it during active service.

The money value of each of the above articles in
the ration is fixed by the government and may be
drawn Instead of certain of the articles, and other
articles of food purchased, and thus the dietary varied.
The money so drawn constitutes what is known as the
‘company fund.” In the hands of a judicious com-
manding officer, the company fund can be made a
source of great benefit and comfort to the men, but
that it is at times mismanaged or misapplied is well-
known to army surgeons.

Aside from the insufficient quantity of food fur-
nished to soldiers, the cooking, especially in temporary
camps, 1s often defective and causes digestive derange-
ments and consequent innutrition. A good cook
should be attached to every company.

THE CLOTHING OF THE SOLDIER.

The clothing of the United States soldier is toler-
ably well adapted toitsuses. It is generally well-made
of good, serviceable material. The only exception that
can be made with reason is that the foot-gear is not
made to individual measure, and hence peculiarities of
shape of the feet, cannot be taken account of. For
this reason painful affections of the feet are of frequent
occurrence, due to ill-fitting boots or shoes.

When on a march, the soldier carries his extra
clothing packed in a knapsack, and strapped upon the
back. His blankets and great coats are rolled into a
eylinder and strapped upon the knapsack. The weight
each soldier has thus to carry, in addition to his arms
and ammunition amounts to considerable. There is
reason to believe that the pressure produced by the
straps of a heavy knapsack, may cause not only dis-
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comfort, but actual disease. It is believed by many
officers that the knapsack could be abolished with
advantage, and the extra clothing rolled up in the
blanket, or a water-proof sheef, and slung over the
left shoulder.

THE D'WELLING OF THE SOLIDMEILR.

Soldiers are generally housed either in barracks,
huts, or tents. The former are usually the habitation
of the soldier in garrisons or permanent camps, while
huts and tents are used for the purpose of sheltering
the oceupants of temporary camps.

Barracks.—A military barrack is a one-story build-
ing constructed of stone, wood, or iron, or a combination
of these materials. The general plan of the barrack
comprises a large room for the beds of the soldiers, one
or more smaller rooms for the non-commissioned officers
of the company or squad, and a wash-room. The sleep-
ing room of the soldier is also his living or day room.
It is evident therefore that sufficient air space and good
ventilation must be provided, if the soldier’s health is
to be maintained. In England, 600 cubic feet is re-
commended fortheinitialair space. Inthe newbarracks
constructed in France according to the plans of M.
Tollet, 770 cubic feet are allowed to each occupant.

The special points of distinetion of the system of
Tollet, of which Schuster says that ‘to-it belongs the
future of barrack construction’ are: The frame of the
building is of lightiron ribs; the interspaces are walled
up with bricks or stone; the roof is slate; the ceiling
is arched and all corners are rounded to prevent lodg-
ment of dust.

Ventilation is provided by openings in the walls at
the edge of the roof for the entrance of fresh air, and
ridge ventilators. In France, barracks have bheen
built according to Tollet’s system at Bourges, Cosne,
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Macon and Autun. Although occupied but a short
time, it appears that the health of the soldiers remains
much better in them, than in the barracks constructed
on the old style. The system would seem also espe-
cially to lend itself to the construetion of hospitals.
The wash and bath-rooms of the barracks should be so
arranged as to encourage the soldier to cleanliness.
Where the only lavatory in a barrack is, as the author
has seen it, an open porch, men are not likely to spend
much time in cold weather in washing their faces and
hands, to say nothing of the rest of their bodies.

The kitehen and dining room should be detached
from the building serving as quarters; otherwise the
odors of the cooking will pervade the building.

The sinks or latrines should be placed at some dis-
tance from the-quarters and kitchen, and out of the
line of prevailing winds. The writer has personal
knowledge of a permanent military post within a few
miles of the city of Washington, where, only a few
years ago, (and for aught known to the contrary, at the
present day) ‘the rear’, or place of depositing excre-
ment, was about 75 vards distant from the kitchen and
men’s quarters, and directly in line, on the windward
side, with the prevailing winds!

Before erecting any buildings it is of course neces-
sary to endeavor to secure a clean and dry subsoil.
Attention is called to the principles underlying the
construction of dwellings, Chap. VI.

Tents and Huts.—The tents used in the army are
the hospital tent, the officers’ wall tent, the A tent and
the shelter tent, which is a modification of the last.
The conical or Sibley tent, which was frequently seen
in camps in the early part of the war between the
States, has gone out of nuse. Soldiers give the prefer-
ence to the shelter tent, which is light, each man’s
piece weighing only two pounds six ounces. Two
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pieces being joined together by buttons and button
holes, and thrown over a ridge pole supported upon
uprights, and the four corners fastened to pegs driven
into the ground, form a tent 4 feet high, 5 feet 6 inches
long, and having a spread at the base of between 6 and
7 feet. Such a tent will form a comfortable shelter for
two men, unless there should be strong winds or driv-
ing rains, when the ends could be closed by blankets,
brush, or an extra piece of shelter tent. The uprights
and ridge are steadied by short guy ropes, one of which
is furnished with each piece of the tent.

In winter, especially when camps of more or less
permanence are formed, the soldiers usually build log
huts. The interstices between the logs are plastered
up with mud or elay, and the roof is formed of canvas,
generally several pieces of shelter tent joined together.

The ground around the tent or hut should be
trenched in order to carry off the rainfall.

Cleanliness within and around tents or huts is of
the first importance, and should be enforced in all
camps by the proper authority. Military authorities
have long since learned that in the matter of cleanli-
ness of body, clothing or surroundings no dependence
can be placed upon the soldier. Frequent and thor-
ough inspections will alone secure proper cleanliness.

CAMP DISEASES. /

The soldier’s profession has been: aptly character-
ised by Ruskin as ‘the trade of being slain.” In the
late war between the States, the total deaths of the
Federal army numbered 279,659 ; over ten per cent. of
the entire number of enlistments. Of this number
however, 186,216, or nearly two-thirds died from dis-
ease, while the remaining 93,443, a small fraction over
one-third, were killed in battle or died from the effects
of wounds.
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Diarrhea and Dysentery.—The most fatal dis-
eases of camp life, especially in time of war, are diar-
rheea and dysentery. The statisticsof the Federal army
during the late war are given in the following table.*

Table I —Total Deaths from Diarrlea and Dysentery in the U. 8. Army,
Jrom May 1=t, 1861, to June 30th, 1866.

o e ——

WHITE TROOPS, FROM COLORED TROOI'S, FROM

MAY 12T, 1861, 10 JULY 15T, 1863, TO TOTAL.

JUNE $Ta, 1866, JUNE 30TH, 16566,

CASES, DEATHS, CARES.,  DEATHS, CTABEA. DEATHS,
Acute Diarrheea, 1,155.226 2923 113,801 1,368 1,269,027 4291
Chronic Diarrhoea, 170,488 27558 12,008 3278 182 586 30,836
Acute Dyzentery, 233,812 4,084 20,209 1493 259,071 5576
Chronic Dysentery, 25670 3,220 2781 626 28451 3,855
Total, - - 1,585,196 37,7&14 153,939 6,764 1,789,135 44,558

Owing to the fact that a considerable number of
deaths were reported without assigning any cause, Dr.
Woodward estimates the total number of deaths from
the above diseases at 57,265, or, in the proportion of
one death from diarrhocea and dysentery to three and
one-half deaths from all diseases. Among the prison-
ers of war held by the Confederate States in Anderson-
ville prison, where tolerably complete records were
kept, more than half the total deaths were from
diarrheea and dysentery, while the ratio of deaths to
cases of the above two diseases was a fraction over
seventy-six per cent. This frightful Illﬂl'tﬂ}.rit}" from
these two diseases, both in the prisons and among the
armies in the field is principally due to the insanitary
conditions surrounding the soldiers. Where the
demands of hygiene were especially ignored; where
the food was bad in quality, or badly cooked; the
water impure: the soil polluted by excreta and other
filth ; where the men were exposed to stress of weather
or to a paludal atmosphere—under these conditions,
the above diseases of the intestines prevailed in their
n*rea.teat extent and most fatal degree.

_ e e — 2 Ena

L ’ilmhr.ml am‘: "-ulmr.. 1l History of the War. Second Medical Volome, p. 2.
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Malarial Fevers.—The diseases due to the paludal
poison are exceedingly {requent among soldiers
encamped in malarial sections. During the civil waz
a very pernicious form of malarial fever received the
designation of the locality in which it prevailed, and
passed into the literature under the name of ‘Chicka-
hominy fever.” While malarial diseases were largely
represented in the morbility reports during the war,
the most serious results of the influence of the malarial
poison were manifested in its effects npon patients sick
with other diseases. Thus, typhoid fever, dysentery
or pneumonia in a patient saturated with malaria was
very much more serious than where this complication
was absent. In the malarial regions in the interior of
the country, the Mississippi Valley, and the Southern
portion of the Western territories, malarial fevers are
among the most prevalent camp diseases. Greater
attention in locating camps, and care devoted to drain-
ing the subsoil and maintaining a low level of the ground
water, would doubtless result in improvement in the
sickness-rate from this canse in the army.

Typhoid Fever.—Typhoid fever is prevalent in
camps and garrisons. As it may be propagated
through the medium of infected discharges of typhoid
patients, it will readily be perceived that neglect of the
precaution of promptly disinfecting such discharges
will almost inevitably result in spreading the disease,
either by direet inhalation of effluvia from the patient
or excreta, of pollution of the drinking water, or by
contamination of the soil and subsequently of the
atmosphere, by the intestinal discharges of the patient.

Phthisis.—Espeecially among troops in barracks,
phthisis is a very fatal disease. Formerly the mortality
from it was very heavy. Reecent improvements in the
hygiene of military posts, and greater care in selecting
recruits have very greatly diminished the death-rate
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from phthisis among soldiers. Acute pulmonary
affections, such as bronchitis, pleurisy and pneumonia
are comparatively frequent in camps, being due to
exposure.

Typhus Fever and Seurvy.—These two diseases
are at the present day comparatively rare as camp
diseases. They break out, however, on every occasion
when the laws of hygiene are violated by permitting
overcrowding, overwork, and under-feeding. This is
almost certain to occur during war, and hence, either
fully developed securvy, or a scorbutic taint are almost
constant accompaniments of an army in the field.
Among the allied armies in the Crimea, and in the
federal army during the war, scurvy and typhus fever
claimed a considerable share in the mortality.

Purulent Conjunctivitis.—This affection of the eyes
is frequent among soldiers. It has even been supposed
to be peenliar to soldier life, and has hence been termed
‘military ophthalmia.” It is contagious, and is prob-
ably most often spread by the use of basins and towels
in common. It is not merely annoying, but is a very
grave affection, often causing perforation of the cornea
and destruction of vision. The military surgeon
should be on the lookout for it, and promptly isolate
those infected.

CIVILIAN CAMPS.

The camps of civil life, whether established for
the purpose of furnishing a refuge to the inhabitants
of cities invaded by epidemic disease, yellow fever or
cholera, or whether for religious purposes (camp meet-
ings), or for recreation (hunting and fishing camps,
ete.), should be organised and managed on the same
principles as the military camp. The site should be
selected with judgment—a clean, dry soil, abundance
of wood and water being requisites for a healthy camp.
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A superintendent, or officer of the day should be
appointed, whose duty it is to carefully inspect the
camp daily, and compel the prompt removal of all filth
and offal from the immediate vicinity. Cleanliness of
person, clothing and household is as important while
‘roughing it’ in camp, as at home. Singularly this is
very often forgotten by very intelligent people.

The advantage of a well-administered refugee camp
in case of yellow fever epidemics has been clearly
shown by the brilliant success of the depopulation of
Memphis during the epidemic of 1879. This experi-
ment deserves imitation.

[The following works on Military and Camp
Hygiene shounld be studied in connexion with this
chapter:

SMART: The Hygiene of Camps; in Buck's Hygiene and Public Health,
Vol. [1 Worzesporrr: Armee-Krankeiten, in Realencyclopiidie d. ges.
Heik. Bd. I, p. 439 ScrusTEr: Kasernen, in Vox PETTENKOFER UND
ZremssEn's Handbuch der Hygiene, ILTh. 2. Abth. CameroN: Camps;
Depopulation of Memphis; Epidemics of 1878 and 1879. Public Health,
Vol. V, p. 152.]



CHAPTER XI.
MARINE HYGIENE.

THeE melancholy accounts of the mortality from
scurvy and typhus fever, which were formerly a part
of the history of so many naval and passenger vessels,
are happily now only records of the past. Oeccasion-
ally, however, carelessness of the authorities, or of
those responsible for the safety of people that ‘co down
to the sea in ships,” results in an outbreak of one or
other of these diseases even at the present day. Thus,
for the fiscal year ending June 30, 1882, seventy-one
cases of scurvy and purpura were reported by the
medical officers of the Marine Hospital service. It
appears that in only one instance (where six cases of
scurvy had occurred on one vessel) was any investiga-
tion ordered. A most superficial investigation showed
that the law relating to the issue of lime-juice had
been violated by the master of the vessel. No prose-
cution resulted. BSuch facts indicate that the laxness
in the enforcement of the regulations expressly made
to prevent this fatal disease, may be again followed by
outbreaks of greater or less gravity.

THE SAILOR AND HIS HABITS.

Although the sailor of the present day, especially
in the naval service, is morally and intellectually far
in advance of the ‘Jack Tar’ of former days, his life,
both afloat and ashore, leaves much to be desired on
the score of temperance, chastity, or purity of thought
and speech. The life of a sailor in the United States
Navy only thirty years ago, is thus graphically
described by Medical Director A. L. Gihon:* €A

* Thirty Years of Sanitary Progress in the Navy., Annual address to the Naval
Medical Society, Washington, 1854,
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motley crew, of whom Americans were a minority, and
Englishmen, Irishmen, Northmen, and ¢ Dagos’’ con-
stituted the far greater part. Some had just returned
from another eruise, having squandered or been robbed
of their three years’ pay by the landsharks, who
cajoled them, only half sober, to the rendezvous, to be
re-shipped, and thence to be herded, uncared for, on
the receiving ship, still popularly termed the ‘‘gunardo,’’
until drafted on board the first sea-going vessel. All
of them were in debt, most of them insufficiently elad,
and unable to properly outfit themselves. The wretched
herd, who were thus gathered from the purliens of
Water street, and North street, and South street, who
at night were kennelled worse than dogs, by day fed
like them—crouching on their haunches around greasy
mess-cloths, cutting with jack-knives or pulling to
pieces with grimy fingers the chuncks of ‘‘salt horse’
and ‘“‘duff’’ which made their daily fare, and which
later in the cruise were both spoiled and scanty,’ did
not constitute an elevating subjeect for contemplation.

‘Stint of good food,” continues Dr. Gihon, ‘was,
however, not the chief of the old-time shell-backs’
ocean trials. Fed like a brute, housed worse than one,
however faithfully his labors were performed, there
was for him only a long, dreary season of imprison-
ment. For him there was no glad holiday on shore,
when the land broke the monotony of the waste of
waters. The officers might rush pell-mell out of the
ship, but Jack could only strain his longing eyes upon
the green fields or busy sea-ports. Notwithstanding
the hardships of the voyage, the wretched food, and
the outbreaks of disease, the crew were confined eight
months on board ship, before ‘‘general liberty’ was
given, and then men and boys were sent on shore forty-
eight hours to indulge in a mad revel, and to return
crazed by rum, battered and bruised. The poor wretch
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first made ravenously hungry for dissipation by his en-
forced confinement, was then expected to be temperate
in the feast of indulgence offered him. and punished
with vindictiveness if he sought to gorge himself with
the poor semblance of pleasure. The ‘‘cat’ had been
abolished, but half a dozén boys strung upon the poop
“bucked and gagged’’ ; half a dozen men triced up by
their thumbs in the rigging ; each of the upright coffin-
like ‘¢ sweat boxes’ with its semi-asphyxiated inmate ;
the ““brig’’ with its bruised and bloated crew in irons ;
the main-hold with its contingent under hatches; the
sick-list swollen out of all proportion by inebriates,
injured men and venereal cases—these were the fruits
of the general liberty, which, within my professional
life represented the sum of sanitary interest in the
man before the mast.’

Under such cireumstances, little could be hoped for
in the way of personal advancement of the crew. The
labors, however, of the writer just quoted, and others
among whom may be mentioned Wilson and Turner of
the navy, and Woodworth, Hebersmith and Wyman
of the Marine Hospital service, have drawn prominent
attention to the unsanitary conditions of the sailor’s
life, and legal enactments have done much to elevate
him to his proper rank as a human being, entitled to
be treated with humanity at least.

The seaman in the navy now receives an abundance
of food, of good quality, usually well-cooked and
decently served. The sailor in the merchant service,
however, is still at the merey of inhuman masters, who
exact excessive service in return for insufficient food,
abuse, ill-treatment and miserable lodging.

THE PABSENGER.

During the ten years from 1870 to 1879 inclusive,
passenger vessels carried 1,561,126 passengers from
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foreign ports en route to New York city. The mean
duration of each voyage was 13.5 days. Out of the
above number of passengers 2,518 died on the voyage,
a death-rate of 1.61 per thousand for the voyage, and
43.5 per thousand per annum. These figures accentu-
ate the importance of sanitary improvement in passen-
ger vessels. The causes of this excessive mortality
among emigrants, for it is almost exclusively among
the passengers in the steerage, or ‘between decks,’ that
the deaths occur, are over-crowding, improper feeding,
defective ventilation, filthy personal habits, and ineffi-
cient medical attention when sick. Alchough over-
erowding is prohibited by statute, yet in every emi-
grant vessel that arrived in New York during the first
nine months of 1880, the number of passengers was in
excess of the number allowed by law.* The shorter
voyages and better sanitary conditions obtainable since
steamships, especially those built of iron, have come
into general use for the carriage of passengers, have
very much reduced the mortality on ocean voyages;
but as just shown, the death rate is still excessively
high, and many more improvements in the hygiene of
emigrant vessels and of passengers are desirable.

THE SHIP AS A HABITATION.

As a habitation for the sailor and passenger, the
ship demands the attention of the sanitarian. The
principal points in which he is interested are the con-
struction and ventilation of sleeping apartments, and
the means of keeping the entire ship clean and free of
water and impure air.

The keel is the foundation of the ship. Branching
out transversely from it are curved timbers, the ribs,
which with the keel constitute the ship’s frame. The
ribs are covered externally and internally with plank-
; * Turner : Hygiene of Emigrant Ships. Public Health, Yol. ¥I, p. 23,
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ing, and the spaces between the two coverings are the
frame spaces, which are usually partly filled with filthy
water, decomposing organic matter and foul air. The
water collects in the bottom of the vessel, the bilge,*
whence it is pumped out of the vessel. If the pump
ing is neglected the bilge water becomes very offensive,
and may cause disease in persons exposed to exhala-
tions from it. The frame spaces are rarely ventilated,
and hence are frequent sources of pollution of air on
board vessels.

The sleeping apartments of the crew of a merchant
vessel are in the forecastle, usually a dark, damp, un-
ventilated space in the bow of the vessel. On mawval
vessels the erew sleep on the berth-deck, which in the
rarest instances is properly lighted and ventilated.
The berth-deck is usually below the water-line. In all
but the best class of vessels in the U. 8. Navy, the air
allowance for each man is less than 100 eubic feet.

That a ship should above all be seaworthy, would
seem to require no argument. It is self-evident that a
leaky or rotten ship is at all times a highly dangerous
habitation; yet crews and passengers are almost daily
exposed to the perils of shipwreck in unseaworthy ves-
sels, both in the mercantile marine and naval service.t

‘Dampness, dirt, foul air, and darkness,’ says
Gihon, ‘are the direst enemies with which the sailor
has to battle when afloat.”t The first requisite for a
healthy ship is dryness. ‘A damp ship is an unhealthy
ship,” says Fonssagrives, the greatest anthority on na-
val hygiene. From official reports it appears that the
relative humidity of the berth-deck of vessels in the
U. 8. Navy is nearly always above 80 per cent., very

* Hence called bilge water.

+ Woopwonte . The Safety of Ships and those who travel in them. Public
Health, Vol. TIT., p. 79 et. seq.

$ Naval Hygiene. 3d Ed. p. 25,
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often rising to 90 and 95 per cent.* From the same
source it is learned that the class of respiratory dis-
eases furnished, with one exception, the largest amount
of sickness in the navy during the year 1880. It is the
concurrent testimony of all authorities in marine hy-
giene that the vicious custom of daily drenching the
decks with water, under the plea of cleanliness, is
mainly responsible for this excessive moisture and its
results. It is, therefore, one of the most important
aims of marine hygiene to curtail this practice. Gihon
recommends that the decks be coated with shellac to
make them non-absorbent, and to wet them as rarely
as possible, consistent with cleanliness.

The ship should be elean and well ventilated. FEi-
forts to keep a ship elean should not be expended upon
the decks only: the occupied apartments below the
hatches, the bilges and frame-spiaces should receive
especial attention from the sanitary inspeector. It is
frequently necessary to remove the tlooring of the ves-
sels in order to expose the accumulations of filth, which
often make an infected ship synonymous with a dirty
ship. To disinfect a dirty ship, steam forced into the
hold under pressure, after the filth has been cleaned
out, gives the most satisfactory results. Sulphur and
chlorine are next in efficiency. Solutions of sulphate
of iron or chloride of zinc may be poured into the
bilges to prevent decomposition.

It has been estimatedt that a minimum of 400 cu-
bic feet of air-space, with facilities for thorough ven-
tilation, should be allowed to each person aboard ship.
It is safe to say that no vessel that floats gives to her
passengers or crew the advantages of such conditions.
Ventilation of the holds and bilges, and of the spaces
between the timbers or ribs, ‘intercostal ventilation,’

* Report of Surgeon-General of the Navy, Washington, 1850,
Hygiene of Emigrant 8hips, Public Health, Vol. V1, p. 2.
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as Turner ealls 1t, 1s especially necessary. Any system
of ventilation that does not contemplate the removal
of the foul bilge air, is nnworthy of consideration by
the sanitarian. The system briefly described in chap-
ter 1., p. 27, seems to fully meet the demands.

All parts of the vessel nsed as habitations or sleep-
ing apartments should receive sufficient sunlight. At
present, very few vessels have the quarters of the crew
so disposed as to admit any sunlight at all.

In the fire-rooms of steamships, especially on that
class of naval vessels termed monitors, the tempera-
ture often rises so high as would seem to render con-
tinued existence in it impossible. Gihon states that
the average temperature in the fire-room of the moni-
tor Dictator, is 145° F., while Turner states that in a
vessel the average fire-room temperature was 167° F.#
The stokers frequently suffer from heat-stroke, and in
a very large proportion of cases from heart disease.

Lavatories and bathing facilities should be fur-
nished on vessels for passengers and crew, and both
should be compelled to keep their bodies and clothing
clean.

DISEASES ON SHIPBOARD.

The diseases most liable to attack persons on ship-
board are: Diseases of the respiratory organs, mala-
rial diseases, digestive disorders, securvy, typhus fever
and skin diseases; and where the infection has been
conveyed to the vessel by other persons, or by formites:
yellow fever, cholera, small-pox and venereal diseases.

Most of these affections ean be prevented by proper
measures of hygiene, as demanded by the conditions
deseribed in this chapter, or by the enforcement of the
following regulations:

Inspection of crews and passengers should be made
compulsory before shipment. Persons suffering from

* Bock's Hygiene and Pablic Health, Vol. I1., p. 180,
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contagious or infectious diseases should not be taken
on board.* In order to make this provision effective,
the history of the individual for two weeks prior to
his application for shipment should be known to the
inspecting officer. Passengers should possess bills of
health from the local authorities at their homes, in
order that the presence or absence of such diseases as
small-pox, yellow fever, cholera or plague may be es-
tablished by the inspector. Cholera has always been
introduced into this country by immigrants. Everybody
admitted to the ship should be vaccinated. During
several years past a number of epidemics of small-pox
have been traced to foreign immigrants who had not
been properly vaccinated.

Sailors should be submitted to a close personal
inspection, and those suffering from venereal diseases
should be rejected. The usual history of the cases is,
that they soon go on the sick-list, and thus become an
incumbrance instead of an aid on the vessel. These
inspections should not be restricted to examinations
for venereal diseases, but individuals incapacitated for
the performance of a seaman’s duties by any cause,
should be rejected. This precaution would unques-
tionably reduce the number of marine disasters directly
traceable to deficiency in the working force on board
vessels. In this country the services of the medical
officers of the Marine Hospital service, might be made
available to carry out these inspections.

All sailors are liable to be placed in positions,
where the prompt and accurate distinction of colors
becomes necessary, hence all color-blind individuals
should be rejected as seamen. The inability to dis-
tingnish colors has often been the cause of grave

* Gihon relates an instance where a man suffering from parotitis was transferred
from the hospital of a receiving ship to a vesszel going to sea. The disease was eom-
municated to more than seventy of the crew of the latter vesseal,
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accidents at sea. Pilots can no longer obtain a license
unless they satisfactorily pass an examination with
reference to their ability to distinguish colors.

[The following works contain more detailed infor-
mation upon the subject treated in the foregoing
chapter :

A. L. Gimox : Practical Suggestions in Naval Hygiene, 3rd Ed., Wash-
ington, 1873. T. J. TursER: Hygiene of the Naval and Merchant Marine;
Buek's Hygiene and Public Health, Vol II.  WarnTter Wysmax: Hygiene o
Steamboats on the Western Rivers. Report of Supervising Surg. Gen'l, M:
H. Service for 1882. Annual Reports of the Surgeon General of the Navy
for 1879, 1880 and 1881. Various papers by J. M. WoopworTH, A. L.
GiaoN, T. J. TorveEr, HenersmiTe, and A. N. BELL, in Public Health,
Vola. I, ILI and VL]



CHAPTER XII.
PRISON HYGIENE.

ArrtHovucH the frightful mortality which formerly
seemed a mnecessary accompaniment of the life of the
convict has in the past half century markedly dimin-
ished, the death rate among prisoners is still very
greatly in excess of that of persons of the same age in
a state of liberty.

The observations and labors of John Howard, the
self-sacrificing philanthropist, in the latter half of the
last eentury, and of Elizabeth Fry, in the first half of
the present, directed the attention of legislators to the
necessity of reform in the conduct of prisons and the
treatment of prisoners. Asa consequence of the labors
of these reformers, the principles of prison discipline
have been more fully developed during the past forty
years by students of social science everywhere, and
certain propositions have been formulated, which gov-
ern, to a greater or less degree, legislation upon this
subject. These propositions are, briefly, as follows :

Prisoners must be properly classified, according to
the nature of their crime and the duration of impris-
onment.

The two sexes must be strictly separated, and no
opportunity given for intermingling while in the prison.

Female prisoners should have female attendants
exclusively. Male watchmen or other attendants should
not be allowed in the female department of a prison.

All prisoners must be kept employed at some man-
ual labor, not necessarily for profit, but as an agency
in the moral reformation of the convict.

Punishments for infractions of discipline must not
be excessive.



210 TEXT-BOOK OF HYGIENE.

Efforts should be constantly made tending to the
reclamation of eriminals from their life of sin and erime.

Due care must be taken by the State to preserve
the health and life of the prisoner whom the State has
deprived of liberty, and the opportunity of taking care
of himself.

A proper classification of prisoners, according to
the degree of their eriminality, the nature of the crime
of which they have been convicted, or the length of
time for which they have been sentenced, is now
insisted upon by all students of prison diseipline. As
this subject more mearly concerns the social or legal
relations of prisoners rather than their sanitary inter-
ests, it is here passed over with a mere mention.

The separation of the sexes, necessity of female
attendants on prisoners of the same sex, employment
of prisoners, and moral reformation of eriminals like-
wise belong especially to the social aspects of the ques-
tion, and can find no discussion in this place.

Regarding the remaining proposition, however,
that which demands that the State shall exercise due
care over the prisoner’s health, it comprises a question
that demands consideration in a text-book on hygiene.

There is now a general concurrence of opinion that
the State, in depriving any person of liberty, has no
right to subject the individual suffering such depriva-
tion to any danger of disease or death. In other
words, the State has no right to abbreviate the life
of the convict sentenced to prison. This proposition
requires that the State see to it that the prisoner is
well-fed, well-clothed and well-housed ; that he shall
be well-cared for when sick, and that when his term of
imprisonment expires, he shall be set at liberty, with
only such effect upon his normal expectation of life as
wonld result from the ordinary wear and tear of life
upon his health.
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It must be confessed, however, that the State is
very far short of attaining this object. The mortality
of conviets, even in the best regulated prisons, where
especial attention is paid to the sanitary requirements
of such buildings, is three times as great as among
workmen in mines, confessedly one of the most danger-
ous occupations. If insurance companies desired to
insure the lives of prisoners, the companies would be
obliged, in order to secure themselves against loss, to
make the premium equivalent to an advance in age of
twenty years. This means that a free person has as
long an expectation of life at forty years as a priconer
has at twenty. Attention is again called to the fact,
that the conditions in the most favorably situated and
liberally managed prisons only are here considered.
‘What the results are in other institutions, less favora-
bly constructed and managed, will be apparent from
- the following brief statement. Mr. George W. Cable
has shown* that in some of the prisons in the southern
States, under the vicious lease system, the mortality is
eight to ten times greater than in properly constructed
and managed prisons elsewhere. In Louisiana, for
example, 14 per cent. of all the prisoners died in 1881 ;
and in the convict wood-cutting camps of the State of
Texas, one-half of the average number so employed
during 1879 and 1880 died.

The mortality of prisoners 1s greatest in the
second, third and fourth years of their confinement.
In Millbank prison, in England, the death-rate per
thousand was 3.05 in the first year, 35.64 in the second,
52.26 in the third, 57.13 in the fourth, and 44.17 in
the fifth years of imprisonment.

The diseases most frequert among prisoners are
pulmonary phthisis, and diseases of inanition, mani-
fested by general dropsy. Consumption furnishes from

* Century Magazine, Fabruary, 1854,
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40 to 80 per cent. of all deaths. When prisoners are
attacked by acute febrile, or epidemic diseases (small-
pox, cholera, dysentery), the mortality is much higher
than among persons in a state of liberty. This fatality
is due to an anemic or cachectic condition, which has
been called ‘the prison cachexia,” a depravement of
constitution which yields readily to the invasion of
acute diseases.

Prisons should be built upon a healthy site, be
properly heated and ventilated, have an abundant
water supply, and facilities for a prompt and thorough
removal of sewage. DBaths and lavatories should be
conveniently arranged, in order that thorough cleanli-
ness can be enforced.

The problem of feeding prisoners requires careful
study. The food should not merely be sufficient in
quantity and of good quality, but it should be well-
cooked, and the bill of fare varied often, in order to
avoid creating a disgust by an everlasting sameness.
Prisoners often suffer from nausea and other digestive
derangements, brought on solely by the monotonous
character of the daily food.

In work-shops and sleeping-rooms, dormitories or
cells, the cubic air-space allowed to each inmate should
not be less than 600 cubic feet, with proper provision for
ventilation. The use of dark or damp cells as places
of confinement is a relic of the barbarism in the treat-
ment of conviets against which John Howard raised
his voice so effectively in the last century. An abund-
ance of sunlight should be admitted into every room
in which a human being is confined.

An important hygienic measure is daily exercise -
in the open air. It should be regularly enforced, and
its modes frequently varied in order that it may not
degenerate into a mere perfunctory performance.
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Punishment for infractions of the prison-disecipline
should be inflicted without manifestation of passion,
and only under the immediate direction of some official
responsible to the State. It is quesl:iﬂnab]e whether
physical punishments, such as whipping, tricing up by
the thumbs with the toes just touching the floor, buck-
ing and gagging, and similar barbarities should be per-
mitted under any condition. The permission to exer-
cise such power is extremely liable to be abused by
officials. The system of leasing out prisoners to pri-
vate parties, which prevails in some of the southern
United States is vicious in the extreme, because it
places the convict under the control of persons not
responsible to the State, and in the majority of instan-
ces, morally unfitted to wield the power of inflicting
punishment.

[The following works on Prison Hygiene and Prison
Reform are recommended to the student:

A. Bagr: Gefiingniss-Hygiene,in VoN PETTENEOFER UND ZIEMBREN'S
Handbuch der Hygiene, IL. Th.,2 Abth. Trans. International Penitentiary,
Congress, London, 1882. Trans. National Prison Association, Baltimore,
1872. G. W. CaBLE: The Uonvict Lease System in the Southern States,
Century Magazine, February, 1884.]



CHAPTER XIII.
EXERCISE AND TRAINING.

The healthy functions of the bodily organs can
only be maintained by more or less constant use. A
muscle, or other organ that is unnsed soon wastes away
or becomes valueless to its possessor. On the other
hand, trained use of the various organs makes them
more effective for the performance of their funections.
Thus, by practice, the eye can be trained to sharper
vision, the ear to distingnish slight shades of sound,
the voice to express varying einotions, the tactile sense
to accurately appreciate the most minunte variations of
surface and temperature, and the hand to greater steadi-
ness, or the performance of difficult and complex feats.
The effectiveness of other organs, muscles, or groups of
muscles ean alse be increased by systematic training,
as is seen in the athlete and gymnast.

PHYSIOLOGICAL EFFECTS OF EXERCISE.

When a muscle contracts, the flow of blood through
it is increased. Hence, contraction of a muscle, which
consumes or converts stored-up energy, at the same
time draws upon the cirenlation for a new supply of
food-material to replace that consumed. The activity
of the cireulation through a mnsele in action, results
in increased nutrition and growth of the mnuscle.

During muscular action, the activity of the respi-
ratory process is increased. A larger quantity of air
is taken into the lungs, more oxygen is absorbed by the
blood, and an increased elimination of earbonic aecid,
takes place. The experiments of Pettenkofer and Voit
show that while in a state of rest, the average absorp-
tion of oxygen in twelve hours amounted to 5,771.56
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grains, during work the amount reached 8,410.44 grains,
For the same period the elimination of carbonic acid
was: during rest, 8 825.25 grains, during work, 13,217.50,

Upon the cirenlation, muscular exercise likewise
exerts a manifest influence. The action of the heart is
increased both in foree and frequency, the arteries
dilate, and the blood is sent coursing through the system
more rapidly than when the body is at rest.

Cutaneous transpiration is also promoted by mus-
cular exercise. It is probable that in this way some
of the effete matters in the system are removed, being
held in solution and carried through the skin in the
perspiration.

PHYSICAL TRAINING.

There can be no gquestion that systematic training
of the muscles has a favorable influence npon health
and longevity. Persons who are actively engaged in
physical labor, other things being equal, are healthier,
happier, and live longer than those whose ocenpation
makes slight demands upon their muscular system.
In default of an active occupation the latter class is
forced, if good health is desired, to adopt some form of
exercise which will eall the museles into activity.

The prineipal methods of physieal training are,
walking or running, rowing, swimming, and the various
in-door gymnastic exercises. Rapid walking or run-
ning is one of the best methods of physical exercise,
for not only are the museles of the legs and thighs
developed, but the capacity of the chest is increased—
one of the principal objects of physical training. By
combining walking with some form of in-door gymnas-
tics, such as practice with the dumb-bells, Indian clubs,
rowing machine, or pulley weights, nearly all the good
effects of the most elaborate system of training can be
obtained.



216 TEXT-BOOK OF HYGIENE.

For the gymnastic exercises, various forms of use-
ful labor may be substituted with advantage, such as
wood-chopping or sawing, or moderate work at any
physical labor.

The scheme of studies in onr public school system
should include physical training for both sexes. This
is a question not merely of individual, but of national
importance. Weak and unhealthy children are not
likely to grow up into strong and healthy men and
women ; and the latter are necessary for the perpetuity
of the nation. The time seems to have arrived when
physical education should no longer be looked upon as a
whim of unpractical enthusiasts and hobby-riders, but
as an indispensible element in every school curriculum.

There is a tendency among instructors in physical
training to make their systems too complicated, or
dependent upon expensive or cumbersome apparatus.
This is to be deprecated. All the muscles of the body
can be called into action by very simple exercises, easily
learned, and readily carried out.

An important preliminary to all methods of frain-
ing, is a thorongh physical examination of the pupil
by a competent physician, in order to determine
whether certain exercises are allowable. Forexample,
in all organic heart affections, exercises of a violent
character must be interdicted. A boy or man with val-
vular disease of the heart, cannot run, row or swim
with safety. The organ is easily overtasked in this
condition and liable to fail in its function.

One of the simplest and best methods to cause the
pupil to assume a correct position of the body, and to
acquire ease and grace in his movements, is to teach
him the ‘setting up,” as practiced in the U. 8. army.*

In walking, a free, swinging step should be ac-
quired, with the head erect, shoulders thrown back

#= Uprox'e Infantry Tacties. School of the Soldier, lesson I.
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and chest well to the front, the whole body from the
hips upward inclining slightly forward. The clothing
should be loose around the upper part of the body, in
order not to interfere with the freest expansion of the
chest, and to give the lungs and heart ample room for
movement. Even in-door gymnastic exercises alone,
when practiced under intelligent supervision, will
accomplish very favorable results, as shown by the fol-
lowing table:
TABLE 1.

Showing average stale of development on admission to gymnasium ; average state
of growth and development after siz months' prasticing two hours a week, and
average increase during that time. (Bowdoein College Gymnasium, under Dy,
D. A. Sargent. 200 students from the classes of 1873-T7, inclusive. Average
age, 18.3 years.)*

ON ADMISSION.  AFTER § MONTHS' PRACTICE. AVERAGE INCREASH.
Height, - - b ft. B in. b ft. 8 +1n. 4in.
Weight, - 185 1bs. 137 lbs. 2 1bs,
Chest (inflated), 35 in. 36% in. 1% in.
Chest (contracted,) 32} in. 33 in. 1in.
Forearm, - 10 in. 10% in. §in.
Upper arm (flexed,) 11 in. 12 in. 1 in.
Shoulders (width), 15% in. 163 in. % in.
Hipa, - - 813 in. 33% in. 2% in.
Thigh, - 194 in. 21 in. 14 in.
RN = =y 12T 0T 13% in. % in.

OVER-EXERTION.

However necessary for the preservation of health
physical exercise may be, over-exertion should be care-
fully avoided. Over-strain and hypertrophy of the
heart are often results of excessive exertion. Dr. Da
Costa has described a form of ‘irritable’ and weak
heart occurring especially among soldiers, which he
has clearly traced to over-exertion. Severe labor and
violent athletic exercises have been followed by like
serious resunlts. Long distance pedestrianism has fur-
nished within recent years quite a number of individ-

* Apparatus msed: Weights, 10-16 1bs.; Dumb-bells, 214 1bs.; Indian Clubs, 344
1bs.; Pulleys.
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uals who were broken down in health by the excessive
strain on the physical organisation involved. (Cardiac
strain is not infrequent among this class.

Spasm, paralysis, or atrophy of muscles sometimes
results, when these are exhausted by uninterrupted or
excessive exercise. This effect is shown by writer’s
and telegrapher’s eramp, and similar affeetions. For
these reasons it is important that both exercise for
health and actual work should be so regulated as to

conduce to the individual’s benefit, and not to his
detriment.

[On the subjects embraced in this chapter the fol-
lowing works may be studied with advantage :
A Brayros Barn: Physical Exercise, in Buck's Hygiene and Pub-

lic Health, Vol. T WM. Braikie: How'to Get Strong and How to Stay So.
A. MACLAREN : Training in lheory and Practice.]



CHAPTER XIV.
BATHS AND BATHING.

TrE most important sanitary object of bathing is
cleanliness. A secondary object of the bath is to
stimulate the funections of the skin, and to produce a
general feeling of exhilaration of the body. Baths
are used of various temperatures. A cold bath has a
temperature of from 40° to 75° (Fahr.); a tepid bath
from 75° to 85°; a warm bath from 85° to 100°; and a
hot bath from 100° to 110.°

Tepid, warm, or kot baths are nused principally as
cleansing agents, or as therapeutic measures. They
canse dilatation of the cutaneous ecapillaries, diminish
blood-pressure, and reduce nervons excitability. The
hot bath is also a method for restoring warmth to the
body in certain cases of shock, or to remove the imme-
diate effects of injuricus exposure to low temperature.

The so-called Russian and Turkish baths, so popu-
lar in the larger cities of this country, are modifications
of vapor and hot-air baths, or rather combinations of
these with cold baths. The Turkish bath is especially
to be recommended for its depurative and invigorating
effects.

Cold baths are used not merely for their cleansing
effects, but prineipally for their stimulating eflects
upon the system. When first plunging into a cold
bath, there is usually a momentary shoek, the respira-
tion is gasping, and the pulse is inereased in frequency.
These symptoms disappear in a few moments however,
and reaction follows. To a healthy person a cold bath
is a delightful general stimulant, removing the sense
of fatigue after physical exertion, and causing an
extremely refreshing sensation throughout the body.
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As a therapeutic measure, the cold bath has a wide
field of usefulness. For the reduction of the bodily
temperature in fevers, and inflammatory diseases, and
especially in heat-stroke, it is more prompt and
effective than any other agent at the command of the
physician.

Sea Bathing.—The most stimulating form of the
cold bath is doubtless the salt-water bath as taken at
the sea-shore. The revulsive effect of the impact of
the waves and breakers upon the skin, and the stimu-
lation due to the saline constituents of the sea-water
heighten the invigorating effects of the simple cold
bath. The beneficial results of sea-bathing are, how-
ever, not entirely due to the bath, but are to a great
degree dependent upon the bracing air of the sea-shore,
absence of the care and anxieties of business, and the
temporary change in food and habits that a residence
at the sea-side involves. INevertheless, salt-water
baths are more stimulant to the skin than those of
simple water, and part of the good effects of sea-bath-
ing can often be obtained from a salt-water bath taken
at home. The following mixture of salts dissolved in
about thirty gallons of water for one bath, makes a
fairly good substitute for a sea-bath:

Take of Chloride of Sodium (common salt), - 9 lba
Sulphate of Sodium {Glauber 3 salt}, - 4 2
Chloride of Calcium, - = g u
Chloride of Magnesiom, - - - - 3§ “

There is a prevalent popular belief that it is
extremely dangerous to enter a cold bath when heated
or perspiring. The author is of opinion that this
belief is erroneous. The stimulant and bracing effects
of the cold bath are most manifest if it be taken while
the individual is very warm or bathed in perspiration.
Several years ago the author made a series of observa-
tions upon himself to determine the effects of the cold
bath when the body was very warm. Every afternoon
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a free perspiration was provoked by a brisk walk of
about a mile and a half in the sun. As soon as the
clothing could be cast off, and while the body was still
freely perspiring, a plunge was taken into a fresh-water
bath of about 60° Fahr. No ill results followed; on
the contrary, the sensation immediately following the
bath, and for six or eight hours afterward was exceed-
ingly pleasant. The health remained perfect, and the
weight decidedly increased during the two months the
practice was continued. There is probably no danger
to a healthy person in this practice, but it is considered
advisable to immerse the head first (‘take a header’),
to avoid increasing the blood-pressure in the brain too
greatly, which might result if the body were gradually
immersed from the feet upward.

REULES FOR BATHING.

The following series of rules have been issued by
the English Royal Humane Society, and are well worth
observing by bathers:—‘Avoid bathing within two
hours after a meal. Avoid bathing when exhausted by
fatigue, or from any other cause. Avoid bathing when
the body is cooling after perspiration. Avoid bathing
altogether in the open air, if, after having been a short
time in the water, there is a sense of chilliness, with
numbness of the hands and feet; but bathe when the
body is warm, provided no time is lost in getting into
the water. Avoid chilling the body by sitting or
standing undressed on the banks, or in boats, after
having been in the water. Avoid remaining too long
in the water, but leave the water immediately if there is
the slightest feeling of chilliness. The vigorous and
strong may bathe early in the morning on an empty
stomach. The young and those who are weak had
better bathe two or three hours after a meal; the best
time for such is from two to three hours after breakfast.
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Those who are subject to giddiness or faintness, or
suffer from palpitation or other sense of discomfort at
the heart, should not bathe without first consulting
their medical adviser.’

To these instructions may properly be added that
a warm or hot bath should be avoided, if the person 1s
liable to exposure to cold within a few hours after the
bath; that women should, as a rule, not take a cold
bath while menstruating, or during the last two months
of pregnancy, and that persons suffering from organie
heart disease should especially avoid surf-bathing.

After bathing, the body should be thoroughly
dried with soft towels, otherwise eczematous eruptions
are liable to follow in the parts subjeet to friction from
opposing surfaces of the skin, as in the groins, the
perineum and inner surface of the thighs, the armpits,
or the under surface of the breasts, in women in whom
these organs are large and pendant.

Friction of the skin with a coarse towel, or so-called
‘flesh brush’ is a popular practice, but is not to be
universally commended. The hyperemia of the surface
thus produced may sometimes induce cutaneous
diseases (erythema, eczema, psoriasis,) in those predis-
posed. '

DANGERS OF COLD BATHING.

One of the most serious dangers of cold bathing,
but which is not sufficiently appreciated, is the ten-
dency to nausea and vomiting if the stomach contains
much food. There can be no doubt that many of the
cases that are called ‘cramp,” and which frequently
result in drowning, are due to this cause.®

Cramps of various mmuscles sometimes occur,
rendering the bather helpless, and if in deep water he
is liable to drowning before assistance can reach him.

-

# 8o far as the anthor is aware, De. Joax Mogrris, of Baltimore, first called
eggpecial attention to this source of danger,

e e =
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HOW T0O RESTORE THE APPARENTLY DROWNED.

In drowning, death takes place by asphyxia. The
respiration is arrested by the submersion of the head,
the earbonised blood gradually poisons the system, and
the heart ceases to beat. So long as the heart will
react to its appropriate stimulus, the person may be
restored to life. The first thing to do therefore after a
recently drowned person is taken out of the water, is
to attempt to re-establish the arrested respiration.
Several methods are in use for this purpose. Sylves-
ter’s is one of the simplest. It is as follows:

The body being placed on the back (either on a flat
surface, or better, on a plane inclined a little from the
feet upward), a firm eushion, or similar support (a coat
rolled up will answer) should be placed under the
shoulders, the head being kept in a line with the trunk.
The tongue should be drawn forward to raise the
epiglottis and uncover the wind-pipe. The arms should
be grasped just above the elbows and drawn upward
until they nearly meet above the head, and then at
once lowered and replaced at the side. This should be
immediately followed by pressure with both hands
upon the belly, just below the breast-bone. The pro-
cess is to be repeated fifteen to eighteen times a minute.

Several years since the Michigan State Board of
Health published a method which is comprehensive,
effective, easily understood and readily carried out.
This method has also been adopted by the U. S. Life
Saving Service. The following are the details of the
‘Michigan method’:

RuLE 1.—REMOVE ALL OBSTRUCTIONS TO BREATH—
ING. JInstantly loosen or cut apart all neck and waist
bands; turn the patient on his face, with the head
down hill; stand astride the hips with your face
toward his head, and locking your fingers together
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under his belly, raise the body as high as you can
without lifting the forehead off the ground, and give
the body a smart jerk to remove mucus from the throat
and water from the windpipe, hold the body suspended
long enough to slowly count one—two—three—four—five,
repeating the jerk more gently two or three times.

Rure 2.—Place the patient on the ground face
downward, and, maintaining all the while your position
astride the body, grasp the points of the shoulders by
the clothing, or if the body is naked, thrust your
fingers into the armpits, clasping your thumbs over the
points of shoulders, and raise {he chest as high as you
can without lifting the head quite off the ground, and
hold it long enough to slowly count one—itwo—ithree.
Replace him on the ground with his forehead on his
flexed arm, the neck straightened out, and the mouth
and nose free; place your elbows against [the inner
surface of| your knees and your hands upon the sides
of his chest over the lower ribs and press downward and
inward with increasing force long enough to slowly
count ome—fwo. Then suddenly let go, grasp the
shoulders as before, and raise the chest; then press
upon the ribs, ete. These alternate movements should
be repeated ten or fifteen times a minute for an hour
~ at least unless breathing is restored sooner. Use the
same regularity as in natural breathing.

RuLE 3.—After breathing has commenced, resfore
the animal heat. Wrap him in warm blankets, apply
bottles of hot water, hot bricks, or anything to restore
heat. Warm the head nearly as fast as the body, lest
convulsions come on. Rubbing the body with warm
cloths or the hands and slapping the fleshy parts
may assist to restore warmth and the breathing also.

If the patient can surely swallow, give hot coffes,
tea, milk, or a little hot sling. Give spirits sparingly,
lest they produce depression.
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Place the patient in a warm bed, and give him
plenty of fresh air. Keep him quiet.

BeEwARE! Avwoid delay. A moment may turn the
scale for life or death. Dry ground, shelter, warmth,
stimulants, ete., at this moment are nothing—artificial
breatlhing is everything—is the one remedy—all others
are secondary. Do nol stop to remove wel clothing.
Precious time is wasted, and the patient may be fatally
chilled by exposure of the naked body, even in summer.
Give all your attention and efforts to restore breathing
by forcing air into, and out of, the lungs. If the
breathing has just ceased, a smart slap on the face, or
a vigorous twist of the hair will sometimes start 1t
again, and may be tried ircidentally. Before natural
breathing is fully restored, do not let the patient lie on
his back unless some person holds the tongue forward.
The tongue by falling back may close the windpipe and
cause fatal choking.

Do not give up ltoo soon; you are working for life.
Any time within two hours you may be on the very
threshold of success without there being any sign
of it.*

PUBLIC BATHS.

In all large cities and towns, provision should be
made for free public baths, conducted under official
supervision, and for the especial use and benefit of the
poorer classes. General cleanliness is not merely a
factor in the preservation of the public health, but
there is good reason to believe that the cause of good
order and decency would likewise be promoted, by fur-
nishing the public the means of easily and cheaply
keeping clean. Several of the larger ecities in the
country have established public baths upon a limited

= Roport Michigan State Board of Health, 1874, p. 91-89.






CHAPTER XV.
CLOTHING.,

Tne primary object of clothing is the protection of
the body against injurious influences of heat, cold and
moisture. Secondarily, the moral sense of civilised
communities demands that the nude human body shall
not be exposed in public. Hence, there are moral as
well as sanitary reasons for the wearing of clothing;
only the latter can be considered in this place.

Bodies radiate or absorb heat, accordingly as they
are surrounded by a medium having a lower or higher
temperature than themselves, In order, therefore, to
avoid chilling of the human body, if exposed to a tem-
perature below 98° Fahr., clothing must be worn to
prevent or retard radiation of the body-heat. Expos-
ure of the unprotected body to a low temperature
would not merely cause chilling of the surface, owing
to the rapid loss of heat, but would incidentally pro-
duce congestion of internal organs, by causing con-
striction of the superficial capillaries. :

Clothing is also worn as a protection against great
heat. The head, especially, needs protection from the
sun’s rays.

CLOTHING MATERIALS.

The materials from which clothing is made are,
principally, cotton, linen, wool, silk, and the skins of
animals. Of these, probably the most universally used
is cofton. It is cheap, durable, does not shrink when
wet, absorbs little water, and conducts heat readily.
It is, therefore, especially valuable for summer gar-
ments, allowing rapid dissipation of the body heat and
évaporation of the perspiration.
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Linen conducts heat even better than cotton, and
is for this reason largely used for summer clothing.
[ts principal advantage over cotton is, that it is more
durable, and less harsh to the skin.

Wool absorbs water readily and is a bad conductor
of heat. It 1is, therefore, valnable as a winter garment,
retarding radiation from the body. Woolen under-
garments should be worn at all seasons, in order to
prevent too rapid changes of the surface, and so invok-
ing diseases depending upon chilling of the body.
Clothing of pure wool (flannels), are liable to irritate
the skin of some persons. A mixture of wool and
cotton, known as ‘Saxony wool,’ is softer and less irri-
tating, and makes a serviceable substitute for pure wool.

Silk is often used for undergarments. It is light,
soft, and a bad conductor of heat.

The skins of animals, with the fur on, are often
used for outside clothing. They furnish great protec-
tion against severe cold. The skin is impermeable to
wind and rain, while the thick, pilous covering of fur
retards to a very great degree the radiation of heat.
In British America, the northwestern States and Ter-
ritories and in the aretic regions, the use of skin cloth-
ing is necessary for comfort. .

As a protection against moisture (rain and snow),
rubber cloth is used for overcoats, etc. While it serves
effectually in Keeping out the rain, it prevents evapor-
ation of the perspiration, increasing the liability to
chill, and rendering the person wearing it very uncom-
fortable, except in cold weather.

Leather is used almost exclusively in the manufac-
ture of foot-wear. It is sometimes used, however, for
nther articles of clothing, such as coats, trowsers, etc.
it furnishes most effective protection against cold.

The color of the clothing is of great importance.
Exposed fo the sun, white wool or silk absorbs very .
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little more heat than linen or cotton, but the same
material, of different colors, when exposed to the sun’s
rays, exhibits marked differences in absorptive capac-
ity. The following table shows the results of some
experiments of Pettenkofer. The material used was
cotton shirting of the colors named :

White ah=orhed = - 100 heat units.
Light Snlphur Yellow absorbed 102 .
Dark Yellow abzorbed - 141) L
Light Green alsorbed - 155 s
Turkey Red ahsorbed - 165 “
Dark Green absorbed - 168 g
Light Blue absorbed - 193 g
Black absorbed - - 208 -

When protected from the sun’s rays, however, the
material becomes important and the color is of little
consequence. Wool, being a bad conductor of heat,
retards radiation from the body, and is hence the besi
material for winter clothing.

Gases and vapors, probably also disease-germs,
are absorbed by clothing and may be thus conveyed
from place to place. It has bheen found that woolen
clothing possesses this power of absorption to a muech
greater degree than linen or cotton. The bad odor of
a crowded room or of tobacco smoke frequently clings
to woolen garments for days, although they may be
exposed constantly to the air during the interval. It
would be advisable, therefore, that physicians attend-
ing infectious diseases, hospital attendants and nurses,
should wear linen or cotton clothing instead of woolen.

Clothing should be made to fif properly. It should
not restrain muscular movements, obstruet the eircula-
tion or compress organs. Hence, corsets, belts and
garters are to be condemned. It is a fact of common
observation, that moderately loose clothing is warmer
than close-fitting.

Especial attention should be given to the shape
and fitting of foot-wear. Boots and shoes are nsually
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made with little regard to the physiological anatomy
of the foot, and as a result the feet of most Americans
are deformed, beanty and usefulness being in a great
degree sacrificed to the Moloch of fashion.*

Dyes used for coloring fabries are sometimes pm-
sonous. The author has repeatedly seen troublesome
eruptions and even ulcerations of the legs from wear-
ing stockings dyed with aniline compounds.

By appropriate treatment clothing ean be made
non-inflammadle. Tungstate and phosphate of soda
are used to reduce the inflammability of fabriecs. The
addition of 20 per eent. of tungstate of soda and 3 per
cent. of phosphate of soda to the starch siziﬂg used for
stiffening linen is effective. The material is not injured
by it, and a smooth surface and polish ean be obtained
under the hot iron. Prof. Kedzie has recommended
borax for the same purpose. He says: ‘The simplest
and easiest way to make your cotton and linen fabrics
safe from taking fire is to dissolve a heaped teaspoon-
ful of powdered borax in half a pint of starch solution.
It does not injure the fabrie, imparts no disagreeable
odor, and interferes in no way with the subsequent
washing of the goods. Tt does not prevent the forma-
tion of a smooth and polished surface in the process of
ironing. Borax can be found in every village, and is
within the reach of all. It is a cheap salt, and its use
for this purpose is very simple.’

[The following works may also be studied to
advantage :

Hasmuoxp: Hyegiene, p. 579, L. MEYEr: Kleidung, in Realencyclo-
padie d. ges. Helk., Bd. VII, p. 446. Vax HanrvLinges : Care of the Peison,
~in Buck's Hyeiene and Pallic Hea'th, ¥ol. L]

® Qop g practical 'p:aper by Dr. BExa. LEE: A Shos That Will Not Pinch., Sanita-
rian, June, 1884, p. 403

+ Michigan ‘-tate Board of Health, 1680, p, 151,



CHAPTER XVL
DISPOSAL OF THE DEAD.

Wnex life is extinet in the animal body, decom-
position begins. This may be either putrefactive or
non-putrefactive. The difference between the two pro-
cesses has been explained by Leibig. In pufrefaction
of organic matters, only the elements of water take
part in the formation of the new compounds which
result, while in mnon-putrefactive decomposition or
decay, the oxygen of the air plays an important part.
Putrefaction can go on under water, while decay can
only take place when the supply of free oxygen is
abundant.

The prompt removal of the bodies of the dead
from the immediate vicinity of the living is a matter
of prime sanitary importance. If death results from
a contagions or an infections disease, the necessity for
the removal of the corpse is evident. But, even where
there is no danger of propagation of infections disease,
the produets of putrefaction and decay may give rise
to serious derangements of health if allowed to pollute
the air.

The chief methods of disposal of the dead are
burial in the earth, entombment in vaults, and ecre-
mation.

INTERMENT.

- The most common method of sepulture is burial
in the earth. The corpse is usually enclosed in a case
(coffin) of wood, or metal, and buried from four to six
feet deep. Here decomposition sets in, which is at first
putrefactive, and later on non-putrefactive. In the
course of several years, from five to ten, the entire
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body with the exception of the bones has usunally dis-
appeared, and becomes converted into a dry monunld.

The soil of a burial ground should be dry and po-
rous, so as to be easily permeated by the air. Ina
sandy or gravelly soil, the decay of a corpse is much
more rapid than in a moist, clayey soil. In the latter,
the bodies more readily undergo putrefaction or
become converted into a substance termed adipocere.
It has been calculated that in a gravelly soil the decay
of a corpse advances as much in one year, as it wounld
in sand in one and two-thirds, and in clay in two to
two and omne-third years. The decay of the dead bod-
ies is principally (if not entirely) dependent upon the
presence of living vegetable organisms. If the access
of free oxygen is prevented, the bacteria of putrefac-
tion will thrive and cause putridity. If, however, the
g0il is loose, porous, and easily permeable by the air,
the bacteria of decay will be present and produce their
characteristic effects.

The barometrie pressure seems to affect the decom-
position of dead bodies. For example, at the refuge
of St. Bernard in the high Alps, the bodies of those
dying are not buried, but exposed to the air, where
they undergo a drying, shrinking and mummification,
instead of putrefaction or decay.

Alternate saturation and drying of the soil pro-
motes the rapidity of decay.

Certain occupations are said to produce changes in
the tissues which resist decay. Thus tanners are sup-
posed toresist the tinal echangesof the tissues longer than
persons of other occupations. Shakespeare makes the
grave-diggerin Hamlet say: ‘A tanner will last you nine
years.” The corpses of those poisoned by phosphorus,
arsenic, sulphuric acid or corrosive sublimate also
decay more slowly than those of cases of infectious
diseases.
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All the tissues may be converted into adipocere,
but in the large majority of cases only the fat and
connective tissue undergo this change.

SUPPOSED DANGERS OF BURIAL GROUNDS.

Popular sanitary literature teems with supposed
instances of the injurious influences of cemeteries upon
the health of persons living in their vicinity. An
unprejudiced consideration of the subject shows, how-
ever, that there is no trustworthy evidence that any of
the gases exhaled by decaying or putrefying bodies are
injurious to health. The air of closed burial vaults
may be dangerous from the large proportion of ecarbonie
acid contained in it, but the other gaseous products of
decomposition have no deleterious effects. The dan-
gers to health from the proximity of cemeteries are
doubtless very much exaggerated. Pettenkofer and
Erismann have shown that a single large privy vault,
containing about 600 cubic feet of excrement, gives off
nearly as large an amount of putrefactive  gases in the
course of one year, as is exhaled by a burial ground
containing 556 decomposing corpses in ten years.

Where bodies are properly buried, and the gronnd
is not overcharged by corpses, it is not probable that
infectious diseases are propagated from interred bodies.
There are no facts on record that show that such an
event has oceurred.

The dangers of pollution of water by cemeteries
have also been much overestimated. The purifying
power of soil strata through which the water is com-
pelled to percolate before reaching the well, after be-
coming charged with the products of decomposition, isin
most cases sufficient to remove all deleterious matters.

Cemeteries should not be located within a city, but
must be easily accessible. The soil should be dry
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gravel or sand, with a low ground-water level. The
graves need not be deeper than four feet to the top of
the coffin.

ENTOMBMENT IN VAULTS.

Burial vaultsdn churches, or in the open air should
be disconntenanced. The gases of decomposition are
given off directly to the air without the modifying
power of the soil, and often constitute a nuisance, even
if not deleterious to health. Entombment in vaults or
erypts has not a single favorable circumstance to
recommend it.

CREMATION.

Within recent years the rapid incineration of the
dead in properly constructed furnaces has been fre-
quently recommended. In the United States a crema-
tion furnace was built several years ago at Washington,
Pa., by the late Dr. J. C. LeMoine. Among the re-
mains of those cremated were those of the late Dr.
Samuel D. Gross, the distinguished surgezon. The praec-
tice has not gained very many adherents, however,
although eremation societies have been organised in sev-
eral of the cities thronghout the country. Aside from
the objections urged by the more conservative classes
who desire to adhere to the time-honored custom of in-
terment, serious legal objections have been brought for-
ward. In cases where poisoning was suspected some
time after death, the cremation furnace would have
destroyed every evidence of erime, and conviction of a
criminal poisoner could not be obtained.

The real advantages of cremation, such as rapid
destruction of a corpse, economy of space in keeping
the remains, and avoidance of pollution of the soil by
decaying bodies, and possible pollution of air and
water, are more than counter-balanced by the expense
and the medico-legal objection mentioned. From a
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sanitary point of view, cremation is not necessary in
this country. A proper regulation of cemeteries will
prevent any possible dangers to the living from pollu-
tion of the air, soil or water by the decaying remains
of human beings.

INTERMENT ON THE BATTLE FIELD.

After battles, the disposal of the bodies of the
slain is often a serious problem. Nageli proposes the
following method of interment: After selecting the
place of burial, the sod and layer of humus are removed
from a sufficiently large surface and thrown to one side.
The corpses are then laid upon the denuded place, and
the layers of corpses separated by sand, gravel, or fine
brush-wood. A trench is then dug around the pile of
dead and the soil gained is thrown over the corpses
until they are covered to the depth of three feet, when
the humus and sod are placed over the whole. This
furnishes a dry grave in which decay rapidly takes the
place of puatrefaction, and the corpses soon moulder
away. The same procedure may be followed in cases
of epidemics where the number of deaths is too great
to properly bury them in single graves.



CHAPTER XVIL
THE GERM THEORY OF DISEASE.

TuE ruling doctrine in the pathology of the present
day is the germ theory of disease. Based upon the
doctrine of emne vivuwm ex vivo, and supported by strong
experimental and clinical evidence it is accepted by the
great majority of physicians. Its advocates claim that
the large class of diseases known as contagious or
infectious, are all due to the presence in the blood or
tissues, of minute organisms, either animal or vegeta-
ble. Many other diseases, not at present included in
the above class by general pathologists, are also be-
lieved, by the adherents of the germ theory, to be
caused in the same way. The following constitutes a
brief review of the most prominent facts in the history
of the doctrine:

The doctrine of the vital nature of the contaginm
of disease—the confagium animatum of the older
writers—was held in a vague way by many of the phy-
sicians of the past, but it was not until the latter part
of the last century that the theory took definite shape.
In the works of Hufeland, Kircher and Linné, the idea
is expressed with more or less directness that the prop-
agation of infectious diseases depends upon the implan-
tation of minute independent organisms into or upon
the affected individual. This hypothesis was, however,
first clearly enunciated, and defended with great force,
by Henle, in 1840. Three years earlier, Cagniard de la
Tour and Schwann, had established a rational basis for
the theory by their observations upon the yeast plant
and its relation to fermentation. In 1835, Bassi had
discovered in the bodies of silkworms affected by mus-
cardine, a disease of these insects which proved very
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destructive, a parasite which was soon shown to be the
cause of the disease. Within the next few years,
Tulasné, DeBary and Kuehn, proved that certain fungi
were the causes of the potato rot and other diseases of
plants. Scheenlein, Malmsten and Gruby, between 1840
and 1845, demonstrated that those skin diseases of man
classed as {/e tinew, were due entirely to the action of
vegetable parasitic organisms.

Up to this time the germ theory, as now accepted,
had received no support from experiment. All the dis-
eases claimed as parasitic were purely local; so far as
the parasitic nature of the general diseases was con-
cerned, all was hypothetical. In 1849, Guérin Méne-
ville discovered a corpuscular organism in the blood of
silkworms affected by the pebrine, which was later
proven by Pasteur to be the true cause of this destruc-
tive disease. Pollender, in 1855, and Brauell, in 1857,
found numerous minute rod-like organisms (bacteria)
in the blood of animals dead with splenic fever. In
1863, Davaine, investigated the subject more fully, and
showed beyond doubt that the little organisms dis-
covered by Pollender were the true cause of splenic
fever, or anthrax. The more recent researches of
Koch upon the history of these bacteria or bacilli of
splenic fever have removed all doubt of their etio-
logical significance.

The careful observations and researches of such
scientific investigators as Rindfleisch, Waldeyer, Von
Recklinghausen, Chauveau, Billroth, Carter, Burdon
Sanderson, Koch, and others, have established the
theory upon a secure foundation. There is an increas-
ing number of diseases for which the parasitic origin
may be accepted as fully proven. Among these are
splenic fever, relapsing fever, erysipelas, actinomycosis,
glanders and diphtheria. For another class of diseases
including tuberculosis, pleuro-pneumonia of -cattle,
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cholera, typhoid fever and croupous pneumonia, the
etiological connexion between the organisms, and the
disease, appears probable. For a very large remaining
class of diseases, however, there is no trustworthy
evidence to show their origin from parasitic micro-
organisms.

In connexion with the germ theory, there has
arisen of late a very important questionin iuws bearing
upon preventive medicine. This is the value of the
so-called protective inoculations against infectious
diseases. The protective intluence of vaccination
against small-pox is firmly established by indubitable
evidence. Within the last three or four years a pro-
cedure introduced by Pasteur to protect animals against
certain fatal infectious diseases, such as splenic fever,
fowl cholera and rabies, has claimed much attention.
Pasteur’s observations were first made upon the disease
termed chicken cholera. He found that the blood of
the dead fowls, or of those attacked by the disease
swarmed with bacteria. Inoculation of healthy fowls
with this diseased blood, or with the bacteria alone,
carefully freed from all animal flunids, produced the
same disease. The bacteria were therefore assumed to
be the cause of the disease. The investigator then took
a quantity of these bacteria and ‘cultivated’ them
throngh a number of generations, using sterilised
chicken broth as a culture medium. Fowls inoculated
with the resunlt of the last cultivation were still
attacked by the same symptoms but