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20 HYGIENE NOTES.

substances have different boiling points and melting points.
Pressure, as a rule, raises the temperature at which a
substance melts* or boils. The presence of matter in
solution lowers the melting point and raises the boiling
point. Hence, the boiling point of salt water is higher
than that of fresh, while its freezing point is lower.

BorLing PoiNt AND PRESSURE.—Water boils when the
outward tension of its vapour can overcome the pressure
on its surface. At a temperature of 100° C. the vapour-
tension is sufficient to overcome the ordinary pressure of
the atmosphere at the sea level. But, if the pressure on
the surface be increased—as it would be if the water were
takken down a mine, or if the steam were prevented from
escaping and so formed an elastic cushion in the vessel—
the temperature would have to be increased before the
water could boil. Hence, it is possible to raise water to a
very high temperature without its boiling. In the boiler
of a steam engine it frequently reaches 350° . Water so
hot as this is capable of extracting nutriment fromn
bones, cartilage, &c., and an apparatus, known as Papin’s
digester, is employed for this purpose. In like manner,
the decrease of surface pressure causes water to boil at a
lower temperature. Hence, on a mountain, boiling water
i1s not so hot as at the sea level. Indeed, if the mountain
is sufficiently high, the boiling point may fall below the
cooking temperature—about 180° F.—and the traveller
finds much difficulty in preparing his food. In such a case
it is a good plan to weight the lid of the vessel used with
stones, so as to prevent the steam from escaping. The
pressure of the confined steam on the surface of the water
in the pot will raise its boiling point to the required tem-
perature,

* Water and other bodies that expand on solidifying are exceptions
to this. Thus, pressure lowers the melting point of ice,
































































































36 HYGIENE NOTES.

gestible, and in their dried state require prolonged soaking
and boiling before being used. When green they contain
a certain amount of sugar, and their legumin is more
easilv digested. In the case of the French bean and the
scarlet runner, the unripe pods are eaten. These differ
materially in composition from the seeds, approximating
rather to green vegetables in this respect. Roughly
speaking, they contain about 92 per cent. of water and 2
per cent. of nitrogenous matter.

SuccULENT VEGETABLES.—These are valuable from the
salts and vegetable acids contained in their thick, fleshy
leaves, together with certain active principles which give
a characteristic flavour to many—as, for example, the
watercress, asparagus, and celery, spinach, leek, mustard,
and cress,

Among the chief salts contained in the group are the
various salts of potash and phosphates of lime and soda.
These are essential for the formation of bone and the
maintenance of the alkalinity of the blood. Without them
the blood fails to do its work, and the result is a condition
of mal-nutrition, which in an extreme form is known as
scurvy. The potash salts are mainly the phosphate,
carbonate, chloride, and nitrate. Fleshy plants are rich in
potash salts formed by the combination of potassium with
one of the organic acids—oxalie, tartarie, citric and malic
acid. These—the oxalate, tartrate, citrate and malate of
potassium—are changed in the body into carbonate of
potash. Salts of iron and manganese are also found in
similar plants. The value of all is their effeet on nutri-
tion. They aid in the transference, digestion, absorption,
or elaboration of the nutrient material taken as food.

Roors axp Tusers.—In this class of food stuffs the
potato easily holds the first place in point of nutrient
value. It contains from 20 to 25 per cent. of starch,












38 HYGIENE KOTES.

the term proteid includes albumen, myosin, chondrin,
gelatin and ossein, besides the bodies known as
ereatin and earnin, which are found in a concentrated form
in the gravy of cooked meat and form a considerable pro-
portion of meat extracts. Gelatin, however, has only about
one-fourth the nutritive value of albumen while chondrin,
and ossein have still less. But in some parts of the animal
these form the bulk of the nitrogenous matter. Thus the
shin contains a large amount of gelatinous material, so
that although cheaper it is less nutritious than other
portions of the animal. The same is true of the head and
of the ‘hand’ of pork. Cowheel and similar portions
contain much chondrin. Gelatin also exists in the mem.-
branes, tendons, &c. Again, kidneys and hearts contain a
large proportion of nitrogen, but their dense and heavy
texture renders them highly indigestible. Liver contains
about 77 per cent. water, 17 to 19 per cent. proteid, and
about 3 per cent. fat. Hence it is eaten with fat foods
like bacon to supply its deficiency in this respect. Again
the proportion of fats varies greatly in different parts, and
this aflects the nutritive value. Moreover, where fat is in
excess, there is a deficiency of water.

Fisa.—The composition of fish, like that of flesh, varies
greatly according to the kind of fish and in different parts
of the same fish, and also according to the season of the
vear. Speaking generally those fish which are least oily
are the most wholesome and easily digested. But all are
so highly nitrogenous that it is essential to consume a
considerable proportion of starchy matter with them in
order to form a suitable diet. Fish, the flesh of which is
dry, fibrous, or tough, are always indigestible. Hence
their composition affords little clue to their nutritive
value. The average composition of various fish is shown
in the following table :—
























49 HYGIENE NOTES.

gas produced by its combustion be passed through lime-
water, the lime-water becomes milky, proving that the gas
was carbonic acid, which has united with the lime in the
lime-water to form calcinmm carbonate. This is insoluble
and, consequently, after floating in tiny particles in the
water, for a time, slowly settles to the bottom. The pro-
duction of carbonic acid proves that the black substance
burnt was carbon.

GROUP I..THE CARBO-HYDRATES.

StarcH (C H,,0,).— A glance at the formula shows
starch to be composed of carbon, hydrogen, and oxygen,
and to contain twice as much hydrogen as oxygen. This
is a characteristic of all carbo-hydrates. They derive their
name (hydrate—Gr. hydor=water) from the fact that they
contain sufficient oxygen to oxidise all their hydrogen and
so form water. Fats and oils (hydro-carbons) contain a far
less proportion of oxygen. When seen with the naked eye
starch appears a soft white powder ; when examined under
the microscope it is found to consist of granules—the
starch cells. Each cell containg granulose, enclosed in a
wall of starch cellulose. One of the objects of cooking is
to burst the cell wall and liberate the contents. The
granules vary in shape according to their source, so that
the starch grains of various plants can be readily dis-
tinguished—a fact very useful in detecting adulteration.

The granulose is mnearly insoluble in cold water, but
almost entirely soluble in hot. The cellulose is soluble in
neither. A strong solution of starch forms a jelly when
cold. The starch used by laundresses for stiffening linen
is an example of such a solution.

Test for Starch.—Mix a small quantity of the powder to
be tested into a paste with cold water, and then pour this
into boiling water and boil for a few moments. When cold
add a small quantity of the alcoholic tincture of iodine













44 HYGIENE XNOTES.

starch. But these combine to form one molecule of water.
Hence the change from starch to sugar consists in the
building up of one molecule of water into the substance of
the starch. In strueture sugar is ecrystalline; starch
granules show no trace of crystallinity, and while sugar is
very soluble in cold water, starch dissolves only in hot.
The former, too, may be readily distinguished by its sweet
taste.

The solubility of sugar and its tendency to crystallise
may be shown by dissolving it in hot water and noting
the quantity required to make a saturated solution by
suspending threads of cotton in it. As it cools, the
ervstals of sugar are deposited on the threads in the well-
known form of sugar candy. If heated with a little water
to 865° F. it will not crystallise on cooling, but forms
instead the familiar, clear, golden, brittle barley sugar.
Cane sugar is so soluble that one ounce of water will dis-
solve two ounces of it.

There are many kinds of sugar. Cane sugar (sucrose or
saccharose) is most important and, as its name implies, is
obtained in quantity from the sugar-cane. Other plants
which furnish it are maize, the Chinese sugar-millet, the
sngar maple, and many palims. Another variety—maltose—
occurs in cereal grains, and is produced in greater quantity
from the starch when the grain is malted.

A third important variety—glucose or grape-sugar—is
found in sweet fruits, erystallising in lnmps when the fruits
are dried (e.g., in raising). Itisalso found in honey, unripe
peasand beans, and inmeat (as inosite—muscle sugar). Milk
sugar —lactose—has the same composition as cane sugar.

None of the grape sugars are as sweet or as soluble as
cane sugar, a fact which may be tested by experiment. If
honey is washed with spirit the residue will be grape sugar
—Ilevulose. This form erystallises with great difficulty,
and is generally obtained as a syrup or, when dried, as a
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The alecohol is colourless, neutral in reaction, has a faint,
pleasant smell, and a burning taste. Next to water, it is
the most important of solvents, dissclving many fats and
resins that are entirely insoluble in water. It will itself
dissolve in water, the solution being accompanied by a
shrinkage in volume and the evolution of heat.

The boiling point of aleohol is 75° C. (167° F), a
point which is considerably lower than that of water.
Hence it may be boiled by placing it in a test tube in
hot water. For the sane reason when beer, wine, or
spirits are heated, the alcohol distils over as vapour before
the rest of the fluid has reached Loiling point. By allow-
ing this to pass through a tube leading through a vessel of
water it may be condensed. If to thiswe add quicklime or
solid potassium carbonate, to get rid of any water which
may be contained, and then distil again, we shall obtain a
more concentrated spirit. The proof of coneentration is
the readiness with which it catches fire, and the more
strongly burning taste.

DistinLaTioN.—The process of distillation consists
in volatilising & liquid by subjecting it to heat and
then condensing it again. The method commonly
employed is tc place the liquid in a boiler—termed a
still-——from which proceeds a coiled tule known as the
worm, which passes through cold water. When heat
is applied to the still, the liquid is volatilised, and the
vapour passes into the worm, where it is cooled and
becomes condensed into the liquid form: again. In
this way volatile liquids are separable from non-
volatile ones, or from solids dissolved in them.
Liquids which have different boiling points may also
be separated in this way, that which has the lowest
boiling point passing off first.

Aleohol may be produced as follows :—Take any sugary
fluid, add yeast, and set in a warm jplace. The liquid will

















































58 HYGIENE NOTES.

very hot. But as the illuminating power of a flame
depends upon the incandescence of particles of carbon
which have not undergone combustion, it necessarily
follows that the Bunsen flame gives very little light. If,
however, the air holes are closed, the flame becomes
an ordinary luminous one. The blowpipe is a similar
contrivance, the combustion being even more complete,
gince a current of air is blown into the gas, giving it an
even greater supply of oxygen and producing an intense
flame.

The same principle is utilised in the incandescent
burners now commonly in use. These are furnished with
air-holes similar to those of a Bunsen burner, and the
mixture of air and gas is ignited in the same way. The
result is a similar slightly luminous, but intensely hot
flame. The temperature of this is sufficiently high to
heat to incandescence a ‘“mantle’” composed of certain
rare earths, which are incombustible. The result is a
brilliant white light. If an accumulation of dust or any other
obstruction is allowed to interfere with the supply of air
or gas, the combustion becomes less vigorous, the heat
produced is less and the ** mantle ”’ gives a poor light.

Gas ExrrosioNs.—An ordinary gas explosion furnishes
an example of the extremely rapid combustion of a large
body of gas. When air and gas are mingled in such
quantities that there is present sufficient oxygen to oxidise
the combustible material of the gas an explosive mixture
is formed. Hence, when a light is applied, combustion is
instantaneous. The destructive effects consequent upon
explosions are due to the fact that the gaseous products
of the combustion occupy a far greater space than the
original substances. In other words, the gas combines
with oxygen to form an immense volume of intensely
heated matter which exerts great and sudden pressure













60 HYGIENE NOTES.

The experiment may be varied by passing a stream of
oxygen over a known weight of carbon heated te redness,
and absorbing the gas produced by passing it through a
tube containing caustic soda or caustic lime. These will
inerease in weight as a result of the absorbed gas, which
may be shown to be carbonic acid. Hence, if they are
weighed before and after the experiment, the difference
will give the weight of carbonic acid produced. This will
be found to be greater than that of the carbon; showing
that when substances are burned in oxygen the weight of
the products of the combustion is greater than that of the
fuel consumed.

CarBonic Acin.—Carbonic acid gas (carbon dioxide,
CO,) and water vapour (hydrogen oxide, H,0), are con-
tinually being poured into the atmosphere as the products
of the combustion in fires, lamps, &c., and that slower
process continually going on in the bodies of animals
and plants. It is also the result of the slow process
of oxidation which oceurs in the decay of organic tissue
after the death of the organism of which it formed part.
That water vapour is the result of burning, as in a
candle or lamp, may be shown by inverting a cold glass
over the flame. The interior will soon become bedewed
with moisture. That it is a product of the combustion going
on in the body may be shown by breathing on a mirror or
cold pane of glass. The presence of carbonie acid may
be readily detected by its effect on lime water. The gas
unites with the lime (caleic oxide, CaOQ) dissclved in the
water to form calecic carbonate (CaCO,). But this is
insoluble, so that the water, clear at first when the lime
was dissolved in it, becomes cloudy, and even milky,
owing to the precipitation of the calcium carbonate in the
form of a very fine white powder. This slowly settles to
the bottom, and the water becomes clear once more. It
is, however, no longer lime-water,
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it not supplemented from two other sources—the decay of
organic matter and the combustion which goes on in the
bodies of animals, as a result of which carbonic acid gas is
continually being poured into the air from their lungs.

The presence of this gas in expired air may be shown by
expelling the air, through a tube, into lime water (see p. 61),
when the characteristic milkiness will be observed. The pre-
sence in air is shown by exposing a saucer of lime water
to the air. The water becomes coated with a film which
may be shown to be carbonate of calcium.

Water.—Water is essential to the nutrition of the
body and to the performance of the functions of life.
Hence it may justly be classed as a food. It forms a large
proportion of the various tissues of the body, and is the means
by which the digestive juices are enabled to permeate the
food, and by which the food is absorbed into the blood.
It is also necessary for the elimination of the waste pro-
ducts of the body and for the regulation of temperature.

Further, it is a necessity for purposes of cooking, for the
ablution of the person, the washing of clothes, utensils
and houses, and for the removal of sewage and the flushing
of streets. Its uses and impurities, the distinction between
hard and soft water, and the methods of softening hard
water are dealt with in pp. 19-22 of ¢ Notes on Hygiene,”
Part II. It will sutfice here to touch upon its composition.

Tur ComposiTION OF WATER.— Water is a compound of
the two gases, oxygen and hydrogen. As we have seen,
it is one of the products of combustion, and hence is an
oxide of hydrogen, the proportions bc 1g one volume of
oxygen to two of hydrogen (or by weight, one part of
hyvdrogen to eight of oxygen, a result of the fact that
oxvgen is sixteen times heavier than hydrogen).

The truth of the statement may be shown by mixing one
volume of oxygen with two of hydrogen in an ordinary
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through a thistle funnel fixed in one neck and extending
to the bottom of the flask. Hydrogen is given off and
passes out through another tube thrust through the cork
in the other neck.

If the end of this tube be brought under a cold bell jar
and a match applied to it, the escaping hydrogen ignites,
burning with a dimly luminous flame. (Care must be
taken that all the air in the flask is expelled before the
licht is applied, or an explosion may oceur.) The inner
surface of the jar becomes coated with tiny drops of fluid
which may be shown to be water, since it will boil at
212° F. (100° C.) and freeze at 82° F. (0° C.). That the
hydrogen flame is virtually non-luminous, while the com-
bustion of coal gas produces a brilliant light, is due to the
fact that in the former there are no particles of carbon to
be raised to incandescence.

If the hydrogen produced in the last experiment be
made to pass through a tube containing heated copper
oxide—copper scale, the copper will give up its oxygen,
which will unite with the hydrogen to form water. This
may be collected by making it pass through another tube
containing caleium chloride, a substance which readily
absorbs water. If the caleium chloride tube be weighed
before and after the cxperiment, the difference in the
weicht will be due to the quantity of water absorbed. If
coal gas be employed, the same effect will follow, hydrogen
being a constituent of coal gas.

The CO, produced may also be estimated by passing
the gas through lime-water and weighing the calcium
carbonate which is precipitated.

Coar Gas.—This is a mixture of various gases, mostly
compounds of carbon, and all produced by the destructive
distillation of coal. Its composition is by no means con-
stant, even when manufactured at the same gas works.













66 HYGIENE NOTES.

This depends on the fact that, whereas soap immediately
forms a lather with pure water, it will not do so with hard
water until the mineral substances which made the water
hard have been neutralised by the soap. Hence we may
compare the hardness of two samples of water by noting
how much of a given soap must be used before a
permanent lather is obtained. Castile soap is dissolved in
pure water until 2'2 cu. em. of it will give a permanent
lather when shaken up with 50 cu. cm. of a solution
of barium nitrate, containing *26 grains of the nitrate to a
litre of water. Each cu. em. of the soap solution that is
required to produce a permanent lather with 50 cu. em. of
water indicates the presence of 2'5 milligrams of calcium
carbonate. Dr. Clark, the originator of this test, expressed
the result in grains per gallon. If it be remembered that
a gallon contains 4,545 cu. em., and that 1 gram equals
15°432 grains, the process will be seen to be an easy one.
Water which contains 7 grains of caleinm carbonate per
callon is water of 10° of hardness.

S0AP AND SoDA.—A soap is a compound formed by the
chemical union of an alkali and a fatty acid. The fats
employed in its manufacture are many—stearin, olein,
palmitin being the chief; the alkalis are two—soda and
potash. Hard soaps are made with soda, those made with
potash do not dry, and are termed soft soaps. The
method of manufacture is chiefly as follows:—A given
quantity of any of the above fats is placed in an iron pan.
To this is added the ‘““lye’ or solution of soda, made by
boiling a solution of carbonate of soda with lime.
Stronger and stronger lyes are added, any excess of alkali
being neutralised by the addition of fresh fat until com-
bination takes place. Then the soap is ** salted out”—
about 10 lbs. of common salt being added to every 100 lbs.
of the mixture, with the result that the soap, being
insoluble in the briny liquid, rises to the top, leaving the
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TeeE Lire History oF AN INFECTIOUS DisEasE.—This
bears a striking resemblance to that of the yeast ferment.
There are three well-marked periods in a favourable case :—

i. The period of incubafion, during which the
organism is multiplying in the system.

ii. The period of activity, when the organism is
most vigorous and most numerous and the symptoms
of the disease most marked.

iil. The period of decline, during which the activity
of the organisin diminishes and finally cease, leaving
the patient free from disease but prostrate with
weakness.

The length of the period of incubation varies with the
disease, as does also the length of time during which
the infection may be spread. Each disease, too, has
its special features, which can only be explained by
assuming that each germ finds a certain set of condi-
tions most suitable for its development. Thus age, sex,
race and season all play their part in modifying the
activity of each ferment. Scarlet fever is essentially a
disease of early childhood, and the mortality from it is
oreatest among children of from three to five years;
measles and whooping cough are also children’s diseases.
Enteric fever, on the other hand, is most deadly between
the ages of fifteen to twenty-five. Influenza is a disease
of middle life and age, nearly fifty per cent. of the deaths
from it being of persons over sixty.

Each, disease, too, has its seasonal character. Small-
pox is most active in the winter; enteric fever in the early
autumn ; cholera in the late smmmer. Roughly, intestinal
diseases, like enteric, diarrhcea, dysentery, and cholera are
most prevalent in summer, respiratory diseases in winter,
Hence mild winters and cool summers both tend to lessen
the amount of disease. Again, certain diseases are en-
demic in certain places, e.g., yellow fever in the Gulf of



























































































12 HYGIENE XNOTES.

In the former the proportion of nitrogen to carbon is 2 to
7, in the latter 2 to 53. The food value of the latter
group is less than one-fourth that of the former.

PEPTONES AND ALBUMOSES are forms of proteid produced
by the action of the pepsin of the gastric juice. Their
characteristic is their extreme diffusibility, which enables
them to pass readily through the walls of the alimentary
canal and blood vessels into the blood. They do not, like
other proteids, coagulate under the action of heat.

Proteips BEcuraTe CHEMICAL CHANGE.—The action of
Proteids in regulating the activity of metabolism should
be noted. An increase in nitrogenous food implies an in-
creased oxidation and a decrease in the amount of material
stored, either as glycogen in the liver or fat in the tissues.
This principle has been utilised in Banting’s system for the
reduction of corpulency—the patient being fed with a large
excess of nitrogenous food.

Fars (Cy0H,50) are compounds of glycerine with either
oleic, stearic, or palmitic acid. The small amount of
oxygen contained makes their metabolism slow, the neces-
sary oxygen having to be obtained from other sources.
This may explain their extensive use by the inhabitants of
cold countries. The heating effect is lasting. The same
explanation may possibly be applied to the instructive use
of fats and oil in small quantities by those living in hot
countries, the effect being less immediately heating than
that of carbo-hydrate.

CarBo-HYDRATE.—The name (Hydrate, Greek—hydor=
water) is derived from the fact that, in addition to carbon,
foods belonging to this group contain oxygen and hydrogen
in the exact proportions to form water. In other words,
they - contain sufficient oxygen to oxidise, during meta-
bolism, the whole of their hydrogen into water. They are
chiefly derived from the vegetable kingdom.
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Salts are named from the acids from which they are
derived. Thus, sulphates, nitrates, carbonates, ete., are
salts of sulphuriec, nitric, and carbonic acid respectively.

Disrosan oF Foop Sturrs.—Nitrogen enters the body
as proteid and leaves it as urea. Proteid is changed to
peptone in the stomach, is absorbed into the blood vessels,
forms the proteid of the blood plasma, and exudes again
through the walls of the blood vessels, bathing the tissues
as lymph. The cells of the tissues act upon it, building up
a portion into their own substance. This portion thus
becomes ‘“fixed” in the organ of which it forms part, and
is known as FIXED or ORGAN PROTEID. The balance re-
mains in the blood and lymph as FREE, COASTING, Or CIR-
CULATING proteid, and is used without being built wp into
the substance of the body. If an excess of proteid be
taken it may be absorbed in the intestines, carried to the
liver, and there converted into urea at once. This last
process is abnormal, and, if carried to excess, tends to be-
come imperfeet and to fail. Then excess proteid is not
converted into urea, but reaching the halfway stage of uric
acid, is deposited in the joints, giving rise to attacks of
gout.

Taree Roaps FroM PrROTEID To UREA:—

1. Loxe Roap.—Organ Proteid—Built up into various
tissues, to be gradually used up
and replaced.

2. MaiNy Roap.—Free, Circulating, or Coasting Pro-
teid. — Conveyed to tissues by
blood and lymph, used by tissues
but not built up in them.

8. Suorr Cur.—Ezcess Proteid. — Never reaches
tissues. Absorbed in intestines
and changed to urea in the liver.

The urea in each case is eliminated by the kidneys and
passes off in the urine.
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sickness and dysentery may arise from contaminated
drinking water. Moreover, the effects of the use of water
which contains an excess of lime salts, that is, very
“ hard ”” water, may occasion bowel disturbances, constipa-
tion, and that peculiar swelling of the neck termed goitre.
In marshy districts, too, dysentery and malarial fevers
result from the use of water contaminated with decayving
vegetable matter.

Harp aAxp SoFT WATERS.—Waters which contain more
than 10 grains per gallon of dissolved mineral salts are
said to be hard. They are harsh to the touch, cause soap
to curdle in place of lathering, and are, consequently, not
suited for domestic purposes, as being both unpleasant and
extravagant in the use of soap. Nor are they, at all times,
agreeable to the taste, although bright and sparkling. The
hardness is estimated by the amount of soap required to
be added to form a permanent lather. Water which re-
quires the addition of ‘0012 1bs. of soap to a gallon before
forming a lather, which will remain for five minutes, is
water of one degree of hardness. The salts present are
usually carbonate and sulphate of lime. The former pro-
duces what is termed femporary and the latter permanent
hardness. In the former, the lime is held in solution by
the carbonic acid present. If this is driven off, as in
boiling, the carbonate is deposited as a fur. Hard waters
are softened by the water companies by the addiiion of
milk of lime—the amount used varying with the hardness
of the water. This method is termed Clark’s process.

Crark’s Process for softening water may be explained
as follows: 56 lbs. of pure lime will unite with 44 lbs. of
CO, to form carbonate of lime, which is insoluble. If
plenty of CO, be available, the carbonate will take up
44 1bs. more CO, and form a bi-carbonate, which dissolves
in water. It is the presence of this bi-carbonate which
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3. The discoloration of the water and its smell,

: when heated, also indicate the presence of organic
madtter.

Tue RemovAL or ImpurrTies.—(1) Hardness is reduced
by the addition of milk of lime. (2) the separation of
suspended matters is accomplished by passing the water
through a filter. The action is twofold—(a) Mechanical.
The particles are stopped. (b) Chemical. Organic matter
is destroyed by the oxygen present in the pores of the
filtering medium and by the bacteria which cover the
surface. Cleansing the filtering substance destroys the
bacteria, and consequently #mpairs the efficiency of the
filter. Efforts are now being made to purify water by
means of bacteria alone, which are cultivated for the
purpose. The scheme is in use at Sutton in Surrey. A
river tends to clear its waters of any organie impurities, in
about 30 miles of its course, by the action of fish, aquatic
plants, and the oxidation consequent upon the continual
exposure of its waters to the air. The rapidity of purifica-
tion depends upon the rate of flow.

Boiling is one of the best means of purifying water. The
lime salts are deposited, and part of the organic matter,
together with most disease germs, is destroyed. Astringent
substances, such as alum, oak chips, ete., purify water by
causing suspended matters to settle. The muddy Nile
water is thus clarified by rubbing the inner surface of the
water vessel with bitter almonds. The addition of Condy’s
Fluid also destroys organie matter, and leaves water potable.

Tea aAND CoFFEE.—These contain :(—

1. An alkaloid, akin to quinine and nicotine, upon
which the stimulating qualities depend. In tea this
is known as Theine, in coffee as Caffeine; but the
principle is believed to be identical in both.
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bulk of carbon di-oxide. If the pressure is doubled twice
as much can be dissolved; trebled, thrice as much, and so
on. If the pressure is removed the liberated gas bubbles
out of the water, producing effervescence. The aerated
water is run into specially prepared bottles, which prevent
the escape of the gas. Such water is frequently sold as
soda-water. The addition of a small quantity of fruit
syrup produces lemonade, gingerade, &c. Actual soda-
water should contain 30 grains of bi-carbonate of soda to
an imperial pint, and the pressure of the gas dissolved
should equal seven times that of the atmosphere.

Aerated water has a gentle, stimulating effect on the
stomach, as well as being grateful and soothing in case of
irritation.

ArconoLic BEVERAGES are those produced by fermenta-
tion. The fermentation is the work of a tiny organism (or
ferment)—the yeast plant, which, in a suitable medium,
multiplies with exceeding rapidity. The ferment acts
upon sugar in solution, chemically changing it into ecarbon
di-oxide and alcohol. The former escapes, except in the
case of effervescing wines, where part of the fermentation
is allowed to occur after bottling, the latter remains,
giving the fluid its stimulating and intoxicating properties.
Wines and brandy are prepared from grape sugar, rum
from molasses, whisky and gin from spirit distilled from
malted barley. Inferior spirits can be produced from
various starchy substances, such at potato, turnips, paper,
cotton, flax, rags, and sawdust. The quantity of starch in
some of the latter substances is, however, too small for
the process to be remunerative. Pure alcohol is termed
spirits of wine, and is flavourless. The distinctive flavours
of brandy, whisky, &ec., are produced in the process of
manufacture and by the development of various flavouring
substances—chiefly ethers—in the spirit when kept.
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The effect of the combustion of coal is to send into the
air various sulphurous gases, together with solid particles
of carbon. These irritate the mucous membrane lining
the lungs and result in an increased liability to the attacks
of lung and throat diseases. The mortality in towns from
these diseases invariably inereases during foggy weather,
when the products of combustion are unable to escape.

Air vitiated by sewer gas produces all the symptoms
above described as resulting from decaying organic matter.
There is, likewise, the added danger that it may contain
the germs of disease. Various forms of blood poisoning
may also occur.

Tur EstiMaTioN oF IMpURITIES.—Suspended vmpurities.
As already indicated, the amount of suspended matter in
the air is large. A practical proof is the myriads of
“motes ’ which become visible in the path of a sunbeam.
These particles may be collected and examined, and
counted under a microscope. The instrument usually
employed is the aeroscope, by which a current of air is
directed through a fine pointed funnel directly on to a
drop of glycerine, which retains all the solid particles.

Dr. Aitken found that, in fair weather, a cubic inch
contained 2,119,000 dust particles when taken from: the
open air, 30,318,000 when taken from an inhabited room
and 88,346,000 when taken from near the ceiling. In rainy
weather the number fell to about half a million, a fact
having an important bearing on the effect of rainfall in
purifying the air and on the character of rain-water.

The presence and amount of organic matter may be
tested by passing the air through water, and then adding
Condy’s Fluid sufficient to colour the water rose pink. If
the colour remains permanent, no organic matter is pre-
sent. The rapidity with which it fades indicates the
amount of pollution. The presence of carbon dioxide may
be detected and roughly estimated by the smell. Normally
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that at the end of an hour we should have a solid bar con-
taining 3,000 cubic feet, and three and a half miles long.
If we divide the cubical contents, 3,000 feet, by the length,
we shall get the area of its section ; that is, the size of the
opening. This will be found to be between 23 and 24
square inches. Thus an inlet of at least 24 square inches
is necessary for each person habitually using a room. In
cases where a room is used only for a portion of each day,
the amount may be less. In every case an outlet of
similar size, or a lttle larger (as heated air expands),
must be provided. In the majority of cases the chimney
is found to be sufficient as an outlet. In places used by
large numbers of people at a time, chimneys, if existing,
will be insufficient, and special outlets must beprovided.

InLET VENTILATORS.—If the chimmey is sufficient to
provide for the escape of foul air from a room, only an
inlet ventilator need be provided. It should always be
above the level of the heads of the occupants, and should
direct the entering stream wupwards against the ceiling,
from whence it is thrown back in a shower of fresh air.
Such inlets may be placed in windows, in the shape of
louvred panes, consisting of strips of glass arranged like
the slats of a venetian blind, or in walls. Sherringham’s
Valves and Tobin’s Tubes are two effective forms of the
latter. Air bricks may be used. These are drilled with a
number of holes, conical in shape, with the wide part of
the cone inside. The size of the hole increasing from the
outside inwards, the velocity of the air eurrent is checked,
and the air diffused. In Jenning's air-brick the holes
slant upward, thus directing the air towards the ceiling.
An extremely simple arrangement is Hinckes Bird’s plan
of raising the bottom sash of a window and blocking the
opening with a piece of wood. The air current enters
between the two sashes at a sufficient height and in an
upward direction.
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their openings are stopped with dirt or the dead scales
which are hourly shed by the skin, then neither function
can be properly performed. The necessity of washing thus
becomes evident. Water alone, however, though an excel-
lent tonic to the skin, is powerless to remove the dirt and
scales with which it is covered. The skin secretes an oil,
which serves to soften it and prevent its drying and erack-
ing, and which, when poured out upon the skin, will cause
its dead scales and dirt to cake, and so block the outlets of
the sweat glands. To cleanse the skin effectively, some-
thing must be used capable of removing the caked dirt
and oil.

Soar.—For this purpose soap is used. Ifis a compound
formed by the union of one of the fatty acids (stearie, oleie
or palmitic acid) with either potash or soda. Fat or oil is
boiled with a strong solution of soda or potash. The result
is that the fat decomposes into fatty acid and glycerine.
The former unites with the soda to form hard soap or the
potash to form soft soap, and the glycerine remains. The
allali (soda or potash) in soap is the ingredient which
removes grease and oil, by combining with it as it does with
the fat or oil used in the manufacture. Toilet soaps are
generally made from lard. Glycerine soap is simply
ordinary soap to which glycerine has been added. Tran-
sparent soaps are made by drying ordinary soap until free
from water, and then dissolving in aleohol, filtering, distil-
ling to remove the aleohol, and then running into moulds,

RemovaL oF REFuse.—Among nomadic or thinly seat.
tered populations all waste and refuse matters are returned
to the soil, and reduced to their elements by the action of
the oxygen and the putrefactive bacteria contained in its
upper layers. In towns some mode of collection and

removal is necessary.
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the body with a covering of non-conducting material, and
keep in its heat. The air which exists in the pores of
clothing acts in this way. Thus the clothing which allows
air to pass most readily is the warmest. For the same
reason loose clothing, retaining a layer of air between it
and the skin, is warmer than tight, and two thin garments,
with a layer of air between them, are much warmer than

one thick one. Thus it is better, instead of replacing light
summer garments by heavy winter ones, to merely increase

their number.

Corour.—The colour of clothing has an important bear-
ing on its power of absorbing and radiating heat. If two
garments, one white and the other black, are of the same
material, the black one will absorb twice as much of the
sun's heat as the white. Also, when materials of various
colours are exposed to the sun, the amount of heat ab-
sorbed varies with the colour. When the temperature of
white material reaches 100° F., that of yellow will reach
140° F., of red 165° F., of green 168°F., of blue 198° F.,
and of black 208° F. Thus the adoption of dark colours
for winter wear and light ones for summer finds scientific
justification.

CrotHING AND AGE.—Clothing should vary with the age
ot the wearer. In early childhood the heat-regulating
apparatus is less effective in action, slight causes produce
an increase of temperature and feverishness; a rise which
might be serious in an adult may, in a child, be due only
to a fit of crying, while, on the other hand, changes of
temperature to which an adult could readily adapt himself
may seriously affect a child’s health. Moreover, the sur-
face of a child’s body is much greater, in proportion to its
bulk, than that of an adult, thus allowing scope for a
greater loss by radiation and conduction. For all these
roasons, children are extremely susceptible to changes of
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APPENDIX—PHYSIOLOGY.

—r A O

THE BUILD OF THE BODY.

_—

PuysioLogy deals with the functions of life. Human
Physiology treats of the functions of the various organs
of the human body. The science which treats of the
structure of these various organs is termed ANaTomy, and
some knowledge of anatomy is essential to the student of
Physiology. We cannot deal with the functions of the
various organs without knowing the main details of their
strueture.

TrE Bopy.—The body is composed of head, trunk and
limbs. The HEeap consists of the Cranium (a bony box
containing the brain), the face, the organs of sight, hearing,
smell and taste, the teeth, various glands, blood-vessels
and other tissues. The TRUNK is a cavity divided into two
parts by a partition termed the Diaphragm or Muidriff.
The part above the diaphragm is termed the Thorax or
Chest, and contains the heart and its great blood-vessels,
the lungs, and the air tubes connecting them with the
external air. The lower part is termed the Abdomen or
Belly, and contains the liver, stomach, pancreas, spleen,
kidneys, bladder and intestines. Certain vessels pass
through the diaphragm, which is, however, airtight, so
that the cavity of the chest is hermetically sealed, a fact
that must be remembered as having an important bearing
upon the work of respiration.
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bladder are contained. The union of the hip bones in this
manner provides a rigid foundation on which the Spinal
Column may be supported.

THE Heap—The bony part of the skull consists of two
distinet parts—eight bones forming the cranium (the
brain-box), and fourteen bones forming the face. It
should be remembered, however, that, in early childhood,
certain of these are composed of parts so distinet as to
form really separate bones ; while, in adult life, certain of
the bones, distinet in childhood, are joined into one. The
bones of the Craxium are united by serrated (saw-like)
edges, known as sutwures. The irregular projections on
one bone dovetail into recesses in the opposite, so that the
two are held firmly together. The head bones are the
frontal or forehead bone, the two parietal bones which
form the greater part of the roof of the skull, the occipital
bone which joins these at the back and curves under to
form a great portion of the base of the skull, and the two
temporal bones which form the sides of the skull and
enclose the organs of hearing. The other two are the
sphenoid, which fills the cavity left at the bottom of the
skull between the occipital and the frontal bones, and
the ethmoid, a spongy bone not visible from the outside,
which fills the space between the orbits or eye cavities.
There are also, in addition, the four small bones of the
internal ear.

The bones of the face are two superior maxillary bones,
forming the upper jaw, two palatal, forming the palate, two
nasal, two lachrymal (small bones, grooved to allow
the tears to pass through them into the cavities of the
nose), two inferior turbinated bones (scroll like bones
projecting into the nostrils), one vomer (separating the
nostrils), two malar bones (the cheek bones), and one
inferior maxillary (the lower jaw bone).
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The corpuscles are formed (a) in the red marrow of bone,
(b) from the white corpuscles, and (¢) from the blood
platelets. The two last sources, however, are rather
matters of surmise than of certainty. The red corpuscles
are broken down in the spleen.

The White Corpuscles are irregular and of continually
varying form. They are the ordinary Lymph Corpuscles
and are formed in lymphatic tissues. Their function
appears to be the building up of new tissue or the removal

of foreign matter which is likely to prove noxious to the
body.

The Emigration of Leucocytes is a phenomenon
observed when tissues have been damaged. There is a
rush of blood to the place, the white corpuscles, in greater
numbers than usual, pass through the capillary walls to
the seat of the injury. Here they may (1) surround, remove,
and destroy a foreign particle, disease germ, or a portion
of decaying tissue; (2) become connective tissue cells,
helping to form the cicatrix by which the wound is closed ;
(3) be destroved, forming matter or pus.

Tur Fuxcrions or THE Broop.—The functions of the
blood may be conveniently summarised as follows :—

(@) It carries orygen to the tissues.-——This is the
function of the red corpuscles of the blood. The
process of oxidation—the chemical union of the
oxygen with the tissues and their constituents—is the
main source of the heat and energy of the body.

(b) It conveys nutriment to the {1ssues.—This is
the function of the fluid part of the blood. Nutrient
material is absorbed through the walls of the blood

the walls of the blood-vessels as Lymph. This bathes
the tissues, enabling their cells to draw from it the
nutriment they re juire.
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away from them by means of Veins. The motive power
is the beat of the Heart.

Tar Hesrt.—The heart is a hollow musecle, conical in
shape, and about the size of the owner’s fist. It is placed
in the thorax, slightly to the left of the central line, its
base being upwards and towards the left. It is divided by
a longitudinal partition into a right and a left half, and
each half is divided transversely into two chambers, the
upper being the Awricle and the lower the Ventricle. The
two auricles receive the blood brought to the heart by the
great trunk veins, the two ventricles pump it from the
heart through the great trunk arteries. The right side of
the heart receives the vitiated blood from the system and
forces it, for purification, through the capillaries of the
lungs, the left side receives it from the lungs and forces
it through the capillaries of the body generally. The
auricles are separated from the ventricles by valves, open-
ing downwards into the ventricle. That on the right side
is the tricuspid valve, which, as its name implies, has
three flaps; that on the left is the bicuspid or mitral
valve, which has two. When the muscles of the wall of
the ventricle contract, the effect is to decrease the size of
the cavity until it almost disappears. Hence, any blood
contained is forced out. Two openings exist—one leading
into the arteries, the other back into the auricle. But the
contraction of the ventricle forces the blood behind the
valves, floating them wup and eclosing the ventriculo-
auricular opening. The valve-flaps are prevented from
being forced backwards into the auricle by cords—the
chordae tendinae, which fasten their free edges to mus-
cular projections in the walls of the ventricles, known as
columnae carnae (fleshy columns). As the walls of the
ventricle contract the cords naturally grow slack. But
the muscular pillars to which they are attached contraet
also, being part of the heart muscle, and this has the
effect of tightening the cords again.
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These movements result (a) from the contraction of the
muscular part of the diaphragm, and (b) from the contrac-
tion of the tntercostal musecles, which lie between the ribs,
and join them one to another. Thus, inspiration com-
prises two mechanical processes :—

i. The expansion of the thorax as a result of
muscular contraction.

ii. The expansion of the lung as a result of atmo-
spheric pressure.

Note that (ii.) depends upon the fact that there is no
atmospheric pressure on the outside of the lung, the
chest being air-tight. If a hole be made into the chest
the lung, which normally fills it, shrinks away from its
sides and will not expand. The pressure is equal on both
sides of it, and its own elasticity keeps it contracted.

Tre NERrRvous GoOVERNMENT oF REespiRaTION.—The
muscular movements of the chest wall are governed by
the currents of energy sent along certain nerves. That
going to the diaphragm is the plrenic nerve ; those going
to the muscles of the ribs are the intercostal nerves. The
impulses sent along these nerves come from a tract at the
top of the spinal cord, known as the * RESPIRATORY
CeENTRE,” and their nature is determined by that of the
blood which passes through the respiratory centre. If
the blood is poor in oxygen the centre is stimulated,
impulses pass rapidly to the muscles of the ribs and
diaphragm, and breathing becomes more hurried. If
the blood passing through the centre is rich in oxygen,
the impulses sent from the centre are fewer and the rate of
breathing decreases. Anything (e.g., exercise), therefore,
which causes the blood to lose its oxygen, and any-
thing which hinders its re-oxygenation (e.g., a vitiated
atmosphere) will quicken the rate of respiration.
















































































































