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PREFACE.

m——

Trrs edition has been carefully revised and certain changes
have been made which will, it is hoped, add to the useful-
ness of the Manual. Twenty-six paragraphs have been
added to the first nine chapters ; and a few paragraphs on
Village Hygiene to Chapter X. Chapter XI on Epidemics
and Epizootics and Chapter XII on Sanitary Law are new.
Appendices on Famine, on Famine Foods, and on Quaran.
tine bave been added; the Dietaries Appendix has been
condensed and otherwise improved : while the Appendices
relating ¢ ras Waters, Soil‘s, and Climates have been
omitted. Tha¥ of Statistics has been brought down to

date as far as possible.

1 have to thank my friends éurgeons-Major Cornish,
Bidie, and Macrae, and Surgeon W. Hamilton for the kind
assistance they have given me.

February, 1880, H. K
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THE

MADRAS MANUAL OF HYGIENE.

CHAPTER I

INTRODUCTION.

Hyciene is the Science of Health. Its subject is every-
thing capable of affecting the sanitary condition of human
beings or of the lower animals dependent on or connected
with Man. Its principal object is the discovery of the laws
on which depends the efficient performance of the physical
and mental functions of Man. The practical application
of these laws to the prolongation of life, the preservation
of bealth and the prevention of disease constitutes the Art
of Preventive Medicine.

2. The most important subjects requiring investigation
in relation to human health are : the A1k we breathe ; the
Crivate in which we live; the WarER we drink or use
for other purposes; the Foop with which we maintain
our minds and bodies; the SoiL on which we tread and
build ; the DweLLINGS we inhabit ; the CLOTHING we wear ;
and the Exggrrion, physical and mental, which we undergo.
These relate principally to the preservation of health.
With a view to ghe prevention of disease the conditions
essential or favorable to the generation, spread and
decline of special maladies must be studied, more particu-
larly in the case of ErmEmics. It is obviously often
impossible to say where preservation ends and prevention
begins, but the distinction is on the whole convenient.
Preservation is more general jn its aims and efforts ;
prevention more special. .- :

3. The prevention and extirpation of Erizoorics® form
a subject of considerable impertance, both primarily,

* Diseases prevaiﬁ‘ -extensively amongst speoies of the lower
animals at any parti time,
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and secondarily in connexion with Food. The study of
EpiruyTICS* also, of their causes and remedies, in relation
to Hygiene, is deserving of more attention than it has yet
received. Expemicst are dependent upon Soil, Water,
Climate and other more general heads of inquiry.

4. Ignorance, apathy and indisposition to change, no
less (but scarcely more) prevalent in this country than
in the West, render necessary the pressure of Laws, to
enforce attention and obedience to established sanitary
principles. Hitherto sanitary legislation in India has been
tentative and more than cautious. How closely it may
follow in the footsteps of Western experience, without
exciting impatience and irritation to such a degree as
would outweigh the benefits proposed, is a subject which
demands most careful inguiry into the effects of legislative
measures now in force upon the opinions, feelings and
]snrejudices of the population. The chief use of sanitary

TATISTICS in this country at present is first to ascertain
and then to demonstrate that sanitary measures have pro-
duced definite improvement in the condition of the people.
By this means prejudices will best be overcome, and the
way prepared for further beneficial legislation.

* Digeases widely affecting one or more species of the vegetable
kingdom. The word is used with a different meaning in technical
Botany.

+ Disenses generally prevailing in a particular locality.



CHAPTER 1L

AIR.

5. Atmospheric &ir consists of a mixture of oxygen
and nitrogen, with small quantities of carbonic acid and
aqueous vapor, and traces of nitric acid, ammonia, and
marsh gas or some other combination of carbon and hydros
gen. Airis impure when it contains excess of any of ite
ordinary components or any substance besides them.

6. The normal proportion of oxygen may be taken ad
2096 volumes in 100. In pure air over mountains if
rises to 20'98 ; in towns it falls to 2090 or even lower.*

7. Ozone is & modified and more active form of oxygen.
"It is generally present in the atmosphere, more abux-
dantly at_night than by day, and is believed to be benefis
cial, unless when in excess, in which case irritation of the
bronchial passages results. It is absent from the air of
ill-ventilated sick-rooms, and at & minimum during cholers
epidemics. It is produced by the passage of electrical
discharges through air, and by other means. Its amount
is estimated by the degree of blueness given in a-definite
time to test-papers prepared with a mixture of potassinm
iodide and starch. Other caunses, however, are capable
of producing toe swme coloration, and » yoantitative vesh
for ozone which can be depended upon has yet to be
discovered.t It is converted to ordinary oxygen by heat,
slowly at 100° C., instantaneously at 300° C.

L

# Regmanlt found the mean of 100 Paria samples to be 2098, the
maximom being 20-999, the mivimum 20-918. The mean maxi-
mum of 1956 samples from varions sonrces examined by him was
20'988. The mean minimum.20-949. The variations are almost
invariably confined to the second or third decitnal place. R

[ 3
t Other  tests are %rowning of test-papers dipped in the
mang::em sulphate, wﬂle whitening of paper w m@&y lead
sulphide. o ' "



4 AIR.

8. Ozone is an allotropic medification of oxygen, and its molecule
is supposed to contain three atoms, while that of ordinary oxygen
contains two. Its density is one-twelfth greater ; its power of oxida.
tion guperior,  All the processes of Nature which develope elec-
tricity by friction, chemical action or otherwise, generate ozone.
Tta presence in considerable quantity is sttended with a peculiar
pungent odor, as when the electric spark is passed deveral times in
succession through air, and from this fact ite name is derived.

9. The oxidation of the essential oils of odoriferous plants is

\ slso suppored to cause the evolution of ozone. In most cases the

development takes place only under the influence of sun-light, but it

also ocours in the dark. The cultivation of aromatic and flowering
plants about unhealthy places is, therefore, indicated.

. 10. Nitrogen is not directly poisonouns, and slight excess
of it, which may occasionally and temporarily exist, is not
injurious. The average proportion may be stated as 79
volumes per 100.

11. Carbonic acid varies in amount, in pure air, from
0'2 t00'5 volume in a thousand. The average is taken
at 04 and the guantity is excessive when it exceeds 0°5.
The proportion increases as we ascend from sea-level to a
height of 11,000 feet, diminishing above this elevation;
it is less over sea than over land, and is greater in sea-air
by day than by night, the difference being from 0-054 to
0-033 per cent. It is diminished by heavy rain, which
washes it out of the atmosphere. The ordinary causes of
excess of carbonic acid in the atmosphere are the respira-
tion of animals, the exhalation from their skins, combus-
tion and putrefaction. It is, therefore, more abundant in
densely populated districts. The mean of 18 determin-
ations by Dr. A. Rmith of carbonic acid in the air of close
places in London was 1'288 volume per 1,000, the maxi-
mum 3-20. TIn a crowded school-room Pettenkofer found
7+23 per'1,000.

12. Respired air contains 40 volumes of carbonic acid
in a thousand, an adult man at ordivary labor giving out
from his lungs from 12 to 16 cubic feet in 24 hours. An
undetermined guantity is exhaled from the skin of living
apimals. A given volume of -coal-gas produces, when
burrt, abont twice its bulk of carbonic acid. The com-
bustion of a pound of oil generates nearly as much as 10
cubic feet of gns. A pound of dried wood requires 120
cubic feet of air for complete combustion, the principal
product being carbonic acid ; and a pound of coal requires



EFFECTS OF CARBONIC ACID. 5

twice as much. Putrefaction is chiefly the slow oxidation
of organic matters, by which, amongst other changes,
carbon is converted into carbonic acid. This gas consti-
tutes 16 per cent. of the emanations from sewage, and ,
sometimes 2 or 3 per cent. of sewer-air. The atmosphero
of burial-grounds has been found to contain from 07 to
0-9 volume per thousand, and that of marshes from 06 to
0-8 or more. '

13. The effects of breathing air containing excess of
carbonic acid vary, not only with the quantity present, but
also with individual peculiarities. In some persons 15 %o
20 volumes per thousand produce severe headache, while
others can inhale with impunity air containing a much
larger proportion. The fatal dose ranges between 50 and
100 volumes per thousand. It is probable that a much
smaller amount than 15 per thousand produces a degree
of discomfort indicative of incipient intoxication.

14. It is difficult to ascertain the effect of excess of
carbonic acid alone. In respired air organic matters and
other deleterious gases arc present algo, and answerable
for much of the injurious result of inhalation. In manu-
factories of agrated waters air containing 2 volumes per
thousand of carbonic acid is breathed without mischief ;
but respired air containing one volume produces perceptible
ill-effects, and if from 15 to 3 be present, headache and
vertigo result. It has been conjectured that inhalation of
air containing excess of carbonic acid is a common source
of phthisis, but' the facts which appear to support this
view relate to air vitiated by all the products of respiration,
not by carbgnic acid only. ‘

~ 15. The ill-effdcts of the latter are only partly due to
direct intoxication. Its presence in excess diminishes the .
supply of oxygen to the blood, and impedes effective
elimination of carbonic acid from the lungs.

- 16. The estimation of the amount of carbonic acid present
‘in the atmosphere is effected by means of a solution of
baryta of known strength. A certain quantity of the
solution being bronght into contact with a known volume
of the air to be examined, the carbonic acid of the latter
forms a carbonate with the metal, diminishing propor-
tionately the alkalinity of the solution. The loss of alka-
linity is, therefore, a measure of the carbonic acid present.
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17. Take a vessel of known capacity, from § to 15 litres; dry,
and fill it by means of a bollows with the air to be examined ; pour
in 46 c.c. of baryta-water, (1 litre of which contains 7-000 grms.
crystallized barinm hydrate*), and close the mouth with an india.
rubber cap. Agitate the vessel, so that its whole internal surface
gy be wetted by the solution, and let it stand for half an hour.
Then transfer the solution to another vessel and allow the car.
bonate to subside. Take out 30 c. c. of the rolution and ascertain
its alkalinity, comparison of which with that of the original
solution will show the amount of barium carbonate formed, and
therefore the amount of carbonic acid present in the volume of
air which the vessel contained, i.e, the capacity of the vessel
minus 45 c. c. oooupied by the solution. A simple proportion gives
the volumes per thousand.

18. To estimate the alkalinity dissolve 2:8686 grms. of crystallized
oxalic acid in a litre of distilled water. 1c. c. of this solution will
oorrespond to 0001 grm. of carbon dioxide.+ Neutralize exactly
30 o. c. of the original baryta-water with the oxalic solution, ascer-
taining neutralization with turmeric-paper. As each c. ¢. of the
baryta-water corresponds nearly to 1 milligram of COg, about 30
c¢. c. of acid solution will be required. After the barytn has
combined with the carbonic acid and the carbonate hag subsided,
neutralize 80 c. o. of the supernatant baryta-solution. Subtract the
regult of the second operation from that of the first; the difference
in cubic centimeters, multiplied by 1:6 (becanse 45 ¢. ¢., not 30 c. c.,
were put into the vessel), gives the number of milligrams of carbon
dioxide which have ocombined with the baryta. This number
X 0505817 = number of ¢. c. of carboun dioxide at standard
temperature and pressure. Temperature and pressure at time of
filling the vessel with air must be noted, and the volume reduced to
standard temperature§ and preseure.||

19. Another method is to pass the given volume of air,
freed by means of strong sulphuric acid from agueous

* Hach e. ¢. of this solution of BaH2028 (H20) oorresponds to
1 mgrm. of COg, nearly. 44: 815 :: 0:001 : 0-007159.

+ The molecular weight of orystallized oxalic acid (Hg, C204,
2H20) is 126; of CO2 44. 126: 44:: 0002836 grm. (contained
in 1 ¢. ¢. of acid solution) to 0-001 grm.

1 Alitre of CO2 ut 0° C. and 760 mm. weighs 1'977 grm. There-
fore each milligram ocoupies 0:505817 e. c.

§ Btandard temperature is 0°. The following is the formula for the

. ’ v
correction of observed volume for temperatare—e’' — T 0003665 0003665, ¢ ;
2’ being corrected, and v observed volume, t observed temperaturs,
and 0-008665, the coefficient of expansion for each degree.

|| The following proportion gives the correction for pressure —
standard pressure (760 millimeters) : observed pressure: : obeerved
volume : corrected volume.
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vapor, through a known weight of solution of potash.
The carbonic acid forms potassium carbonate. The
increase of weight divided by 1'977 = volume of carbonic
acid in given volume of air.*

=~ 20. The quantity of aqueous vapor varies from 10 per
cent. of the amount necessary for complete saturation
upwards. Air absorbs moisture from water with which it
is in contact ; respired air is saturated with watery vapor,
and the lungs and skin of an adult exhale from 25 to 4;0l
ounces of water in 24 hours; water is one of the products
of the combustion of ordinary fuel. The hygienic effect of
dryness or humidity upon health, and the proportion of
atmospheric moisture most favorable to health are not
known. The latter has been supposed to be from 65 to
75 per cent., but many healthy climates exhibit a much
higher degree of humidity than this. The amount present
may be ascertained by drawing a known volume of air
through a tube containing pieces of pumice-stone moistened
with strong sulphuric acid, which deprives the air of its
water, and weighing the tube before and after the process.
The increase of weight represents the gquantity of water
present in the known volume of air. Hygrometers or
comparison of two thermometers, one with a wet bulband
the other under ordinary conditions, enable us, with the
aid of tables, to determine the amount of aqueous vapor in
the atmosphere at any particular time. The processes
will be explained hereafter.

~ 21. Traces of nitric acid are always present in air, and
more distinctly after heavy rain and electrical disturbance.
1t has no influence npon health. It may be detected and
‘estimated by applying to rain-water, or to distilled water,
throngh which a given volume of air has passed, the
appropriate tests ; which will be described in the Chapter
on Water.

22, Traces of ammonia also are present in pure air,
and the quantity is increased after heavy rain. When
moist animal matters, containing both nitrogen and hydro-
gen, decompose, ammonia is formed. Nascent hydrogen,
derived from water resolved by any means into its constit-
uents, unites with atmospheric nitrogen to form ammonia.

* The increase of weight is CO+ a litre of which weighs 1-977 grm.
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Tt is one of the products of the combustion of coal. It never
occurs in sufficient quantity to be directly hurtful, except,
perhaps, as an irritant of the conjunctiva ; but its presence
in abnormal amount indicates the existence of danger
from other substances directly noxious, Sewer-air and
the liguid which collects on sewer walls are often alkaline
from ammonia. It is present in excess in the atmosphere
of burial-grounds, and occasionally in that of marshy
places. 1ts presence may be detected by the brownish
color which it gives to log-wood test-paper.* TIts quantity
may be ascertained by means of Nessler's Test applied to
distilled water, (which had been ascertained to be itself
free from awmmonia) with which the sample of air has been
washed.t

23. ImpuriTies of the air are either solid or aériform, the
former suspended, the latter diffused, in it. Inorganic
solids are derived from the soil or sea, from buildings, and
from the materials with which certain employments are
concerned. Minute particles of flint, clay, carbonate and
phosphate of caleium, ferric oxide, of carbon, tarry matters
and sulphur, (arising from imperfect combustion of coal or
wood), are raised from the surface and kept suspended m
the atmosphere. Chloride of sodium, derived from the sea
or the soil, is almost invariably present. The air of coal
mines, of potters” workshops, of rooms where steel instru-
ments are ground, of stone-cutters’ yards and of other
places where the nature of the work involves the disper-
sion of fragments of mineral matter, becomes more or less
impregnated with inorganic impurities.

- 24. Organic suspended matters are more numerous,
more varied and more dangerous. Winds raise dust from
the goil which is found to contain from 36 to 46 per cent.
of organic matter. Evaporation from the surface of water,
especially in marshy places, raises minute organized
particles into the atmosphere. Thus the remains of dead
animals and vegetables, minute living organisms, as vibrios,

‘f Ew_zporatc some tincture of log-wood to dryness; dissolve the
residue in ether, and dip strips of filter-paper in the solution.

+ A kilogram of air from Chelsea contained 0-035 mgrm. of free
ammonis; from the atmosphere over dust.heaps 0-26 mgrm. and
032 mgrm.—the same as bad well.water. A kilogram of London
water was found to contaiv 001 mgrm,
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bacteria and monads or mucedines, tornler and mycoderms,
germs of infusoria or of higher forms, pollen, spores and
seeds float in air comparatively pure. In sewer.air meat
and milk are tainted rapidly, owing to the abundant
presence of low forms of animal and vegetable life. Starch.
cells, hair, wool, cotton-fibres are also present, especially
in dwellings, and more abundantly where manufactures of
bread, clothing, &c., are carried on. Pus-cells and epithe-
lium, excretions, cutaneous, pulmonary, urinary or fecal,
dried and pulverized, will abound in the atmosphere of
dirty and ill.ventilated houses, and in ill-kept hospitals
more particularly.

~ 25. Suspended atmospheric impurities act injuriously
upon health in several ways. The pus-cells of ophthalmia
may float from affected to healthy eyes and communicate
the disease. Certain parasitic skin-diseases, erysipelas and
hospital gangrene, perhaps metria, may also be propagated
by germs or by direct local action of organic poisons so
conveyed. The poison of typhoid may thus reach the
intestinal mncons membrane aud act. The lungs or nasal
mucous membrane may be mechanically irritated by parti-
cles of mineral matters, or by fibres of cotton or wool, and
bronchitis and other pulmonary affections or coryza ensue.
The blood may be poisoned by air inhaled containing the
specific virus of cholera, typhus, typhoid, paludal fevers,
dysentery, variola, scarlatina or measles, Phthisis possibly,
the pleuro-pneumonia of cattle certainly, may be propagated
by sputa. Whether diseases are propagated by living
germs or by dead animal poisons the morbific cause may
enter the blood through the lungs.* Again, suspended
impurities, excep¥ the very lightest, are not likely to reach
the lungs, but will lodge on the mucous membrane of
the nose, the fauces or the mouth, and pass thence by
deglutition into the stomach and intestines. Here they
may set up dyspepsia, &c., by local irritation, or they may
propagate specific diseases through the intestinal tract.
When maladies, not pulmonary, are due to inhalation of
foreign matters suspended in the air, these more probably
act by being swallowed than by entering the blood through

* The condition of the organic substances which cause specific
diseuses is unknown. They may act directly as thrown off from a
diseased surface, or after undergoing putrefactive changes.
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the lungs. This is true not only of diseases due to organic
poisons, but also of the saturniue, mercurial, cuprine and
arsenical intoxications, to which painters and plumbers and
workmen employed with mercury, copper and arsenic are

liable.

- 26. Air containing much organic matter blackens sul-

phuric acid through which it may be drawn, and reddens a
solution of silver nitrate. Thc nature of suspended impuri-
ties is ascertained by the microscope. For collecting them
two methods are available. A vessel of known capacity is
filled with water which is allowed to run out below while
an aperture above, to which a fannel with its neck drawn
into a fine tube is fitted, admits the air. Below the opening
of the funnel a slip of glass moistened with glycerine is
fixed, which catches the solids suspended in the air as it
enters. Or a known volume of air may be drawn through
distilled water and the sediment collected.

~ 27. The remedies for this form of impurity are heat,
corrosive disinfectants, filiration and ventilation. Cotton
wool intercepts all foreign substances snspended in the air
drawn through it, and respirators made of this material are
capable of protecting efficiently persons engaged in employ-
ments which disperse solid particles in the atmosphere, and
all who are liable to diseases dependent upon the inhala-
tion of solid morbific material. The nasal passages, to a
certain extent, filter the air which passes through them,
and the unnatural babit of breathing through the mouth
should, therefore, be avoided. Ventilation will be considered
hereafter. It isonly necessary to remark in this place that
topical ventilation—bringing a strong stream of air to bear
upon the immediate neighbourhood of tool-grinding and
similar machines—has been attended with results most
favorable to the health of the workmen,

- 28, Natural processes tend to keep down the amount of
suspended impurity. The heavier snbstances spontane-
ously subside. Rain washes others to the earth or carries
them down in solution. Part of the organic matter is
gradually oxidized into carbonic acid and water or other
adriform substances.

29. The volatile impurities of air are: organic vapors,
carbon monoxide, marsh.gas, sulphuretted hydrogen,
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sulphide of ammonium, sulphurous and sulphuric acids,
carbon disulphide, hydrochloric and nitrous acids, and
phosphide of hydrogen.

30. Of these the most important, because the most inju-
rious to health, are organic vapors of unknown composition,
and probably of many different kinds. Some properties
of these substances render it even doubtful whether they
are adriform or solid. They do not appear to be diffused
like true vapors, but seem to float in clouds in foul atmos-
rheres, and the offensive odor which is characteristic of
them is not equally prevalent in all parts of a room in
which they have been generated. They resist oxidation
longer than other impurities, and therefore require freer
and more prolonged ventilation than they. It is probable
that they are either in combination with, or in solution in,
aqueous vapor; as substances which most rea.dilg absorb
water, or condense it upon their surface, are found to
collect most abundantly the organic products of respiration.
The color of the absorbent material is said to inflnence
the amount of organic matter absorbed; black objects
collecting most, then blue and yellow, white least.

~ 31. The decomposition of organized structures gives rise
to organic vapor ; but the most important source is the
exhalations, cutaneous and respiratory, of men and other
animals. Putrid organic vapor exists in the air of sewers
and of burial-grounds, but that which accumulates in ill-
ventilated and crowded buildings is more abundant and
more noxious. The guantity of organic matter given off
from the lungs and skin of an adult man is considerable
but has not bean determined,* the organic products of
the skin being suspended, those of the lungs vaporous.t
In hospitals and rooms where sick or wounded persons
lie organic exhalations are still more abundant. To the

* Dr. Angus Smith estimates the animal matter in respired air
at 8 volumes per mille, in the form of putrescible albuminoid
substance.

+ The following numbers represent, with reference to the quantity
of “ orgapic matters '’ present, the comperative purity of different
atmospheres, as determined by Dr. Angus Smith :—pure air on high
ground 176 and 209; in a bed-room 56 and 64 ; inside & house 16 ;
in a closely packed railway carriasge 8; in a house sower 8; ina
cesspool 0062,
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ordinary products of respiration increased cutaneous exha-
lations are added, and efluvia from various excretions.

32, It is not possible to isolate the effects of inhalation
of organic vapor from the other consequences of breathing
alr contaminated with sewage emanations or with the
products of respiration ; the general cffects will be men-
tioned hereafter. Of the complex poison of respired air
the organic vapor is the most active ingredient, and those
symptoms which cannot be traced to deficiency of oxygen
are chiefly due to it. In cases where death has resulted
from overcrowding, without absolute exclusion of fresh
supplies of air, organic vapor has probably been the cause.

33. The peculiar feetid odor of organic vapor exhaled
from lungs and skin enables its presence in occupied rooms
to be detected. Barrack-rooms, jail-wards, school-rooms
and rooms where crowded meetings have been held are
likely to present this conclusive evidence of insufficient
ventilation. Few hospitals are free from it (though all
may be and ought to be), the productive causes being
more active in them than in other buildings. The odor is
too ofteu perceptible, in barrack-rooms for instance, by day ;
but suspected quarters should be visited in the early morn-
ings after the full number of inhabitants has occupied them
for some hours. It is to be remembered that the inmates
themselves are unconscious of the feetor ; that it is more
perceptible in proportion to the purity of the atmosphere
from which the inquirer has passed in; that breathing
foul air impairs, and gradually destroys for the time, the
perception of its foulness, and that this sensibility is not
immediately restored on return to purer air; and that
ability to perceive lower degrees of this peculiar taint is
capable of cultivation by practice.

~ 34. Organic vapor of this kind being generated simul.
taneously with carbonic acid, the quantity of the latter
arising from respiration affords a means of roughlyestimat-
ing the degree of contamination by the former. Mach
carbonic acid implies the presence of much organic vapor.
When the atmosphere of & room, previously pure, becomes
gradually vitiated by respiration, the organic feetor is easily
perceptible when the carbonic acid rises to 0-7 volume per
mille, and very strong when the proportion amounts to 1-0.

35. More accurate means of determining the quantity
of organic matter present in the air are supplied by the
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potassium permanganate test and the process of conversion

. of nitrogenous impurity into ammonia—a known volume
of air being drawn through distilled water. Both these
methods necessarily apply to the whole of the organio
matters, not solely to that which is supposed to bein the
abriform conditibn ; but the latter process more especially
affords the beat quantitative test of atmospheric impurity.
They will be desoribed in the Chapter on Water.

~ 36. Carbon monoxide or carbonous oxide is one of the
products of combustion of coal and wood. It is capable
of passing through the heated walls of iron stoves, less
freely through wrought than through cast iron, and its
passage is impeded if the stove be lined with fire-clay.
Air containing less than 5 volumes per mille, breathed
a small animal, produces symptoms of poisonin%, and if
more than 10 be present it proves rapidly fatal. It enters
the blood through the lungs, displacing an equnal volume
of oxygen, and ocan only be removed gradually after
oxidation and conversion into ocarbonic ucid. The red
globules of the blood become incapable of their function
of carrying oxygen to the tissmes. Consciousness is lost,
reflex action destroyed, atony of the vessels “produoced,
diminishing vascular pressvre, causing retardation of the
circulation and finally paralysis of the heart. The inhala=
tion of this gas is found to produce very rapid parenchy-
matons degeneration of all the muscles and of the solid
abdominal viscera.

~ 87. Marsh-gas or light carburetted hydrogen is a
product. of the. decomposition of organic matter, and con-
stitutes 78 per ognt. of the gases emanating from London
sewage. It is generslly found in the air over marshes,
arising from the putrefaction of vegetable substances. It is
a principal constituént of coal-gas. In small quantities it
does not appesr to produce any ill-effeot, and air containing
us much as 200 or even 800 volumes per mille may be
breathed for some time with apparent impunity.
larger proportion it uces hendache, vomiting, conval.
siong, stertor with tation of the pupil ‘and death.
Habitaally breathed even in small quantities it oan scarcely
fail to be injurious. v )
- 38, Sul hydrogen is a result of the putye.
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‘also of the action of organic matter on su}fhates dissolved
in water, which are converted into sulphides, these being
decomposed by animal or vegetable acids: it is also an
occasional product of combnstion of coal and wood. Hence
it oconstitutes sometimes 2 or 3 per cent. of sewage
emanations and may amonnt to 3 per cent. or more of
sewer atmosphere ; it is found in the air of marshy places,
especially of salt-marshes, as those of Bingapore; it is
resent in the foul holds of ships,* and in the smoke of
ick-kilns. It is invariably present in coal-gas and
rarely in less proportion than 0'3 per cent.

— 39. There are great uncertainty and conflict of opinion
as to the effects of this gas upon tie kystem when inhaled.
Breathed undiluted it destroys life at once. Injected in
solution directly into the blood it produces the same train
of gymptoms as putrid animal flnids—profuse diarrhcea,
sometimes resembling cholera in the loss of animal heat
and general collapse, congestion of the lungs and abdom-
inal viscera, irritation of the spinal cord and opistho.
tonos. In the snaller doses of inbalation, however, the
lower animals, as dogs and horses, suffer from diarrhea
with prostration of strength when the atmosphere con-
tains from 1-25 to 4 volumes of this gas per 1,000 : while
.men have breathed as much as 29 per mille, for a short
time, with impunity. In ordinary cases, where inhalation
has been continuous but the propoghige small, effects have
been contradictory : some persons sgffering, others remain-
ing apparently unaffected. The intensity of malarious
intoxication in some Italian marshes hes been attributed to
the admixture of sulphuretted hydrogen in the air; while
others have supposed it to have & neuntralizing effect upon
malaria. The symptoms of chronic poisoning seem to
be weakness, anorexia and anemia. f: acnte cases the
symptoms are sometimes narootic, sonietimes convalaive.

40. The characteristic odor of this offensive gas rengers.
its presence, even in small quantitiew, perceptible.” %"
blackens white paint prepared from lead carbonate, and a
slip of white filter-paper dipped in a solution of & lead #iit,
(s the acetate), is blackened by a quantity too emall to

- T

® Grain saturated with sea-water becomes ly offensive from
this cause chiefly 1 and in a recent cage a mu%ydlnck&hk'
» wrecked v of putrid rice died poisoned or ‘ koo
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be detected by the smell, the black lead sulphide being
formed. The method ef quintitative determination will be
given hereafter. .

“" 41. Sulphide of ammonium is derived from the same
sources as sulphuretted hydrogen. In large doses it
asphyxiates when inhaled ; in smaller it prodaces vomiting
without purging, quickness of pulse, heat of skin, followed
by collapse. Injected in solution into the blood, its effects
resemble those of sulphuretted hydrogen. Its presence is
dotected by the sodium nitro-prusside which, with this (and
the other alkaline sulphides), gives a brilliant purple color.

~ 42, Sulphurous acid, sulphurie acid, and carbon disul.
phide are products of the combustion of coal and, in a
less degree, of wood. Imperfectly purified coal-gas
generates, when burnt, the former two, but none of them
18 of any importance as regards health, their quanti
being insignificant. Inhalation of sulphurous acid undi.
lnted is fatal; in small amounts it produces lacrymation
and sneezing; in considerable quantity, bronchitis and
ultimately ansemia. .

— 43. Nitrous acid is formed by the oxidation of nitro.
enous substances and traces of it are frequently present.
hosphuretted hydrogen arises from the position of

organic animal and vegetable matter containing phos-
Ehorns. It is found occasionally over marghes and in

urying-grounds.

—44., The effects of breathing an impure a.tmosFBere aro
to be looked for not merely in the production of definite,
still lesa-of speeific, ailments, but also in an impaire
sondition of general health, shown by increased lisbility to,
and greater severity of, diseases, protracted convalesdefice,
shortened durstion of life, higher death-rate, especially of
children. None of the imparities above described -ocoum
singly, and difforent combinations of them are found nnder
lifferent ciroumstances, producing various effects. These
mnst be briefly considered before entering upon the subject
of the means gy which atmospheric impurity is mitigated
r'removed. :

" 48, l;l;o.nir oim%ro::mor dwellin en::;im
yxooes of squeons vapor carbonio acid, as wellas:
sy langs and skin. The effects of hnmmﬁu
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atmosphere are well marked. A few hours suffice to pro.
duce febrile eymptome, hot skin, raigid pulse, furred tougne,
anorexia, thirst, &c., and these cffects persist for 6ne or
more days afterwards. If the intoxication be still more
acute, as when the proportion of space to number of living
beings is excessively low, asphyxia from deficiency of
oxygen and direct poisoning from organic exbalations
combine to destroy rapidly the life of the most susceptible,
while the survivors suffer for some days subsequently from
symptoms similar to those just described ; and the impair-
ment of the vital powers is sometimes evinced by boils.
Living habitually in an atmosphere tainted in a lower
degree with the products of respiration exercises.a most
injurions influence upon the general health ; often aggra-.
vated by want of exercise as in the case of tailors, semp-
stresges, school-children &c., by the presence of dunst of
varions kinds in many manufactures, or by idleness and
ennui in tht case of the soldier. Paleness, with loss of
apgetite, strength and spirits, shows deterioration of health
and consequent inability to resist epidemic or infectious
disease. The proportion of phthisis and of pulmonary
diseases is higher amongst persons exposed to these
unfavorable conditions and the £’minution of such affections
among soldiers and sailors by improved ventilation of
barracks and ships has been marked. Cows, horses &c.
suffer like human beings; and it is well known that the
monkeys in the London collection died in large numbers
‘of tnbercular phthisis, 80 long as the arrangement of their
g;z;rbers was such as to prevent the escape (except by
iffusion) of the products of respiration.

~~ 48, The air of rooms or buildings devoted to the sick
unecessarily contains additional impurities. The proportion
of organic matter, both suspended and vaporous, is much
increased ; producing, unlese corrected, not only general
impairment of vital power, shown by intensified diseane and
retarded convalescence, but also specific maladies of which
the generating causes aconmulate if not removed. ~Under
such circumstances erysipelas and hospital gangrene may
be developed and the communication of other infections
diseases favored.
~ 47. The products of combustion rarely accamulste.
Breathing air of close rooms where Jamps, - eepscially -
va-lampe, are burning;*sometimes csuses hendsche andn
eeling of oppression, owing to the formation of the oxides
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of carbon; and much sulphurous acid arising from the
combustion of coal-gas may produce some bronchial irri-
tation. Minute quantities of this acid, as well as particles
of carbon and tarry matters, may act rather beneficially
than othorwise. Indirectly combustion may be injurions to
persons chilled by passing from a heated room to the colder
atmosphere without. ‘

—~ 48. The decomposition of animal matter yielding carbonis
acid, marsh-gas, nitrogen in large quantity, (sewage emana~
tions sometimes containing 10 per cent.), sulphuretted and
phosphuretted hydrogen, ammonia and acetic acid; and
that of vegetable matter, carbonic acid, nitrogen and acetio -
acid ; sewer-air generally contains some ingredients which
are asphyxiating and others which are directly poisonous.
The opening of cesspools has thus proved fatal to workmen.
Ophthalmia, bilious diarrhoea, and colic have been known
to prevail amongst persons employed about sewers. The
habitual inhalation of air polluted by communication
with sewers produces headache, nausea, diarrhoea, general
malaise ; and, if continued long, great impairment of health
and a state of anmmia. Sometimes brief febrile attacks,
characterized by severe headache and derangement of
digestive organs, have been observed. Diarrhos may arise
from the emanations from fecal matters in sewers, especially
if the poisonous effects are concentrated by high temper-
ature and drought, which may also assist by rendering
the water-supply impure. The connexion of enterie fever
with sewer-air is still obscure. Emanations from-sewers
containing the stools of typhoid patients will undonbtedly
produce the di in persons unprotected by a previous
attack. Imperfec\( sewerage favors the spread of typhoid,
improved sewerage has bedn followed by disappearance of
the fever. - Onr:go other hand fecal accumulstions may
exigt for years, and their emanations pollute the air withous
the production of this epecific disease. It seems probabls,
therefore, that, as & general rule, sewer-air must contain
the specific poison of enteric fever in order to generate the
dissase ; while the possibility of de novo origination, through
;l;edoommen‘ Ooe af gomplox and unk!;:l)xn I:;.:pa diﬁom,w 5, cannot

anied. Other disgases, aa erysi y i 2113700 o,
the ‘exsnthemata, veneréal affactions, yer &o.’,
have their severity aggravated in an atmosphere tainted by
sower sminnations.
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“" 49. The effect, general and special, npon health, of fiecal
matters accumulated and concentrated in sewers is perni-
cious, if they are permitted to contaminate the air we
breathe; but, when they are scattered upon the surfuce of
the ground, they are comparatively harmless, however
disagreeable. Their emaunations are immediately and
copiously diluted with ordinary air. Collected in heaps the
are nearly as hurtful as in open sewers. Mixed with eart
they, in most cases, lose all dangerous properties; though
specific poisons, as that of enteric fever, may not be thus
destroyed and may propagate disease. Emanations from
streams into which sewers discharge excrementary matters
will generally be diluted to harmlessness.

~ 50. Residence in or in the neighbourhood of grave.
yards is necessarily unwholesome, Although the impure
atmosphere may cause no definite disease, it impairs health
and diminishes power of resistance to morbific causes.
The polluted water of such localities contributes to this
result. The decomposition of unburied animals, as in
dissecting-rooms on the small scale and battle-fields on the
large, sometimes appears to produce bowel-complaints and
can scarcely fail to render the air unwholesome always,
though satisfactory evidenco is wanting. Attendance at
iunerzls appears to have been sometimes injurious to the
ealth.

51. Theair of marshes, and of other places not apparently
wet, where organic vegetable matter is undergoing decom-
position, produces intermittent fevers and econgestion of
‘the spleen with impairment of nutrition and shortening
of the mean duration of life. Malarious dysentery some-
times resnlts. These effects, however, are probably due as
much to the water of such localities as to the air,

52. Air is purified by rain which carries dissolved and
suspended matters to earth; by windsand ocurrvents dis-

raing and diluting foreign substances ; by the vegetable

ingdom which, under the influence of light, décomposes
carbon dioxide, retaining carbon for ite own structures
and giving out oxygen ; by oxidation of putrescent organio
matter; by diffusion of aériform bodies; by deodorants
snd disinfectants ; and by ventilation, ‘

- 53, Diffusion is the intermixture of aériform bodies
which’ do not act chemically on each other and which aré
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either directly in communication or separated by a porous
medium. Two gases or vapors thus intermixed can.be
sc;parated only by chemiocal action or condensation of one
of them. The rapidity with which diffusion takes place
varies with the difference of densities of the diffusing
bodies ; the greater this difference, the more active is the
process of intermixture.

B4. The diffusiveness or diffusion-volume of a gas varies inversely sa
the square-root of the density ; therefore, the time of diffusion (which
is inversely as the volume diffused) varies directly as the square-root
of the density.* Asall agriform bodies may be taken to expand
equally under the influence of equal increments of heat, their relative
densities are constant, and, therefore, their relative velocity of diffu-
sion is unaffeoted by changes of temperature. The total rate of
diffusion of equal volumes is increased by incresse of temperature,
because thereby the densities are diminished; but the rate of
diffusior does not increase so rapidly as the expansion by heat.
Whence it follows that a given weight of any gas or vapor is diffused
more rapidly at a low than at a high temperature.

55. Deodorants are substances which destroy offonsive
odors or mask them by others, agreeable or less disagree-
able. There is no necessary connexion between stinks and
injurious atmospheric impurity ; some offensive gases and .
vapors (as sulpburetted hydrogen, ammonium sulphide
and organic respirstory vapor) being deleterious, while
others, also poisonouns, (as the carbon oxides and malaria)
are not perceptible by the sense of smell. On the other
hand, air impregnated with innocent odors may be exceed-
ingly offensive to the nose. Deodorization, therefore, in
itself is comparatively of little importance to health ; it
may even do mischief by leading to the belief that an
impure atmosphere is pure beoause it is inoffensive to the
sense of smelf. ¥ Most, disinfectants are deodorants also,
but this property is accidental not essential. B

56. Disinfectants are substances which destroy or pre-
vent the generation of atmespheric impurities injurious

* fpppose air and hydrogen to be the diffusing gases, the
density of air is taken as unity and its diffusion~volume will in 1, o

the density of hydrogen is 0:0892 ite diffusion.volume = Wl‘f"-in“ =

o.—!ﬂ}-ﬂ 87994, Aotual experiment gives 8'83. Thauif a body-of’
air and & body of bydrogen are in commaunication 3:88 volnmens of
bydrogen paas into the air while one volume of air passes iato the

AN
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to health. They may act by decomposing noxious gases
or vapors, refolving them into harmless elements or com-
binations; or by arresting putrefactive and fermentative
processes; or by killing the living germs of diseases; or
by destroying organic poisons; or by favoring the rapid
oxidation of putrescent matters. As some are efficient in
more than one of these ways, it is not possible to classify
disinfectants according to their modes of action; and the
division into solid, lignid and gaseous is convenient though
unscientific.

57. Of solid disinfectants charcoal is the best. It
absorbs sulphuretted hydrogen and other aériform products
of the decomposition of organic matterss The volatile
organic emanations of disease are similarly absorbed, and
oxidized by means of the oxygen which is present in the

res of the charcoal. It has no direct effect on suspended
impurities, bat may remove some of the atmospherie
conditions favorable to the growth of those which are
organized and slive. It is a cheap and effective disinfec.
tant, and should invariably be present in hospital-wards,
latrines, sewers and other places where offensive and
unwholesome gaseons effuvia exist. Its efficacy is propor-
tional to the amount of surface exposed, and therefore, it
should be sub-divided as minutely as possible. Hence,
animal charcoal is a better form than ordinary wood-
charcoal, and this, when used, should be broken up. Peat
comes next to animal charcoal in suitability for disinfection.
This power of chavcoal i8 impaired or destroyed by use
and restored by re-burning.

58. Dry-earth, especially if it includes calcareous matter
and bumus, is a powerful absorbent of offensive emana-
tions, but considerably inferior to charcoal. It is incapable
of destroying either the low forms of life or the nio
poisons which propagate disesse. It is not improbable
that the latter may be protected from disintegration by
earth, and may resume activity under favorable conditions,
but, on the whole, the risk of pro tion of diseass by
fwoal matter is diminished when the Iatter is thoroughly
mixed with dry-earth. Dry-earth is a valuable deodorant
but ite disinfecting power 1s small. '

_59. Lime, caustic or slaked, removes carbonic acid and

offensive sulphur compounds from the'air by enfering into
combination with them. Inthe former condition it-destroys .
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. all organic matter with which it comes in contact, and
is, therefore, useful for obviating dangsr from putrescent
animal substances as dead bodies and fwcal evacuations.
The hydrate applied to buildings in the form of white-wash
deodorizes and nentralizes, temporarily at least, the effecta
of such orgunic matter, living or dead, as may be adherent
to the walls. It may, however, be used so s merely to
conceal dirt and to cover without devitalizing organic
poisons capable of becoming mischievous at a later time.
Walls shonld be carefully scraped before a fresh cost of
Jime-wash is applied and the scrapings bnrned or buried.
Lime arrests the alcoholic fermentation, but rather by
procipitating the sugar than by destructive action’on the
ferment; so that its action in arresting other fermentative
changes is donbtful.

60. The carbolates which constitute McDongall’s
Powder and similar preparations® are very valnable both
as deodorants and disinfectants. They probably arrest
putrefactive and fermentative changes, and destroy the
organized products already formed, in the same mauner as
cs;bo}ic acid, while the earthy bases absorb the offensive
effluvia.

61. Chloralum, as the impure aluminnm chloride has
been unfortunately called, is a deliquescent solid, capable
of decomposing salphuretted and phosphuretted hydrogen
and ammonium sulphide. It is & powenful antiseptic sad
is itself inodorous, It is not poisonous. It will probably
come into nse extensively in this country. It may be
applied in the solid state or in solution. Other soluble
metallic cblorides are similarly useful.

62. Liguid disinfectants are more convenient in applica-
tion than solid, as they can be dispersed more freely, and
can be kept in concentrated solutions until required for
use. Their effect, s limited, like that of the former elass,
to the air imwmediately in contact with them, and it ia,
therefore, desirable to extend the exposed surfaces as much
88 posaible by putting the lignids in brond, shallow vessels,
or sprinkling oncloths. Ledoyen's finid is & solution
of the lead nitrate, which rapidly decomposes snlphuretted
h{dmgan and is, therefore, adapted to the deodorisation
of sewors and ocesspools, - To prepare it & pound of

#.MeDougelVs Powder copsists mainly of caloium carbolnie sad
sagnesium syiphite : Calvert’s of alumizuw carbolate snd siticn.
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litharge is mixed with a little water and about seven
ounces of nitric acid gradually added. The result diluted
to two gallous is poured into the offensive place.

63. Burnett's fluid is a solution of ginc chloride con-
taining twenty-five grains to the dram. A pint of the
fluid is diluted with a gallon of water for use. It decom.
poses sulphuretted hydrogen and ammonium sulphide, and
by its caustic properties destroys organic matter. The
application of this chloride to stumps and other wounds
has been attended with excellent results, in diminishing
suppuration and the danger of unhealthy action arising
from organic poison or germs floating in the air. The
solution thus employed contains 40 grains in an onnce.
The fluid itself is a corrosive poison.

64. The zinc and iron sulphates both decompose the
offensive snlphur compounds before mentioned and also
prevent zymotic development, that is the formation of
those products of fermentative putrefaction which give
rise to non-specific diseases. The same may be said of
the ferric chloride. In this case the deodorizing result is
aided by the ferric oxide derived from the decomposition
of the ferric sulphide first formed, which also acts npon
snlphuretted hydrogen. Condy's Fluid, a solution of
alkaline permanganates, acts by oxidizing organic matter
and by decomposing ammonia compounds. Lastly, carbolic
(or phenic) acid in solution completely arrests the putre-
faotion of dead organisms and kills the lower forms of life
on which fermentation depends. It is supposed also to
check suppuration and to suspend animation in the germs
to which the propagation of many diseases, surgical and
medical, is attributed. It is a very valuable antiseptio and
a usofnl disinfectant, and will probably hold ita present

und in the favor of hygienists to a considerable extent.

t has the disadvantages of being poisonons, and of being,
in its commercial form, di ble in odor to many
persons. The acid itself is inodorous.

65. A mixtare of eight ounces of sulphate of irom with
one ounce of carbolio acid and three gallons of weter
is recommended for the disinfection of the clothing &e.
of searlating and varicla patients. Solution ofmgn'io
chloride (sp. gr. 1'300) with ten parts of impure carbolic

¢ The Paris Morgae is deodorised by & countingons stream of
ocarbulised water, containing 1 part of the scid in 4,000,
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acid, largely dilated with water, is usefal in latrines,
sewers, confined rooms &c. A conoentrated solution of
the ferric sulphate may be used instead of the chloride.

66. Of the gaseous disinfectants chlorine is the most
common. It decomposes sulphuretted hydrogen and
ammonium sulphide by combining with their hydrogen,
and is superior to other gases for this purpose. It destroys
organic odors®and, to a certain extent, organic matter,
dead and living ; but to be efficacious in this nse it must
be present in amount intolerable to the respiratory organs.
A room to be effectually disinfected with chlorine must be
cleared and fully ventilated afterwards. Mixed with air,
even in small proportion, it is irritating when inhaled ; in
large quantity it is directly and powerfully poisonous, Its
odor 1s penetrating and disagreeable, and its bleaching
properties may be inconvenient in many cases. It may be
disengaged in several ways. Chlorinated lime or soda,
moistened with water or in damp air, slowly evolves
chlorine. The substance is exposed in shallow dishes, or
z-ink]ed about, s0 a8 to give as large a surface as possible.
The may be extricated from a mixture of four parts by
weight of commercial hydrochloric acid with one part of
manganese dioxide {the * black oxide’) in powder; or
from four parts of common salt, one of the dioxide, two of
oil of vitriol and two of water, gently heated. By another
method a solution is obtained from which the chlorine is
gradually given off and which can be kept in & stoppered
bottle for use as required. Mix one part by measure of red
lead and four parts of common salt with 160 of water and
add by degrees four measures of oil of vitriol. Oommon
salt thrown upon a brifk charcoal fire is a useful disinfectant.

67. Iodine vapor is & powerful deodorant, decompos-
ing sulphuretted hydrogen, destroying putrid emanations
and arresting putrefaction. Its presence in wards where
small-pox cases are lying, or slonghing or profuse suppum.
‘tion is going on, adds gressly to the comfort and somewbnt
to the sanitary improvement of the inmates. A dram of the
substance snspended from the ceiling will disappear by slow
sublimation, and this mode of using iodine is. adapted for
general application in hospitals. If rapid evolution of the
vapor is required it may be effected by throwing the eolid
on & hot plate or on hot cosls ; or a saturated solution in
water may be dispersed as apray.
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68. Bromine has been found useful for the same pur-
poses as iodine, but it is dearer, the vapor is highly irritant,
and its use demands care to prevent excessive evolution,
Dissolved in solution of potassinm bromide it is exposed
in saucers to the air.

-

€9. Nitrous acid has & powerful effect on organic matter,
being an active oxidizer. Theoretically it imparts oxygen
to putrescent substances, is converted into nitric oxide
and immediately re-formed by combination of the latter
with atmospheric oxygen. It thus destroys offensive
organic vapors, and perhaps also living organisms ; and is
well adapted for deodorizing places where dead bodies are
exposed. It is highly irritant to lungs and air-passages
and induces nauses and vomiting in some persons; it is,
therefore, not fit for use in occupied rooms. It is evolved
by the action of oil of vitriol on nitre, or of nitric acid on
copper; more slowly it is spontaneously extricated frowm
diluted nitric acid.

70. Sulphur dioxide or sulphurous acid decomposes
sulphuretted hydrogen and ammonia compounds. It
arrests putrefaction and fermentation, and destroys the
majority of offensive odors. It acts by deoxidizing. It
affords a convenient. means of disinfecting rooms in which
cases of contagiouns and infectious disease have been treated ;
and, with the aid of heat, is probably the best disinfectant
of clothing. Itsirritant and suffocative effect when inhaled
forbids its use to any valuable extent in ocoupied buildings.
-Hospital-wards should be cleared of inmates before fumi.
gation with this or the previously described gas, and freely
" ventilated wfterwards. It may easily be disengaged by
throwing.esnlphur in powder on burning charcoal, or by
setting fire to spirite otP wine or tar poured over the sulphar.

71. Ogome, as has boen already said, is & 1
oxidizer, and, therefore, may be expected to favor the
disin o m:ind %;nvemon' into innoxiourii forms of dead
organic material. Destructive action npon living germs or
aninaglgnl;s is wot to be ex fromp(i’t. v'll“ll:g readiost
method of preparation is ing o stick of phosphorns
portially immersed in water, wugridmonﬂwg ppered,
glass jar. The quantity of ozons thus formed s be
estimated by test-papers, and the sapply regulated 4 as to
avoid exoess, whick would irritade if in

i~ o
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72. The vapor of vinegar diffused by sprinkling the
liquid on a hot brick, or plate of iron, is deodorant and
capable of neutralizing or decomposing ammoniacal com-
pounis, of which mauny offensive gases consist. It can have
no effect on organic matters, living or dead, and is there-
fore uscless as a disinfectant. The form of vinegar called
pyroligneous acid is more useful for this purpose on account
of the tarry impurities which it contains.

73. While moderate heat favors putrefaction and the
development of low organisms, a sufficiently high degree of
temperature disintegratesand rendersharmless dead organic
poisons and destroys the vitality of living morbific germs.
Heat, therefore, is a disinfectant of great power; but its
application is difficalt and inconvenient. Air which has
been exposed to a strong heat has a scorched smell and is
unpleasant, however safe, to breathe. ¥oul air may with
advantage be conducted from a hospital-ward to an ordi-
nary fire or a special furnace, where its capability of pro-
pagating disease may be effectually destroyed. It is very
doubtfol whether heat alone can be effectively employed
for the disinfection of clothing &ec.; some organisms
al loast being capable of resisting temperatures which
cannot be exceeded without injury to the material, and
there being no reason to suppose that organic poisons, other
than germs or fully-developed animalcules, are more des.
tructible than these. For this purpose heat should be
applied along with some other disinfectant ; and carbolic
acid or soda if the fabric be boiled, or sulphurous acid if
dry heat be preferred, will probably be the best. Every
hospital shounld be provided with a disinfecting-chamher
capable of being héated to 250° F. Fow fabrics will resist
50 high a temperature as this,*

74. Our choice of a disinfectant will depend npon the
nature of the poigon to be nentralized or destroyed. This’
may be either a noxious gas, or an organic miasm capable of
generating some specific disease, or a living creature, animal
or vogetable, endowed with similar power. Whether
cholera, typhns, typhoid and other specifio diseases are
propagated by dead organic poisons or by living germs is not
known and for our present purpose is of little consequence.

* For some interesting experimemts on this subject see Parkes’
Practical Hygiene, 5th Edition, page 678, n.
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The disinfectant destructive of the one will be fatal to the
other; and the special powers of each have been indicated
above.

75. There is danger of over-rating the efficacy of disin-
fectants and of allowing their use to supersede ventilation.
They must always be considered subsidiary to this, the
great means of purifying a foul atmosphere, and they can
never be substituted for it. A comparison of the guantity
of disinfectant employed with the volume of air which it
is supposed to purify will show that, in many ordinary
cases, no apprecinble benefit should be expected from this
means of purifieation.

t  76. VexTrLATION i8 the supply of abundance of air of
normal purity to places inhabited by men or other animals.
It will be considered here chiefly with referonce to dwell.
ings, temporary or permanent; but courts and streets,
compounds and cantonments, villages and cities, need free
ventilation no less than rooms and homses. The points to
be examined are: The quantity of pure air necessary to
health, the means of providing the smount required, the
measurement of the supply, and the eonditions essential to
effective distribution.

( 77. The removal or dilntion of the produmcts of respira-
tion is the first consideration. The quantity of air
vitiated by each respiratory act of an adult human being
may be estimated at 30 cubic inches. Sixteen respirations
per minute, therefore, destroy 480 cubic inches in that
time, and 28,800, or 1666 cubic feet, in an hour. Respired
air contains 40 volumes of carbonic acid in a thousand ;
normal air 0-4, one hundredth part. It follows that in
order to dilute air thus vitiated, to such a degree that it
shall include no more than the average proportion of
earbonic sacid, it woald be necessary to supply 100 times
a8 much air containing no carbonic acid as bas been
discharged from the lungs, i.c., 1,666 cubic feet per bour
for each person. But normal air contains some carbonic
acid ; and respired air includes not omly carbonic acid in
excess but also agmeous vapor to saturation and an
anknown amount of ftid organic matters. The skin,
moreover, contributes its exhalations to the sthaospheric
impurity. Adding about & quarter to the quantity
calculated above, on accomnt of these other sources of
Jmpurity, we conclude that the minimum of normal air
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required to maintain in & condition of purity the atmosphere
of a place occupied by healthy human beings is 2,000 cubic
feet por hour for each individual. The corresponding
numuer for a horse may be stated at 2,500. Experiment
has confirmed these results of calculation *

78. A higher cstimate of the amount of normal air required is
deduced from de Chaumont’s formula,
r—
4 e 4
in which 4 is the number of cubic feet of pure air required; ¢ is
the capacity of tho room ; »' is the increase of carbonic acid in one
cubic foot of air, due to the respiration of one adult male in one hour
(taken as 0'6 cubic feet) ; » is the amount of carbonic acid (taken as
06 por 1,000) to which ris to bo reduced; and R is the normal
quantity of carbonic acid in air (0°4 per 1,000). On this formula
the following tablo is based.t

Cubic feet of
Cubic feet of Cgiep:: :)’,?30 air required
coper |- ) . | fo reduce
Foun, | [Bour's rospi-| 6,7 Ty
* per 1,000.
100 600 2,900
200 3-00 2,800
300 2-00 2,700
400 1-50 2,600
500 1:20 2,560
600 100 2,400
700 0-85 2,300
800 075 2,200
900 0-66 2,100
1,000 0-60 2,000
y’

The third column gives the requirement for the first hour; 3,000
cubic feat heing required for each succeeding hour.

79. In these calculations.the proportion of carbonic acid is taken
. asthe index of the amount, of respiratory impurity ; and it is assumed
that this proportion should never exceed 0°6 per 1,000. It has been
ascertained that when this ratio has been reached the offensive odor of
:eaplilratoryuand cutaneous organic exbalations begins fo be perceptible
0 the smell. .

* The minimum laid down by the Barrack Commissioners is 1,200
cubic feet per man per hour in barrack-reoms, which, however, are
not constantly occupied by all the men calculated for.

+ Vide Parkes’ Practical Hygiene, 5th Edition, page 143.
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80. Hospitals or other places occupied by the sick
demand a higher minimam of supply. In some diseascs
the amount of organic exhalations is so large that it is
almost impossible to give pure air enough to remove their
characteristic odors. A ward containing many cases with
open wounds requires at least 4,500 cubic feet of fresh air
per man per hour. When hospital gangrene, pysemia, "
erysipelas, typhus, variola or plaguc prevails the supply of;
air should be limited only by the necessity of protecting]
the patients from wet or excessive cold. In such cases'
free ventilation not only promotes the recovery of the sick
but also opposes the spread of disease. It has beon observed
that the organic poisons of some diseasos are more
capable of destruction by oxidation, or dilution to harm-
lessness, by pure air than those of others. Thus, a few feet
of freely ventilated space suffice to protect from the poisons
of typhus and of plague; while variola and scarlatina
spread in spite of abundant air-supply, and the diseases
are communicable after even months of free exposure to
pure air. Malaria is very slowly oxidized and may be
conveyed by winds considerable distances, even many
miles, from its source.* Bome suppose that the cholera
})oison also is capable of being carried by winds without
osing its virulence.

81. Provision has also to be made for combustion and
its consequences. Air must be supplied in sufficient quan.
tity to yield oxygen for fires and lhights, and to dilute the
gases resulting from combustion when these are permitted
to escape into a room. 240 cubic feet of air should be
allowed for the complete combustion of 1 1b. of eoal; 120
for 11b. of dry wood, the carbonic acid and other gases
produced escaping by the chimney. A cubic foot of coal-
gas requires 8 cubic feet of air for combustion ; therefore,
about 25 should be allowed per hour for each burner,
without taking into comsideration the vitiation of the
atmosphere of the room by the products of combustion,
which should, if possible, be conducted immediately and
separately to the open air. As a cmbic foot of coal-gas
generates when burnt about two cubic feet of carbonic
acid, an ordinary burner adds six cubic feet of this gas

# Thus the north.east wind blowing over the Godavari District
from the jungles, many miles away, brings malurious fever with it,
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per hour to the atmosphere of the room, to compensate
which 5,000 cubic feet of normal air must be supplied,
unless the special outlets be provided. An ordinary oil.
lamp generates about half a cubic foot of carbonic acid per
hour, requiring 400 cubic feet of air for dilution. For a
good candle 500 feet per hour should be allowed. ¢.-

82. The means of supplying the requisite amount of pure
air may be divided into natural and artificial : the former
including perflation, aspiration aud etrculation; the latter,
axt»action and propulsion.

83. Perflation is the blowing of a natural stream of
pure air throngh a room or other space. General perfla.
tion by the passage of wind through doors and windows or
other openings is the most efficient means of ventilation
and that which is best suited to this country and climate.
A carrent of air moving at the rate of two miles per hour
—a rate which does not produce a perceptible dranght—
through a dodr-way ten feet by g?lt in area supplies
422,400 cubic feet of air per hour, n quantity sufficient
for 200 healthy men. A stronger wind will pass readily
through a tent-wall, or through matting ; and perflation
takes place to some extent through single planks of wood
and even through unplastered porous brick if the velocity
of the current be high. Doors and windows should always
be so arranged as to permit free perflation when the wind
is only moderately strong.

84. It is desirable that the movement of the air blowing
through a room should be nearly or almost imperceptible
to sensation, so that there shall be no draught or chill,
Air may be moving at a rate of & mile or even a mile and &
half per hour while no movement is perceived. Impercep-
tibility of movement depends not only on velocity but
upon temperature; and the higher the latter the more
rapid may be the rate without inconvenience. With the
thermometer at 21° (70° ¥.) or upwards perflation at a
considerable rate of velocity is attended by no sensation of
chill. Even at lower temperatures than are ordinarily
experienced in this country a velocity of & mile per hour is
imperceptible, and a rate of & mile and a half is not
disagreeable. It may be taken as a general rule that the rate
of movement shonld not exceed 35 feet per second, t.e.,
2:4 miles per hour ; and a lower rate will be objectionable
if the air be moist or if it be of lower temperature than
that it replaces.
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85. There is another, but a less efficient and manageable,
way in which perflation may be applied. Cowls turned
towards the direction from which a wind is blowing may be
placed at the top of a building, from which pipes of wood
or metal convey the air received to rooms below. Direct
communieation between the cowls and the apartments to
be ventilated is liable to be attended by dranghts; but the
streams of air can be conducted to the basement story of a
house, there warmed or cooled as may be desired, and thence
distributed by tubes to other parts of the building. Corres-
ponding outlet pipes and openings, with cowls turned from
the wind, will be provided for the issue of air commensurate
with that blown in; and these by their aspirating effect
will aid in ventilation.

86. This second mode of perflation is applicable to the
holds of ships, which the direct method cannot reach. A
funnel of canvas, wood or metal receives the wind and
a tube oonduots it downwards. Distribution without
draught is difficult here as in a house. The force of the
in-blowing current may be redueced by having the conduct-
ing tube bent at right angles, once or oftener ; or by inter.
posing screens of perforated zinc in the passage; but
ventilation is impeded in proportion as friction is increased
by these cxpedients and the plates are liable to become
clogged with dust and are with difficulty got at for clean-
ing. The stream of air admitted by this method may also
be regulated by valves.

87. Aspiration is the drawing of air out of a room or
building through a shaft by means of the wind blowing at
right angles to the latter. In this way a small current of
air moving with a high velocity over the upper end of a
tube, provided with a cowl turned from the wind, influ-
ences o large body of air below, by producing an upward
draught* This method withdraws air from a room and
provision must be made for free admission of pure air in
compensation. The stronger the wind the more copious
will be the up-draught and the more effective the agpiration,
while a powerful blast cannot, as we have seen, be borne
in perflation. Neither method, of course, is applicable

¢ The little instrument used for raising and dispersing perfumed
waters from a bottle, by blowing ntronl;% in a ion at right
angles to a tube inserted in the liquid, olev.rYy illuatrates sspiration,
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where the outer air is absolutely stagnant, and ventilation
will then depend upon either circulation or artificial means.
It is also to be borne in mind that wind may impede
ventilation by blowing across unprotected exit-openings, or
down chimneys or other shafts. :

88. The movement of air caused by differences of temper-
ature is called circulation. Air heated by lights or gfes
or the bodies of men or other animals becomes lighter, rises
and is replaced by colder air from above or from withont,
which is in turn warmed and similarly replaced.- As this
circulation depends upon the generation of a higher temper-
ature within a room than that of the outer air and is active
in proportion as the former exoeeds the latter, ventilation
by this means is chiefly applicable to cold olimates and to
rooms or buildings artificially warmed. For the same
reasons it is more effective in proportion to the coldness
of the external atmosphere. In all inhabited rooms,
however, it needs to be taken into oconsideration and due
provision made for ingress and egress of air.*

8Y. When this circulation is maintained, not by the
ordinary sources of heat but by special contrivances, it
forms one of the artificial means of ventilation ; namely,
that by extraction. In an ordinary chimney, when a fire
18 burning below, an upward current of air, moving at a
rate of from three to six feet per second, is produced ; and
if the fire be very large a velocity of nine feet per second
may be attained. Equilibrium will be restored by streams
passing from other openings towards the fire.place, or, if
there be no such openings, by 8 down-draught in the
chimne{ itself, simultaneous with the up-draught. This
principle is applied on the large scale to the ventilation of
mines, where a large fire burniug at the bottom of a shaft
maintains & powerful upward current, while fresh air from
the surface, descending through other openings, supplies
the place of that withdrawn. In like manner large guild-
ings are sometimes ventilated. A fire or a numbér of
gas-burners or pipes filled with hot water heat the air st
the lower part of a central shaft, in communication with
each room by a pipe entering below.

# When, in very hot weather, houses are closed in the early morning
the air within is, during a great part of the day, cooler than that
outside ; so that circulation 1a, in this way also, established.
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90, Secveral disadvantages attend this mode of venti-
lating a building. Heat supplied by a fire, which is the
source most generally available, is not easily kept at a
fixed temperature or regulated to suit the varying eircum-
stances of different rooms ; if, from any cause, the requisite
up-draught is not maintained from below, a down.draught
will be generated in the shaft, which may bring with it
into the building smoke or products of combustion; and,
as this method only provides for extraction of air from the
building, that which is thus withdrawn may be replaced
by air entering from any source, as for instance from
sewers or through water-closets.

91, Extraction by a screw-shaped fan has been suggested
and practised ; but the mechanical power which it requires
could be more economically and efficiently applied to venti-
lation by propalsion.

92. Propulsion is the forcing in of pure air by mechani-
cal means, either directly or throngh flues constructed for
the purpose. When labor is cheap and thorough ventila-
tion by natural methods not attainable propulsion may be
applied with great advantage. The quantity of air thrown
in can readily be measured and regulated, and its temper-
ature raised or lowered. The common thermantidote is a
familiar instance of this method. It supplies & constans
stream of pure air to & room or building, which may be

assed through a moistened tatty and thereby cooled.
g‘he mechanism of the machine is simple and not easily
deranged, and little labor is required for working it; but
the distribution of the snpply iz generally faulty. Air enters
at a high velocity and is liable to pass through a room in
streams to the outlets instead of intermixing, thus producing
draughts.

93. Distribution can be more satisfactorily managed on
the large scale asin what is called the plenug pethod.
Large fans, worked by men or cattle or steam-power, force
air drawn through a shaft, at least forty feet high and
situated well away from all buildings, (to ensure purity of
supply), into flues which communicate by branches and
pipes with every part of a large building. This plan is
suitable to a jail* if the absence of wind for long periods

¢ Mr. Stuart Clark introduced his * plenum method ”* into Agra Jail.
One fan, 3} foet in diameter, worked by hand at a speod of less thun
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renders natural ventilation insufficient, cheap labor being
superabundant ; but the first cost of machinery and build-
ings must be considerable. Its inventor suggests that
canvas shafts may be substituted for masonry flues in
applying this method to buildings ; and also that portable
fans, &c., should accompany troops marching in hot scasons,
for the ventilation of tents.*

94. To ascertain whether sufficient provision has been
made for the ventilation of any room the number of occu-
pants aud the volume of fresh air entering the room per
hour, either by natural or artificial means, must be known.
Dividing the latter quantity (after reductions for lights,
fires, &c.,) expressed in cubic feet, by the. former, the
volume of pure air supplied for each person is obtained for
comparison with the quantity stated abovo to be necessary.
The amonnt of entering air is determined by the anemo-
meter, or, in the case of ventilation by circulation, by
calculation.

95. The anemometer is an instrument which shows
the velocity of a current of air in feet per second. The
openings through which air enters having been ascertained
by the deflection of & candle-flame, or by the direction
taken by the smoke of smouldering brown paper, the rate
of the entering current at each is determined. The rate
per second multiplied by 3,600 gives the rate per hour;
and the product of this by the area of an opening in feet is

300 revolutions per minute, was found sufficient to ventilate a corridor
283 feet in length with 68 cells opening from it. ‘The machinery is
placed to windward, about 300 feet from the middle of the line of
buildings, An underground main-flue of masonry, 4} feet by 3,
conveys the air to the ?&fil. Smaller flues (2} X 2 foet) pass under the
floor of each block, and from these diffusion-pipes of earthenware, 9
inches in diameter, are distributed through the walls, communicating
with the rooms by openings covered with perforated zinc. Besides
the diffusion-pipes * Siﬂ'umon cases’’ are placed over the central flue
and connected with it, 20 feet apart, in each building.

¥ The punkak is not an instrument of ventilation except to a very
limited oxtent. Its movement displaces and so produces a curtent
which may draw air from without, but which in most cases is supplied
by air like iteelf from within the room. A punkab promotes inter-
mixture and diffusion ; when the tomperature is lower than that of
the bedy it cools, by removing the layer of heated, ill-conducting and
vapor-loaded air from the surface, substituting a colder flm and
favoring evaporation; when the temperature is higher it acts only in
the latter way. 1Its use is favorable to comfort and to health, but not
by promoting ventilation.
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the nnmber of cubic feet per hour which that opening
ields. The instrument should be placed as nearly as
possible in the middle of the length of the passage and
about two-fifths of the breadth from the side in order that
the mean velocity may be given. It often happens that
the outlet openings are less numerous than those of ingress
of air, as, for instance, when a chimney discharges from a
room a volume admitted by several inlets. It may then
be more convenient to estimate the ocutgoing air, with
which the supply will necessarily correspond. Casella’s
anemometer will be found best adapted to the purpose.

96. The rapidity with which the heated air of a room
escapes from a discharge-opening above, in cases when
ventilution depends on circulation, and, consequently, the
volume of cooler air drawn in are estimated either by the
anemometer as above, or by calculation. The height of the
column of heated air, 4.e., the distance from the floor of
the room to the discharge opening, the difference of tem-
perature between the internal and external atmospheres,
and the friction which retards the outgoing current in its
passage are the elements to be taken into consideration.
The following Table* includes the first two and assumes
the diminution of velocity due to the last to be one-fourth.

97. The results obtained by the use of the table are
only approximately true, on account of the variability of
the amount of friction in the discharge-passage, which
depends on the length, the diameter and the directness of
the flue or tube and also on the velocity of the current,
which varies with temperature. Friction varies directly
a8 the length and inversely as the diameter of the passage.
When this is bent friction increases proportionately to the
sine of the angle of deviation from cfirectness. In the
same flue or tube it varies as the square of the velocity of
the stream of air. If, therefore, the passage is long and
narrow a further deduction of one-sixth should be made
from the result given by the table; and if the tube is, in
addition, very angular or much curved the unse of the
table is inexpedient.

* Abridged from that constructed by Professor Parkes.
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99. This table gives the discharge of air in linear feet per
minute for different distances from floor to outlet and for
different excesses of temperature within over temperature
withont, minus o deduction of one-fourth for friction. The
nomber thus obtained multiplied by the sectional area of
the discharge aperture is the volame discharged per minute
in cubic feet, which multiplied by 60 gives the discharge
per hour.  Take, for example, a barrack-room 12 feet high,
with an aperture 0'75 square feet in or at the ceiling, the
thermometer standing at 85° F. while the temperature
outside was 80° F. The table gives 125 for these circum-
gtances; and 125 X 075 X G0 == 5,625 cubic feet of air
discharged per hour. This method of calculation is only
applicable when wind does not interfore with regular
ontflow from the room.

100. The table has been constructed on the principle that a heated
column of air gu), in free communication with a cooler column (6), is
pressed upwards by (8) with a velocity equal to that which u body
wotld acquire by falling through a space equal to the increase of
height which (a) would undergo in consequence of its increase of
temperature, i.e.,, oqual to 8 times the squara root of the incroasc of
height. Thus, in the example given above, the difference of temper-
atureis 5°, which multiplied Ey 00020361, the co-cfficient of expansion
for each degree of Fahrenheit, and the product by 12 feet (the height
of the unexpanded column) give 0'122166 feet us the increase of height.
The square root of this decimal is 0-34952, which multiplied by 8
gi.ve.s the rate of cfflux in lincar feet per second uncorrected for

riction. Deducting one-fourth for this correction and multiplying
by the sectional area of the aperture we get cubic feet per second,
which are egain multiplied by 3,600 for cubic feet per hour. Thus,
0349562 X B == 2'79616, and this (less one.fourth for friction =)
2°14712 X 075 X 3600 = 5,797 cubic feet per hour,

101. The conditions necessary for effective distribution
of the airsupplied in ventilation may be considered under
two heads ; namely, the space allowed for each individnal,
and the openings provided for the passage of the air.

102. 1t is obviously desirable that pure air entering a
room should be distributed as equally as possible amongs
the occupants and in guch a manner that 3,000 cubic feet
per man per hour should be introduced without creating
draughts. Pettenkofer found that the air of a chamber of
434 cubic feet capacity might be renewed six times in an
hour without draught. With this object it is usual to allot
a certain cubic space and superficial area to each individual.
In hospital-wards, work-shops aud dormitories, where the
position of each person is fixed, such an allotment, com-



VENTILATION. 37

bined with proper ventilation, secures to each free supply
of air uncontaminated by the products of the respiration
of others. Inbuildings occasionally or irregularly occupied,
a8 churches, meeting-rooms, theatres &c., the amount of
space is of less importance as a test of sunfficiency of
ventilation. In all cases there is a danger of over-rating
tho importance of space-allotment. In an ill-ventilated
room abundant space can only postpone the consequences
of deficient ventilation, and the most careful obedience to
rales providing against overcrowding should never super-
sede examination into the quantity of pure air entering and
the quality of the atmosphere within.

108. It is plain, however, that the less the space in
proportion to the number of occapants of a room, the greater
must be the quantity of air supplied in a given time. It
is possible to ventilate sufficiently an overcrowded room,
but the velocity of the entering air must be high and at a .
certain degree of overorowding would be intolerable.
Hence, the value of rules laying down minima of cubical
and superficial space, and the importance of carefully
observing them. Thaus, it is ordered that in barrack-rooms
in the plains 1,800 cubic and 90 superficial feet shonld be
allotted to each man ; in hill-stations 1,200 to 1,400 and
75 ; in European hospitals 2,400 and 120 in the plains;
1,600 to 1,800 and 102 in the hills; in Native hospitals
1,500 and 99; in Lock hospitals 100 superficial feet for
Europeans and East Indians, 60 for Natives; in Jail-wards
648 cubic and 54 square feet.* To ascertain whether a
given room fulfils such conditions its cubic contents (after
certain deductions) and the area of its floor are to be
divided by the nwmber of its occupants.t Deficiency in
cubic space is less likely to be hurtfal than insufficient area

* In the latest English Poor Law Regulations on this subject the
minima are 850 cubic feet for ordimua' patients, 1,200 for puerperal
or offensive cases, 700 for the infirm aund aged occupying the room day
and night (otherwise 500), for healthy adults 300. The common
lodging-house allowance is 240 cubic and 30 superficial feet. The
Dublin regulations for registered lodginf-houses require 300 cubic
feet for each person. The London School Board allotment is 9 or 10
feet superficial in rooms 13 feet high.

+ The English Army Regulations allow & horse 1,605 cubic and 100
superficial feet. Sick horses have 1,900 and 137. Cattle should have
1,008 cubic feet.

4
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and should thereforc be preferred when there is a choice
of evils.

¥ 104. Measurements should be made in feet and tenths.

" If a measure so divided is not readily obtainable one inch
should be disregarded, two inches are counted as 015,
three as 0-25, four as 0-80, five as 040, six as 050, seven
as 060, eight as 0-65, nine as 075, ten as 080, and eleven
as 0-90.

105. The product of two numbers gives the area, and
in the most common case, that of 8 room having four
sides and reectangular corners, the length of one wall is
maultiplied into that of another which forms an angle with
it. If the floor-space is a parallelogram, not rectangular,
one side multiplied by the perpendicular distance between
it and the opposite side gives the area. If two sides are
parallel, a third at right-angles to them and the fourth
not, (forming a {rapezoid,) the area is equal to half the
sum of the parallel sides maltiplied by the third. Other
right-lined figures are divided into triangles by diagoual
lines, the areas of which are found and added together;
the area of o triangle being half the product of any side
and its perpendicmlar distance from the angle opposite.
The area of a circle is the diameter sqnared, multiplied by
0°7854; that of an ellipse the product of the longest and
shortest diameter multiplied by the same decimal ; that of

3 .
a segment of a circle = %i + %c' ; where ¢ is the chord of

the segment and p its greatest height.

106. In the case of a room with a flat ceiling and of
uniform height the cubic contents are the product of the
area by the height. In many cases there is a roof with
single or double slope. In the former case the area is
maultiplied by half the sum of the greatest and least heights,
i.e., of the heights of the higher and lower walls. When
there is a gabled roof, (as in an ordinary Native military
hospital,) the cubic contents of the roof-portion are equal
to half the product of the area by the heiglixt of that portion
i.e., the difference between height from mdge-pole to floor
and height of walls. Sometimes the roof-portion of a room
or tent is fymmidul, when its capacity is equal to the area
multiplied by one-third the height of the pyramid. A cone
18 measured in the same way. The cubic contents of a
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eylindor arc equal to the area multiplied by the height;
those of a dome to two-thirds of that product. The bell-tent
(not in use in this country) is measured as a cone; and a
form of hospital-tent (also nnknown here) terminates in
half cylinders surmounted by half-cones.

107. Baving thus determined the capacity of a room or
other space in cubic feet, with recesses or other additions
not included in the general measurement, deductions are
to be made for the bulkier articles of furniture and for the
bedies of occupants. Large presses, chests of drawers &ec.,
will be measured. In hospitals, barrack-rooms and bed-
rooms 10 cubic feet are allowed for each set of bedding;
and in all cases three cubic feet for each person.®

108. The openings with which ventilation is concerned
are divisible iuto two groups: those of inlet or adduction
through which pure air entersand those of outlet or abduc.
tion for the escape of vitiated air. The direction and force
of the air currents and, therefore, the proper distribution
of the supply depend upon the management of the openings
and the mutual relations of the two classes. In warm
climates it often happens that doors and windows supply
all necessary ventilation without producing draughts or
chill and in some cases pervious walls, as of mats or bamboo,
allow of free perflation without disadvantage. In colder
climates doors and windows must generally be closed, and
other, special, openings provided for inlet, and for outlet
if the chimney is not sufficient. In the colder parts of
this country portions of walls of rooms may be formed of
tiles s0 as to be freely perwious during the hot months,
but requiring to ,be closed (as with movable wooden
coverings) during the cold season, when other openings
will be necessary for ventilation. The consideration of
such special apertures, therefore, as well as of the ordinary
openings of a room, tent or building is of great importance

.l ventilation. They may be examined with reference to
position, number, size and form.

109. Inlet openings are to b selected or made in such
positions that the entering air may not be polluted before

* Women and children do not require so much fresh air or 8o much
cubic space as adult males; but abundance of pure air is so impor-
tant that in the text and elsewhere mo reduction is suggested on this
acocoung.
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admission, as by marsh exhalations, sewer effluvia, emana-
tions from latrines or water-closets, discharge from ontlets
of other rooms or buildings, &c.; sccondly, equable distri-
bution and thorough intermixture of the pure supply are
essential. Hence, where perflation is possible, there should
be doora and windows in opposite sides of the room. In
other cases special inlets should be provided near the floor,
unless when the supply is so cold that it cannot be borne
with comfort and means of heating it artificially before
entrance are not available; then it may be admitted at
about ten feet from the floor and directed upwards so
that falling subsequently by its greater weight it may be
equally diffused through the atmosphere of the room. In
our climate the floor openings will generally be found
suitable. Respired air first rises; therefore outlet open-
ings are provided at the upper part of the room, tent &ec.
In single.storey buildings with sloping roofs, as most of
our hospitals, no arrangement can be better for discharge
of vitiated sir than properly protected ridge-openings
along the entire top. As a general rule the highest outlet
is that from which discharge is most rapid; but the
_ application of artificial heat, whether specially for favoring
egress of air or for other purposes, powerfully affects the
rate of discharge through and position of outlets. Thus
the chimney of a room 1n which a fire is burning is always
the principal and often the sole channel of discharge ; and
heating an outlet-tube with gas, whatever its position,
increases its effectiveness. Finally, the relative positions
of inlets and outlets must be considered. It should not be
possible for fresh air to escape, without intermixture,
through an outlet placed too near the aperture by which it
entered, and, generally, the opening should be so arranged
that the movement of air in the room should be vertical,
not horizontal ; so that air vitiated by one person’s respi.
ration (or, in hospitals, by one patient’s exhalations)
should not pass across the position of another. :
110. The number of inlet apertures will be determined
by the necessity for equable distribution of the fresh air,
80 that whether they be the ordinary openings of the
room, or epecially provided for ventilation, they should
be (if correspondent in size) at equal distances from each
other. In hospital wards, barrack-rooms &c., each bed
should have an inlet aperture. Provided the number of
inlete is sufficient for proper distribution, that of outlets
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is unimportant. An ordinary chimney, when a fire is
burning, will give sufficient discharge for a room in which
four or five persons breathe ; and one large outlet, in other
c_’uiv.es also, will suffice for a building which requires many
ulets.

111. The size of special ventilatory openings will vary
with the number of occupants of the room, the degree in
which ventilation is dependent upon such apertures and
the difference between internal and external temperaturos,
on which rapidity of circulation depends. In a case, for
instance, where doors and windows are kept closed and
their use us inlet openings is only subsidiary and acci-
dental, if the efflux of air be estimated by means of the table
given above at 12,000 cubic feet per hour through an
aperture of one square foot, it is inferred that in a room of
15 feet in beight and at 10° difference of temperatures,
sufficient air for six men (at 2,000 cubic feet per hour)
is supplied. Dividing a square foot by 6 we get 24 square
inches (or an aperture of outlet of 4-9 inches square) for
cach man. Adding an equal size for corresponding inlet
we conclude that the number of inmates of a room of 13
feet high dependent mainly for ventilation on the move-
ment of air caused by a difference of temperatures within
and without of 10°, multiplied by 48, gives the total size,
in square inches, of the necessary inlet and outlet openings.
For ordinary hospital wards the multiplier may be taken
88 72. If the room be higher than 15 feet or the differ-
ence of external and internal temperatures more than 10°
smaller openings will suffiee ; under opposite circumstances
larger apertures avill be necessary; and to provide for
Hluctuation of temperature the openings should be capable
of increase or decrease in area. It must be remembered
that friction is increased by increasing the number of
openings affording a given sectional area, and allowance
should be made accordingly.

112. As the outflowing air is warmer and therefore
bulkier than the incoming, the apertures of exit should,
theoretically, be somewhat larger than those of entrance
and the proportion is sometimes given as 11:10; but in
practice this is & point of no importance. As regurds
absolute size of the two classes of apertures it is laid down
that the distribution of the entering air is most successful
when each inlet does nos exceed 48 to 60 square inches
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(the allowance for two or three men), and each outlet is
not more than a square foot in size (or sufficient for six
men).*

113. Lastly, the form and management of ventilatory
openings have to be considered. In the case of perflation,
if the wind have a high velocity, means must be adopted for
efficient distribution without the production of draughts.
Windows should open at the top, or sloping from below
upwards and inwards, so that the cooler entering air may be
directed towards the roof or ceiling to sink equably by its
superior weight. Or a window may be divided into sections
each opening separately with such an unpward slope. In
windows opening in the ordinary way the requisite direc-
tion may be given to the stream of air by a sloping board.
Some panes of the glazing may be double, with openings
below in the outer and above in the inner glass; or one or
more panes may be fitted with glass louvres. Some may
have wire gauze or perforated zinc instead of glass; or
movable frames with one of these materials may replace the
sash when raised or thrown open.

114. The upper end of aspirating tubes and shafts
should be protected from the entrance both of rain and of
wind, while their special action is favored by widening the
aperture so that its size exceeds considerably that of the
passage itself. This expansion or cowl revolves, so tbat
the opening is always turned from the direction of the
wind, and its upper rim projects a little so as to exclude

* Tho Barrack Commissioners allow 11 square inches of outlet
aperture for each healthy person occupying a room, i.s., nearly a
square foot for 12 men, in addition to tK;n chimney. This may be
taken as from 20 to 24 square inches per head for inlet and outlet,
and the space should be doubled in hospitals.

In Netley Hospital the total inlet area in nine.patient warda
{besides doors and windows) is 162 square inches, or 18 square inches
per man ; in fourteen-patient wards, 164 square inches per man. The’
outlets are 17 and 16 square inches respectively. ere is great
difference of opinion among hygienists in this matter of inlet and
outlet areas, p_robablfv due partly to variations in the difference of
temperatures and partly to estimating with reference to cubic space,
One authority lays down that a square inch of inlet should be allowed
for 120 cubic feot, or 60 square inches for a room occupied by 12 men
with 600 cubic feet per head. As to outlet Professor Parkes recom-
mends 1 square inch of inlet for 60 cubic feet and for outlet 1 inch for
60 cubic feet on the ground floor, for 65 on firat floors and 50 on second
or for a one-storeyed building.
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rain from the shaft. Louvred terminations to aspiration-
shafts arc apt to admit rain and also down.draughts, and
aspiration is not so powerful as when a revolving cowl is
employed. It is a good arrangement to make the shaft
terminate in a revolving cylinder open at one side and
moved by a vane so that its aperture shall always be away
from the wind, the whole being protected by a fixed
louvred covering.

115. When ventilation is dependent upon circulation
inlet passages should be short 80 as to admit of being readily
cleaned, as dirt lodging in them may communioate impurity
to the entering air ; externally the openings should be pro-
tected from the wind by hoods and provided with means
for diminishing their aperture or closing them altegether
should circumstances require; within the room, if they
open above the heads of the occupants, they may expand
in size and be directed upwards ; if they enter near the floor,
coverings of wire ganze or perforated zinc may be employed,
onre being taken that the meshes or perforations are not so
small as to impede the free entrance of air, and that they
do not get clogged with dirt. Mr. Tobin’s method of intro-
ducing air may be nseful in hill-stations: vertical tubes,
communicating with the atmosphere without and termin-
ating about four feet from the floor, admitting cool air in
streams which rise for some distance and then fall over
and descend. OQutlet passages should be as direct as possi-
ble and should have smooth internal surfaces so that friction
should be reduced to a minimum ; they should be protected
from cold, and, therpfore, not exposed but carried throngh
the walls. When convenient, outlet tubes should be
heated. Thus gas-flames may be used expressly for this
purpose; or, when a special tube is provided for removing
the products of combustion of gas, an outlet shaft with
openings near the ceiling may enclose it, with an interval
between the two; in this way a donble out.flow will be
produced. The external apertures must be protected from
rain, not only on aocount of the direct inconvenience which
wopld arise from its admission, but also because the
evaporation of moisture from any part of the passage tends
to cool it and so interferes with ontflow dependent upon
difference of temperature. A cowl, revolving s0 a8 to be
always turned from the wind, will serve to protect from
rain and also to favor aspiration throngh the outlet, while
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it provents reverse perflation. For hot climates it is
recommeonded that outlet shafts should rise some distance
above the roof, the upper portion built of brick and black-
ened. Finally, it is to be borne in mind that an ountlet
may, under certain circumstances, become an inlet ; and
provision must be made for the proper distribution of the
entering air, should this eccur.



CHAPTER 111

WATER.

116. A sufficient supply of water for drinking, cooking,
cleanliness of bodies and of clothes and for keeping sowers
in a proper sanitary condition is quite a8 essential to health
as purity of air.  For the last purpose guantity alone needs
to be considered ; for cooking and washing the degree of
hardness is the most important particular ; while the kind
and amount of impurities present in drinking water, their
effects, the means of detecting, and of removing them when
removable, demand careful examination, no less than the
guantity which should be supplied. We shall firet consider
these 1MPURITIES; secondly, the soURCES of water-supply ;
thirdly, the QUANTITY required and that obtainable from
them ; fourthly, sTORAGE and DISTRIBUTJON ; and lastly, the
sEARCH for water in nnknown localities.

117. It is neither nocessary nor desirable that water nsed
for drinking or other domestic purposes shounld be absolutely
pure. Such water would be insipid and perhaps unwhole-
some. Impurity to a certain extent is practically inevi-
table and neither disagreeable to the taste nor injurions to
the health. A good water then is not one which is chemi-
cally pure, but one which is transparent, colorless, odorlers
and tasteless, which holds in solution a sufficient amount of
atmospheric air, whjch contains no suspended matters and
no excess of total solids or of any particular substance
dissolved. In the following pages, however, each foreign
substance will be considered separately as an * impurity,”
suspended or dissolved.

, 118. Suspended impurities are inorganic or organic. The
former may consist of very finely divided silica, clay, chalk,
chalky marl, ferric oxide, magnesium carbonate or other
mineral substances. Rivers, especially in time of flood, carry
down variable quantities of suspended matters, mostl

inorganic. Thus the Rhine water contains from 173 to 20
parts in 100,000 ; the Mississippi from 5882 to 80-32; the
Ganges from Maroh to June 2171, from June to October
194-3, from October to March 44'86 ; the mean proportion of
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suspended matter being 86:86 in 100,000. Tank waters
also, especiully after rain, are turbid from this cause. Such
waters coutaining suspended mineral matters in excess
may produce diarrhea, dysentery, and even ulceration
of the intestine, to which persons not accustomed to their
use will be more liable. Organic impurities are more
varied and more important. The débris of animal and
vegetable organisms ; ova, seeds and germs; living animal-
cules and plants of a low order; fecal and other excre-
mentitious matters; the specific poisons by which cholera
and many other discases are propagated—all these may ' be
amongst the impurities suspended in water. Even rain
water may contain some of these, but all of them may be
carried from the surface into tanks and rivers or washed
into wells by floods or percolate into them through the soil.
The choleraic diarrhcea which sometimes. results from
drinking water largely contaminated with sewage is partly
due to suspended organic impurity, partly to dissolved.
The following parasites are supposed to obtain entrance
to their human host through drinking-water :—Anchylos-
tomum (or Sclerostoma) duodenale, Ascaris lumbricoides,
Bilkarzia Lematobia, Bothriocephalus latus, Distoma hepu-
ticum, Dochmius (or Strongylus) duodenalis, Filaria dracun-
culus* and Filaria sanguinis hominis. Minute leeches have
in some cases been taken in with water and given trouble
by fastening in the mouth, fauces or pharynx.

119. The presence of suspended impurities is detected
by the eye, the water being put into a long glass vessel and
viewed with transmitted light. In this way not only
turbidity in general will be visible and its degree estimable,
but the nature of the larger suspended particles, whether
living forms or inanimate matter, may sometimes be ascer-
tained. After rest for 24 hours suspended matter will
have, in most cases, rubsided; and the microscope will
yield information as to its nature. By this means organized
structure will be recognized; silica will be known by
sharp angularity of the particles, chalk by their irregular
roundness. Effervescence on the addition of a drop of

* For a remarkable illustration of the effect of an improved water-
supply in diminishing the prevalence of this perasite, see a paper
of Professor Cockerill's in FProceedings of Sanitary Comwmissioner,
Madras, for 1876, page 281,
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dilute hydrochloric acid to the incinerated sediment shows
the presence of calcium or of magnesium carbonate : and, if
farther information be required, the usual tests, as here-
after described, can be used.

120. It is rarcly necessary tc estimate the nmount of suspended
matter ; but, if it should be desirable, a measured quantity of the water
is set aside in a tall graduated glass vessel until complete subsidenco
has taken place, for which 24 hours are generzlly sufficient time.
Pour off 48 much as possible of the clear water, noting its amount.
Evaporate the residue to dryness at 180° C. ; weigh; deduct for amount
of dissolved matters contained in measure of water not decanted ;*
difference is weight of total suspended substances in original volume
of water, Incinerate; s«dd a few drops of ammonium carbonate to re-
carbonate lime &c., which may have been formed during incineration;
dry and weigh. The rosult is the weight of fixed susponded matters ;
and the difference between the two weights obtained is the quantity of
volutile, mainly organic, suspended matter. If the fixed residue be
treated with dilute hydrochloric acid carbonates will be dissolved and
the insoluble portion will consist principally of sand and clay. A
rougher estimate may be made by finding total residue before and
after filtration.

121. Subsidence and filtration are the means of remov-
ing suspended impurities, and some of their ill-effects may
be obviated by boiling the water or by adding certain
substances to it. Different impurities subside with different
degrees of rapidity and completeness. Thus chalk and sand
settle sooner than clay and are also more easily separated
by filtration. Vegetable matter subsides slowly; and
animal matter, especially that derived from sewage, being
in a state of very fine division and specifically light,
descends still more slowly. Both are readily removed by
the filter. Sometimes finely divided clay is separable
neither by spontaneons subsidence nor by ordinary filtra.
tion, as through sand and charcoal. A small quantity of
powdered alum, gix grains to the gallon, added to sach
water will generally, after 12 hours’ rest, cause subsidence,
& hydrate being formed and carrying with it in its own
descent the suspended matter. Lime added in Clark’s
process for the purpose of softening water produces a
precipitate which similarly carries down suspended impuri-
ties, The bruised nut oty the Sirychnos potatorum rubbed
on the inside of the water-vessel, in the proportion of about
30 grains to 100 gallons, has the same effect in 24 hours.
Boiling will destroy the vitality of some at least of the ova

* Known from a subsequent process (132).
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or germs which neither subsidence nor filtration can remove
and may also brenk up and render innocuous certain
auimal poisons capable of exciting specific diseases. Astrin-
gents containing tannin as kino, and especially tea, are
also supposed to obviate in great measure the ill-effects of
using turbid water.

122, Dissolved impurities may be gaseous or solid, the
latter being organic or inorganic. The gaseous substances
requiring to be noticed are air, carbonic acid, ammonia,
sulphurctied hydrogen and marsh-gas.

123. The presence of air, or, to speak more correctly, of
a variable mixture of oxygen and nitrogen, rarely containing
the same proportions as the atmosphere, is necessary to
render water palutable and readily digestible. The oxygen
is more readily absorbed by water than the nitrogen and it
is also cvolved by certain water plants; hence it may
amount to as much as 32 per cent. of the total quantity of
both gases preseut. Neither can do any harm, while the
oxygen is useful by converting decomposing animul and
vogetable substances into innexious compounds. Water is
rarely deficient of air; but when (as in distilled water)
there is a deficiency, it should be artificially supplied,
either by forcing air into the water or by letting the latter
fall in divided streams, as through holes bored in a cask,
from as great a height as possible, through air. We may
infer the presence of moch oxygen if we have reason to
believe that carbonic acid is present in abundance, unless
in the case when the latter is formed from organic matter
at the cxpense of the former. The actual quantities of
oxygen and nitrogen can be approximately determined if
necessary, a8 described in (125).

124. Carbomic acid gives a sparkling appearance and
8 pleasant taste to water, and it can only be ipjurious by
enabling water to hold in solation large quantities of carbo-
nates of calcium, magnesinm &c. It may be derived (1)
from decomposition of carbonates by subterranean heat, as
in the case of carbonated springs; or (2) by absorption
from the atmosphere, one volume of water at 20°0 being
capable of absorbing 0-901 of this gas ; or (3) from the soil
through which the water percolates, the air in which contains
in some instances 250 times the normal proportion of car-
bonic ac¢id; or (4) from the slow combination of the carbon
of organic substances in the water with oxygen, in which
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case it represents putrescible and possibly injurious matter
destroyed. Its amount in ordinary water varies from 3 to
800 c. c. perlitre. It 1s known to be present in considerable
quantity when bubbles are seen on the inside of a glass
vessel in which water is permitted to remain for some
hours. Present in large amount it sometimes gives an acid
reaction to test paper, the acidity being removed by boiling.
Boiling removes it and the greater part of other gases;
lime combines with it, the carbonate thus formed and other
carbonates held in solution by it being precipitated.

126. Carbonic acid may be estimated approximately by means of
tho soap-test, which will be deacribed hereafter. The gard.neus of
water from which all calcium has been removed without boiling
(precipitated by ammonium oxalate) may be taken to re&:rosent magne-
stum salts and free carbonic acid ; that of water freed from calcium
and boiled, magnesium only. The difference between the two hard-
nesses expresses carbonic acid, 1° of sonp solution representing 0-00022
grm. If iron be presont, it must be estimated separately and deducted,
1° representing 0'00014 grm. A more accurate determination may
be made by boiling a known quantity of water for an hour in such a
wmanner as to collect the gases expelled (over mercury) in a graduated
glass vessel, showing, when corrected for temperature and pressure,*
the total volume of gases dissolved in the water. Caustic potash (in
solution of ap. gr. 1'4) pussed into the vessel, combines with all the
carbonic acid, and the diminution of total volume represents the volume
of this gas prescnt. Solution of pyrogallic acid$ similarly inserted
absorbs the oxygen, the volume of which is shown by the difference
between second and third readings. The difference between the total
corrected volume and the sum of the volumes of carbonic acid and
oxygen is the mnitrogen. Boiling, however, does not expel the whole
of the latter gases.

126. Free ammonia is derived from the decomposition
of nitrogenous organic matters, chiefly animal, in the water
itself or in the soil through which it percolates, or from the
atmosphere through which it falls. It is almost iuvariably
present in ordinary waters. It isnot in itself mischievous,
but its presence 1n large amount indicates serious organic

* When a gas is collected over a liquid, the level of the latter inside
end outside the inverted jar should be the same, or a prelimi
** correotion '’ applied. If t’he inner level is the higher, the is sub-
jected to pressure loss than observed barometric pressure, by amount
recessary to support the column of liquid above outside level. Hence
a correction is necessary in order to find true ¢ observed’’ pressure.
When (as in this case) mercury is used, the difference of level is
subtructed from height of mercury in barometer. When the outer
leve is the higher the jar can be rased until the difference disappears.

1 One part in six of water. .
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contaraination. If present with nitrates or nitrites or both
it is probably due to the decomposition of animal matters.
1f nitrites in abundance and ammonia coexist the contamin-
ation is probably recent. Its odor betrays its presence if
the quantity be considerable. Turmeric paper browned by
alkaline water recovers its color on exposure to the air if
the alkalinity was due to free ammonia. A drop of
Nessler's solution* added to the first portion of the product
of distilling 500 c. c. with some solution of baryta gives a
brownish yellow color if a very small quantity of ammonia
was present and a precipitate if therc was much. Filtration
through charcoal will remove ammonia from water and, to
a great extent, the organic matter which generates it.

127. The estimation of frce ammonia is made by comparison of the
color produced by Nessler's solution added to the water, distilled
with certain precautions, with that of & solution of ammonium chloride
of known strength. Thie standard solution contains 0-0316 grm. in
a litre of distilled water, ascertained to be free from ammonia ; so that
the litre contains what correspondsto 001 grm.t of ammonia and each
c. c. $0 000001 grm. Distil 1n retort with Liebig's condenser 200 c. c.
of the water, to which 15 c. c. of saturated solution of sodium carbonate
have been added. Receive the firat 50 c. c. of the distillate in a glase
cylinder, and add 16 c. c. of Nessler’s solution ; ammenia if present
will give the characteristic color. Into a second cylinder put as
much of the standard solution of ammonium chloride as is likely to
be required ; add pure water to 50 c. ¢. and 1'6 c. c. of Nesslor's
solution. Compare the colors of the two cylinders, emptying the
second and repeating the process if they de not exactly correspond,
until both exhibit the same shade. Assume that the undistilled 160
¢. ¢. of water contain one-third of the quantity of ammonia in the
60 c. c. exumined. Each c. c. of standard solution required ropresents
0-00001 grm. of free ammonia in one-fifth of a litre of the water under
examination, or 000006 in ome litre. If urea be present, it will
contribute an indeterminate quantity of ammonia in this process
which will be reckoned as * free.”’ Great carc must be taken to ensure
the perfect cleannoss of the apparatus. A very puse water should yield
no more than 0-000004 grm. (0-004 mgrm.) of free ammonia; Man.
chester water gave 0:006 mgrm.; water supplied by East London

* Put 35 grams of potassium jodide and 13 grams of mercuric chloride
into about 800 c. c. of distilled water. Heat to boiling and stir until
the salts are completely dissolved. .Add cautiously a cold saturated
:,olution of the uﬁe cblox;'d;r::til the mercuric iodide ]t::i ins to

e permanent. en ad uslly 160 grains of po or 120
grains of soda), to the solution and make up to one litre with distilled

water. Lastly, add 4 c. c. of the mtunwr wmercuric chloride eolution
and allow the deposit to subside.

_ t The equivalents of NH4Cl and NH3, (53'5 and 17) being ¢.p.
in the ratio of 00315 to 0-0100.
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Water Co., 0'030 mgrm., Thames water at Hampton Court, 0-045
mgrm., and a very impure well water 40 milligrams per litre.

128, When water contains a sulphate in solution (as that
of calcium or of sodinm) and also organic matter, the latter
takes oxygen and converts the sanlphate into a sulphide.
This again being decomposed by a free acid, (probably
organic, possibly by carbonic acid), sulphuretted hydrogen
is the result ; it is also one of the products of the putrefac-
tion of albumen. Water in contact withit at 15° absorbs
323 volumes. The presence of this gas in drinking-water
has been supposed to cause boils but the evidence for the
supposition i8 not convineing. Diarrhoea also has been
attribated to the use of such water but organic matter was
probably present besides. The pecnliar odor of this gas
renders its presence even in small quantity readily percep-
tible, especially with the aid of gentle heat, and a solution
of lead acetate in solution of soda gives a black or brown
color with water which contains it. Boiling, agitation,
exposure to air in divided streams, filtration through
charcoal or addition of lime removes it from water.

129. Sulphuretted hydrogen can be estimated by means of a
standard solution of iodine, containing 6-350 grms. dissolved (with the
2id of a small quantity of potassium iodide) in a litre of water. A starch
test-solution is prepared in the usual way and alittle of itadded to s
litre of the water. The iodine solution is dropped in until a faint blue
color nppears.® Each c. ¢. of solution required to produce this effect
represents 0'00085 grm. of sulphuretted hydrogen ; multiplying which
by the number of cubic centimeters used and the product by 0-00056%
gives the corrected volume of the gas per litre. -

130. Marsh-gas is evolved in the slow decomposition
of vegetable mattet, air being excladed ; but iz only very
slightly soluble in water. It wounld be found in marsh
waters ; and certain foul river waters, that of the Thames
for instance, undergo when kept for a few days a kind of
fermentative purification, during which great part of their
drganic impurity is given off in the form of rearsh-gas and

® H38 - I2==2HI + 8; therefore, so long as H 8 is presens
in the water I is converted to HI and, being combined, does not
affect the starch. The blue color shows that H2S has disappeared.
" Each molecule of the gasrequires a molecule of indine ; that is, 254
weights of the latter imply 34 of the former. 254: 34 ..0:00635:

00085.

° ?00: litre at 0° and 760 mm. weighs 1-51961 grm.; which: 0-00085
s 1-000 Itr, : 0-00056. :
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sulphuretted hydrogen. It may leak into water from gas-
pipes. There 1s no reason to suppose tbat its presence in
drinking water is mischievous. Boiling or exposure to air
in divided streams frees water from it.

131. Dissolved solids are organic or inorganic; the
former being the more important. The nature of the
substances in solution is of greater consequence than their
total amount, but this also should be ascertained; both
because it may be excessive and also as a check upon the
detailed examination. It is not possible to lay down an
absolute rule as to the quantity of total solids, irrespective
of their quality, which is objectionable; but they may
generally be considered excessive when they are more than
half a gram per litre, although an excellent water may
contain more than this.

132. The amount of total solids is ascertained by evapor-
ating & known measure of water to dryness. The most
convenient arrangement is & beaker containing water,
in the mouth of which a platinum dish of 200 c. e.
capacity can rest conveniently, a small piece of filter-
paper being interposed between edge of beaker and dish,
to allow free escape of steam. 100 c.c. of the water
to be examined being poured into the dish, an ordinary
lamp is applied to the beaker and the water in it
boiled for a quarter of an hour after the conteuts of ths
dish are apparently dry. The dish is then removed,
wiped externsally, allowed to cool on an iron plate, under
cover, and immediately weighed. The weight which the
dish has gained, multiplied by 10, is the total solids in
grams per litre. During the evaporation the dish should
be protected as much as possible from dust. If the water
contained magnesinm chloride, as is certain to be the case
when sea-water or sea-spray has had access to it, the
deliquescence of this salt, causing it to absorb moisture
from the air, renders accurate weighing of the residue
very difficult. The addition of about 3 centigrams of
caloined sodium carbonate to the 100 c. c. of water will
obviate this difficulty by converting the chloride into
carbonate ; and the weight of the substance added must,
of course, be deducted from that of the solid residue.
The addition of sodium carbonate may cause the dissipa-
tion of some organic matter or ammonium salts; it is,
therefore, desirable that it shonld not be made unless
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there is reason to believe that magnesium chloride is
present: which can be ascertained by holding a glass
moistened with solution of nitrate of silver over the
ignited dry residue of a small quantity of the water; a
cloud of chloride of silver being produced if chloride of
magnesium be present.

133. Part of the solid tesidue is fixed and part is vola-
tile, the latter including organic matter, with ammonium
#alts, nitrites and nitrates which owe their origin to it,
coiunbined water and maguesium chloride. To estimate if,
the dish containing the total residue is heated to redness;
when it has cooled, a few drops of solution of ammonium
oarbonate are added (to restore any calcium carbonate
which the heat may have decomposed) ; heat sufficient to
dry the residue is applied ; and the dish is again weighed,
again heatod below redness and reweighed: and the
process repeated until a constant weight is obtained.
The loss of woight represents the quantity of volatile
(chiefly organic) impurity in a decilitre of the water.
The origin and condition of the organic matter present are
more important than its amount; and the determination
of volatile solids is useful principally as a check upon
other estimations.

134. The behavior of the residue during incineration
gives a clue tou rough estimation of the quantity of
organic matter present, (when means of accurate weighing
are not at hand), and also to a judgment as to its nature.
‘Thus, if the residue blacken perceptibly, it may be inferred
that the water contains about 0040 grm. of organic
matter per litre; much charring implies about 0-080 grm. ;
copious, dark fumes, with scintillations in the residue, will
indicate at least a decigram per litre. If there is much
organic matter of animal origin, a peculiar and offensive
odor will be developed during the process. Rapid whiten.
iag indicates nitrates.

135. The presence of organic matter in solution is
almost inevitable. Even rain dissolves and carries down
some from the atmosphere and water which has percolated
through the purest granitic or clay-slate soils may contain
(estimated as above) from four to ten milligrams per litre.
Water collected from rich cultivated soils sometimes yields
a volatile residue of 0-150 to 0-400, or even more, while
this amount is considerably exceeded in peat waters aud
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marshes. In these cases the impurity is chiefly or wholly
of vegetable origin, consisting of humin, ulmin and organic
acids derived from these, none of which contain nitrogen,
though the acids readily form ammonium salts when the
base is supplied. Animal organic matter passes readily
into waters derived from the neighbourhood of dwellings,
which have washed or percolated through filth.soaked
ground, or which have been polluted by communication
with cess-pools or other accumulations of impurities.
Dead animals slowly decompose in rivers, tanks and wells,
and water from burial-grounds finds its way into sources
of supply. Urea readily becomes ammonium carbonate,
and a large proportion of the products of decomposition of
animal substances contains nitrogen, which forms ammonia
in the soil, ‘and this is oxidized, with greater or less
rapidity, to nitrous and nitric acids. Hence, water which
has been exposed to pollution by animal impurities may
contain in solution not only free ammonia but ammonium
salts, nitrites and nitrates. Again, the decomposition of
bodies of animals produces certain fatty acids, butyric and
others, not nitrogenous, which form, with caleium and
other bases of the soil, salts soluble in water; and these
are probably not the least important dissolved impurities
of organic origin.

136. The effects of dissolved organic impurities are not
supposed to be so formidable as those of suspended; the
latter including such diseases as are propagated by means
of organized germs or spores; the former, those due to
irritant poisons. Of the two classes of dissolved impurities
of organic origin, the vegetable are certainly the less hurt-
ful ; and, indeed, it is doubtful whether any ill-effects can
be traced to them. Putrescent animal matters, on the
other hand, especially those arising from feical contamin-
ation, are often productive of serious consequences. The
intestinal tract is most liable to disturbance, and diarrhca
and dysentery are not unfrequently due to this cause.
The composition of the poison producing these results is
not known ; and it has often been observed that water
abounding in organic matter, having been drank for months
or even years with impunity, has suddenly developed
poisonous material. In some cases this may be due to
unsuspected communication with a foul drain or cess-
pool, suddenly established or enlarged : in others, unusual
olevation of temperature may have concentrated the
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water or set up putrefactive changes or may have favored
the formation of the fatty acids which are known, even
in minnte amount, to be highly irritating to the bowels.
Epidemics of dysentery or diarrheea recurring annually in
the hot season are probably attributable to one or other of
these cffects of heat upon drinking water. Diarrhcea may,
in general, be expected if the water contains from 5 to 15
milligrams of putrescent animal organic matter ; although
larger amounts may be present in clear and sparkling
water without apparent ill-effect, until the obscure putre-
factive or fermentative changes mentioned above take
place.* No doubt, other impurities are also present, and
1t is not possible to allocate definitely the share which
animal organic impurity contributes to the production of
intestinal irritation ; but it may be laid down that the use
of water containing this ingredient shonld never be per-
mitted and that water contaminated by percolation through
burial-grounds is the most noxious.

137. How fur specific diseases, as enteric fever and
cholern, are dependent upon dissolved organic inpurities
cannot be stated. It is known that the former is propa-
gated by water polluted with feecal impurities, and that a
large proportion of those who drink water containing the
specific typhoid poison are attacked by the disease: but
whether this poison is a possible product of frecal sewage
simply, or necessarily of sewage including the evacnations
of enteric fever patients, is still an undecided question. It
is stated that propagation by water is less common than
by air but that the period of incubation is shorter, a large
quantity of the paison obtaining entrance to the system and
coming more immediately into contact with the intestinal
tract. It may be that the specific means by which this
disease is communicated is not a dissolved animal poison,
but a suspended organized germ; and in this case putres.
cent animal products would favor its spread by exciting non-
specific diarrhoea and acting as a predisposing cause. The
same remark applies to cholera. Diarrbeea resulting from
the use of water holding animal matters in solution increases
susceptibility to the specific cholera-poison or cholera.germ.,

* A case isreported inthe Lancet of April 26th, 1871, in which an
epidemic of diarrheea in a girle’ school is attributed to the use for
washing of water which had stood for two years in w cask.
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Either dircetly or indirectly, therefore, water thus poliuted
favors the spread of Ahese specific diseases. It may be
added that the diarrhtea resulting from water contaiming a
large amount of putrescent animal matter is frequently
choleraic in type and in severity.

138. For the detection of organic matter in solution, the
senses are of little use.  Peat-water contains much vegetable
meatter and ig dark in color, and animal matters sometimes
communicate a tinge to water in which they are dissolved ;
but depth of color is no test of degree of impurity. Nor
will either taste or smell* indicate the presence of organic
impurity, unless ammonis or sulphuretted hydrogen be
amongst its products, or unless decomposing animal matter
is present in large amount. Water holding in solution
as much as three decigrams per litre may be colorless and
unobjectionable in taste and odor. Recourse must, there-
fore, be had to other means of detection; and these aro
applicable either to the organic matter actually putrescent,
or to the secondary results of its presence. The former
is the hurtful ingredient in most instances; the latter
(ammonia, free and albuminoid, nitrites, nitrates) are
important as indicating certain past and possible future
pollution.

139. Some of the organic matters in solution reduce the
gold terchloride, precipitating the metal in the form of a
purple powder. Heuce this salt affords a means of detect-
ing the presence, and of roughly estimating the quantity,
of organic impurity. For this purpose a few drops in
golution (which should be neutral) are hoiled with 200 ¢. c.
of the water for twenty minutes. The amount of precipi-
tate which forms after rest indicates the quantity of organic
matter ; and animal substances are supposed to act more
rapidly than vegetable.

140. The reduction of potassium permanganate by oxi-
dizable organic matter affords a better measare of the
kind of impurity under consideration. The quantity of a

_*® Warming the water rendess any peculiarity of odor more percep-
tible. Butyric and other fatty acids give out a characteristic offennive
snell when wator has been kept for some weeks in a stoppered bottle,
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solution of that salt which is decolorized® by a litre of water
gives a rough estimate of the degree of contamination with
putrescent organic substances; and, as with the gold test,
animal impurity is supposed to decolorize more rapidly than

vegetable.

® 141. Accurate results can be obtained by the use of a standard
solutiont of the permanganate employed in the following manner :
A litre of the water is acidulated with 1 c. ¢. of sulphuric acid, and
the solution is added drop by drop, stirring after each addition, until
a faintly pink tinge permanent for a minute is produced. From the
nuber of cubic centimeters of permanguanate solution deduct 06 c. c.
(which is required to tinge a hitre of pure water), and multiply the
remainder by 0-0001. The result is the quantity of oxygen necessary
for the oxidation of readily oxidizable matters. Thesc include not only
the immediate products of the putrefaction of organic substances but
also sulphuretted hydrogen, nitrites and ferrous salts, tho amounts of
which must be estimated separately and allowed for. The amount of
oxygen thus corrected should not exceed 0:00005 grm.

142. Organic matters less readily oxidizable are determined with
the aid of heat, Add 2 c. c. of sulphuric acid to a litre of the
water, and as much permanganate sorution as the previous process
showed to be required for readily oxidizable matter; heat to 60°
(140° F.) ; remove lamp and drop in solution as before, stirring after
each addition. (lontinue until a tinge permanent for half an hour is
produced. If much organic matter is present the water may become
brown and in that case a little more acid must be added. The total
number of c. ¢. of solution used, less 0'6 c. c. as before, multiplied by
0-0001, gives total amount of oxygen required for oxidation.

143. It must be remembered that some organic sub-
stances escape, more or less completely, estimation by these
processes. Amongst these are included urea, sulphuric
acid, gum, starch, sugar and fats. i

144. Closely connected with those of the organic matters
in solution into thd composition of which nitrogen enters,
are ammonia, nitrous acid and nitric acid. The presence
of any one of these implies, as a general rule, the previ-
ous solution of nitrogenous organic matter in the water.

* Certain substances take oxygen from the permanganate, deccm-
posing it and, therefore, destroying its characteristic color and pre-
cipitating the manganous hydrate.

+ This solution contains 0°395 grm. crystallized potassium perman-
ganate in one litre of pure water. Its purity is ascertained by a test.
solution of oxalic acid, containing 0-7875 grm. in & litre; of which
100 ¢. c., slightly heated with a little sulphuric acid, should decolorize
completely 100 c. c. of the permanganate solution. Each c. ¢. of the
latter represents 0:0003985 grm Semmgannte or 0:0001 grm. of oxygen,
2 XMn O4 (316) = Mn203 4 O5 (80): B0 : 318:: 1: 395,
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Though, thercfore, none of them (except, perhaps, the
second) is directly injurious to health, it is important to
ascertain their presence and amount. Free ammonia has
been considered already. The presence of nitrites in large
proportion indicates previous contamination with animal
orgaunic matter, probubly recent. Nitrous acid is thud
detected. Add a few drops of acetic acid to a mixture of
solutions of starch and potassium iodide. Nitrous acid or
a nitrite in the water will give a blue color (by setting
iodine free) if 100 c. c. of it are added to the mixture.

145. The quantity of nitrousacid may be estimated approximately
by means of the permanganate solution. Add 10 c. c. of dilute
sulphuric acid to 500 ¢. ¢. of the water; boil for five minutes, to
expel the nitrous acid ; when cooled to 60°, test with permangunate.
This gives total oxidizable matter, minus nitrites. The difference
between the number of c. c. formerly required (142) and dowble that
now used, multiplied by 00001875,* gives nitrous acidt approxi-
mately.

146. The presence of nitrates generally points to animal
contamination. If no nitrites and little ammonia be
present at the same time, the nitrates of potassium,
sodiom and calcium probably indicate that the contamin-
ation is of long previous occurrence. So, too, nitrates in
abundance with little oxidizable matter, as shown by the
permanganate, indicate old animal impurity. To detect
nitrie acid, the remains of the 500 ¢. c. of the water which,
mixed with solution of baryta, (126) was distilled in the
examination for ammonia is freed from baryta by addition
of dilute sulpharic acid and filtration from barium salphate.
It is then concentrated to about 5 c. ¢., to which an equal
volume of pare sulphuric is cautiously added. Ifa crystal
of ferrous sulphate dropped into the mixture exhibits a
brown color around it within a quarter of an hoar, a nitrate
was present in the water. Or the brucine test, which is
one of exceeding delicacy, indicating the presence of so
little as 0-0001 mgrm. per litre, may be nsed. 1 c. c. of
a solution of a grain of brucine in a litre of pure water is
added to 1 ¢ c. of the water nnder examination; 1 ¢. ¢. of
pure sulphuric acid is poured down the side of the test-
tube, 80 as to form a distinet layer under the water. Ifa

* Each c. c. reprasents 00001 grm. of oxygen, of which oneatom
oxidiges a molecuEa of NU; to NOy. Thorefore, 165 : 46: : 0-0001 :
0-0001875.

t 4c., NO2 ths acil eloment of a nitrite.
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nitrate is present a pink tinge will appear at the junction
of the two liquids. The sulphuric acid must in both tests
be free from nitrous and nitric acid.

147, No convenient method for the estimation of mitric acid
alone hus yet been proposed. The amount of nitrous acid ascertained
as first described may be deducted from the sum of nitrous and nitric
acikds calculated by the process following.

148. Nitrogen existing in water in nitrites and nitrates is esti-
mated by conversion into ammonia, by means of aluminum and
an alkali. A solution of soda (ascertained to be free from nitrates) is
mals, containing a hectogram to the litre. Of this 50 c. c. are added
to 100 c. c. of the water and the mixture distilled in a non-tubulated
retort, until the product is free from ammonia (as shown by Nessler's
test), and the contents of the retort do not excecd 100 ¢. ¢.  The retort
having cooled, a picce of sheet aluminum is introduced ; the neck is
inclined a little upwards ; and the mouth is closed with a cork through
which passes the nurrow end of a tube (14 inch long and of about the
diameter of a goose-quill) filled with pieces of clean tobacco-pipe
moistened with very dilute hydrochloric acid, and connected with a
second tube contaimng‘&umicu-swnc moistened with strong sulphuric.
Theso precautions are taken to provent the entry of ammonia from the
atmosphere and great care must be observed to ensure the freedom of
theapparatus from ammonia. That which exists free in the water may
be expelled by boiling before the operation is begun. After twelve
hours the contents of the pipe-clay tube are washed into the retort
with distilled water, and a condenser, (carefully freed from ammonia
by distilling water through it until the distillate gives no reaction
with Nessler's solution), 1s attached, which dips helow the surface of
80 c. c. of ammonia-free distilled water. Distil half the contents of
the retort ; mako up distillate to 150 c. c. Apply the test to 50 c. ¢.
of this; and if the ammonia is present in such quantity as to cause
precipitation try another portion of distillate further diluted with
distilled water. From the result the quantity of ammonia obtained
from nitrites and nitrates in 100 c. ¢. of the water is calculated : and
from this and result of (145) nitrates alone can be reduced.®

149. Having thussestimated the ammonia, free and combined, the
nitrous and the nitric acids, it only remains to determine the amount
of nitrogen present in other forms (except urea,) that is, as part of
unoxidized organic nitrogenous matter, This mtrogen is converted
into ammonia, which is called albuminoid, in the following way :—500
¢.c. being put into a retort with sodium carbonate, 100 c. c. are distilled
off and tested for free ammonia, as before described (127) ; then 50 ¢. c.
of a solution of potash and potassium permanganate, made by dissolv-
ing 200 grams of the former and 8 of the latier in a litre of water and
boiling to expel ammonia, are introduced into the retort. 200 ¢. c.
are then distilled over and the ammonia estimated as before. It
should not exceed 0-00008 grm. per litre.

* The quantity of NO2 multiplied by 0:369565 gives the ammonia
to which it corresponds, because 46 (NOz) : 17 (NHs) : : 1-000:
0-369565. Deducting the ammonia corresponding to nitrous, the
remainder () represents mitric. 17 : 62 SfIOa) t: 14000 : 3-647.
Therefore ¢ X 3647 = nitric acid in a decilitre.
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150. It will be observed that no two of these methods
of estimating the degree in which water is vitiated by
organic matter deal with precisely the same impurity; and
it follows that none of them should be relied on by itself.
Incineration gives the amount of volatile matter, including
animal and vegetable material, in various conditions of
decomposition and decay, arumonium salts, nitrites, nitrates,
combined water and algo, not unfrequently, some inorganic
salts as well. The permanganate tells us how much
ozidizable matter is present, including putrescent organic
substances and others. Distillation with sodium carbonate
gives a result which includes free ammonia, ammonium salts
and urea—substances indicative of scwage contamination.
Distillation with aluminum and soda enables us to estimate,
by conversion into ammonia, the amount of nitrogen
(derived from nitrogenous, chiefly animal, matter) which
has been oxidized either to nitrous or to nitric acid. By
distillation with potash and potassinm permanganate we
determine the nitrogen of azotized matter not yet oxidized
and still a constituent of albuminous compounds. The use
of these five means, with the determination of the amount
of chlorine present, gives us as much information as is
attainable in the present state of our knowledge on the
most important point of the fitness or unfitness of water
for use. It may be added that neither subsidence nor
filtration can be expected to remove all suspended organic
matter from water : and that, therefore, the resnlts obtained
by these methods will not be due to dissolved impurity
exclusively.

151. For the purifieation of water containing organic
matters in solution owidation is the great means. By it
putrescent and other hurtful substances are converted
into harmless products, ax nitrates and ammonia and
probably nitrites. Water freely exposed to air; especially
if moving coutinually as in rivers, undergoes spontane-
ously but slowly this kind of purification. On a small
scale, water in divided streams passing from one vessel
to another loses by similar means its organic impurity.
The potassium permanganate or Condy’s Fluid supplies
oxygen for the same purpose by its own decomposition.
Filtration through charcoal, especially animnl, acts simi-
larly, bringing oxygen absorbed into its pores into intimate |
contact with the oxidizable organic matter. Filtration
through the magnetic oxide of iron is supposed to remove
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to remove the same impurity by chemical means; and iron
wire and a mixture of ferric oxide and charcoal are said to
have similar properties. Lime, strychnos potatorum and
boiling may be employed if better means are not at hand.
Nitrates are gradually removed by growing plants.

152. The inorganic dissolved impurities requiring notice
are sodinm, potassium, calcium, magnesium, 1ron and lead,
in combination with chlorine, sulphuric, mnitrous, nitric,
phosphoric, carbonic or silicic acid.

153. Chlorine is almost invariably present in natural
waters, in combination with the alkaline metals or calcium.
Even rain water has been found to contain as much as
0020 grm. of sodium chloride (0:012 grm. chlorine) per
litre, derived from sea-spray which may be carried hun-
dreds of miles inland by winds. This is one source of the
presence of this salt in other waters ultimately derived from
rain. Formations deposited originally in sea-beds retain
the sea-salts, including magnesium, potassium, and espe-
cially sodinm, chlorides: and occasionally the latter two
are found in mass. Direct percolation from the sea is
another source of chlorine in other waters. Lastly, sewage
containing the excreta of men and animals includes a large
proportion of sodium and other chlorides, which it imparts
to water in contact or communication with it. It is owing
to this last possible origin of chlorine in drinking waters
that an exaggerated degree of importance has been
attached to its presence. This is its least likely source, in
this country at any rate ; and its derivation from such
organic contamination will always be indicated by the
accompanying presénce of other products of sewage poliu-
tion. Its effects will be considered with reference to the
bases with which it may be in combination.

154. The presence of chlorine is detected by means of
a polution of silver nitrate. Add e few drops of dilute
nitric acid to about 200 c. c. of the water; then some of a
solution of silver nitrate. If chlorine is present the silver
chloride, white and insoluble, is formed ; and from its
appearance a rough estimate of the amount of chlorides
present may be made. 15 milligrams per litre of sodium
chloride produce a haze when the nitrate has fully decom-
posed it ; 6 centigrams cause decided turbidity ; a consid-
erable precipitate will be formed with 0-140 grm,

Fad
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155. Chlorine is nccurately estimated in the following manner :~
100 ¢. c. of the water are colored yellow with 2 or 3 c. c. of solution of
pure noutral potassium chromate* containing 10 grams tothe litre. A
standard solution of silver nitrate, 0:479 grm, in the litre, is added
drop by drop until the color changes from yellow to red, indicating
that, the chlorine having all combined with the silver, the excess of
the latter hus formed the red gilver chromate, Each c. ¢. of nitrate
solution rupresents 0'1 marm. of chlorined ; therefore, the number of
c. ¢, necessury to produce u red color in the water represents milligrams
of chlorine per litre, 100 ¢, ¢. of water having been tested.

156. Caleium is the most tmportant of the bases found
in water, whether used for drinking, cooking or washing.
It is the principal cause of hardness, which, if excessive,
renders water unfit for culinary purposes and canses grent
waste of soap in the cleansing of the person or of clothes.
Its salts, so far as our purpose is concerned, are the
carbonate on one hand, removable almost completely by
boiling, and the sulphate, chloride, nitrite, nitrate and buty-
rate on the other; the latter group (to which the hydrate
may be added) remaining in solution after the carbonate
has been precipitated. As water percolates through soils
itdissolves out more or less completely the lime salts almost
always present. Spring, well or river water, thercfore,
generally holds calcium compounds in solution, and even
rain water is rarely free from traces of them derived from
the atmosphere.

157. The test for the presence of lime salts in water is
a solution of ammonium oxalate which throws down the
whole of the calcium as oxalate, the water being first made
nentral or faintly alkaline by ammonia. Turbidity follow-
ing the addition of the solution shows that abouta decigram
per litre of some calcium salt is present : a considerable
precipitate indicates about 0250 grm.; and 0400 grm.
will give a large precipitate.

158. The total calcium may be estimated thus : To 250 c. c. of the
water add ammonia until its odor is permanent after stirring (filtering
if a precipitate results); a little ammonium chloride (to prevent

possible procipitation of magmesium salts) and ammonium oxalate
as long as it produces any cloud ; stir and allow calcium oxalate to

* The chromate is often impure, containing chlorides. It is, there.
fore, desirable to ascertain how much standard silver solution is neces.
sary to produce & decided red color when the chromate solution haa
been added to pure water: and a correction will be made accordingly.

1 Because 170 (Ag NO,): 355 (CL) : : 0:000479 : 0-0001.
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subside ; draw off as much of the clear water as possible and filter
the remainder (retaining filtrate and water drawn og) ; wash oxalate
on filter ; cut filter with precipitate into small picces and heat to
dull redness for ten minutes in a plantinum dish or crucible, to
convert caleium oxalate into carbonate ; moisten with a few drope
of stroug solution of ammonium carbonate, to re-carbonate any
caustic lime which may have been formed by excessive heat ; ’
weigh, deducting for weight of ush of filter. The result multiplied
by 1-6% is the weight of ealcium in one litre of the water.

159. Tt has been already stated that calcium exists in
water in two kinds of combination and the distinction iy
of great importance both from the sanitary and from the
economie points of view. Caleium carbonate is soluble in
pure water only to a slight extent, about 30 milligrams
per litre, but 18 freely soluble in water holding carbonic
acid in solution. Rain as it falls takes up this acid from
the atmosphere, and, as it percolates through the soil,
the interstices of which often contain air highly charged
with carbonic acid, it absorbs still more. The water
thus becomes a solvent of any carbonate of calcium (and
also of carbonate of magnesium or of iron) which it meets
in the soil. Hence the water of chalk or limestone forma-
tions holds always a considerable and sometimesa very
large proportion of calcinm carbonate in solution, by
means of carbonic acid. The expulsion or neutralization
of this acid necessarily destroys the solvency of the water,
and, as this can be effected by boiling (which drives off
the acid) or by adding lime (which combines with it)
this lime salt is readily removable from water. Hence
hardness depending on the presence of carbonates thus
beld in solution is called removable or temporary hardness;
and, as calcium sals are the principal cause of total hard-
ness, 80 calcium carbonate is the principal cause of tem-
porary hardness.

160. Water may contain a very large quantity of calcium
carbonate without effects either disagreeable to the tastet
or directly hartful to the health. Constipation bas some-
times been attributed to excess of this impurity and there
appears to be good reason to believe, though the evidence
is conflicting and the conclusion still noestablished, that

* 100 (Ca CO,) : 40 (Ca) : : a (weight of heated precipitate) : 0-44.
Therefore, weight of Ca in 250 ¢. ¢. = 042 : and in one litre = 1°64.
+ 15 centigrams per litre will be perceptible.
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bronchocele and cretinism* are traceable to the presence
of large proportions of calcium salts, including the car-
bonate, in the drinking water of the districts in which
those discases prevail. Urinary calculus is common in
certain districts of England where the water is hard. Food,
especially vogetables, is imperfectly cooked in such water,
the carbonate being deposited on the surface as it boils
and impeding the transmission of heat. Waste of soap
will be considered hereafter.

161. The presence of this salt will be made evident by
boiling the water for half an hour in a glass flask. The
carbonic acid will be thus driven off and most of the
carborates present thrown down, so that the amount of
turbidity or of precipitate will roughly indicate the propor-
tion of removable to total calcinm previously inquired into.
Other carbonates, however, are thrown down also; and,
therefore, a better opinion may be formed if the precipitate
produced by boiling be collected on a filter, re-dissolved
in dilute hydrochloric acid, and re-precipitated from solu-
tion, made up to original bulk with distilled water, by
ammonia and ammonium oxalate—the same means of
judging quantity being employed as before (157).

162. For accurate estimation of calcium carbonate the same
method is applied to 2560 c. o. of water. The precipitated calcium
oxalate is converted to carbonate as before (158) and weighed. It
ﬁltay be considered excessive if there is more than 15 centigrams per

Te.

163. One means of removing calcium carbonate, so far
as its presence depends on free carbonic acid, has been
already spoken of, namely, boiling for half an hour. Mr.
Clark’s process consists in adding lime to the water, which
combines with the free carbonic acid to form carbonate,
which, along with that which is now thrown out of solu-
tion, gradunally subsides; carrying -with it, as we have
seen, organic and other matters in suspension. It must
be borne in mind that this prooess removes temporary

¢ These effections generally co-exist; the latter appearing when
from one-tenth to one-fifth of the human population is suffering
from the former. The lower animals as dogs and cats, are liable to
goitre. Excess of caleium and magnesium salts in the drinking water
18 supposed to act by causing early and excessive ossification at
the base of the skull, By some, these diseases are attributed to iron
pyrites or other metallic sulphide.
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hardness only, while it adds &lightly to the permanent
hardness, to the extent of the lime which is taken into
solution. It js applicable, therefore, to waters containing
a large yuantity of carbonates in solution ard not contain-
ing an excess of other calcium salts.

164. The other caleium salts, which are not precipi-
tated by boiling, are more important than the carbonate,
because their effect upon the health, even in small quan-
tities, is injurious; while they are equally objectionable
economically. The sulphate is the most common, and
water containing it is likely to produce dyspepsia, and
diarrheea following constipation. The chloride and the
nitrate also irritate the alimentary mucous membrane;
the nitrite has probably the same effect. Organic fatty
matters undergoing putrefaction often generate butyric
acid, which, itself highly irritating, combines with calcium
to form a poisonous butyrate.

165. The total amount of soluble calcinm salts is ascer-
tained by applying thbe tests described above to water
from which the carbonate has been precipitated by boiling.
The permanent hardness of water is mainly due to these
and the soap fest (173), therefore, yields an approximate
cstimate of their amount. The quantity of each salt
present is not of very great importance, but it may be
ascertained from a complete quantitative analysis of the
basylous and acidulous radicals present in the water. The
sulphate should not exceed 5 milligrams per litre. - About
350 milligrams of this salt, or 200 of the nitrate, may be
present without bging perceptible to taste,

166. Magnesium is a much rarer impurity than cal-
cinm; but it is found in water from several Madras
stations. Its salts are second in importance, as causes of
hardness, and are even more likely to produce intestinal
derangement than equal quantities of those of calcium.
When water is boiled to expel carbonic acid magnesinm
carbonate is deposited with calcinm carbonate. As the
water cools, the former is re-dissolved ; and, therefore, it
should be filtered hot if it is desired to separate the
carbonate from the other salts of magnesinm. When the
mixed precipitate is dissolved in dilute hydrochloric acid
and the calcium separated by precipitation and filtration,
add ammonia, ammonium chloride and sodium phos-



66 WATER.

phate ; stir well and let the water stand for 24 hours. The
prosence of magnesium carbonate will be shown by the
appearanceof characteristic prismatic crystals of ammonium
magnesinm phosphate. The boiled water may be similarly
treated to ascertain whether magnesium salts—the chloride
and salplate—arc present; or the calcium may be removed
from the original water, unboiled, aud the maguesium
thrown down as described.

167. To estimate magnesium the 250 c. c. of water from which all
the calcium has been removed (158) are concentrated by eviporation,
treated us in lust paragraph with ammonia (in considerable excess)
ammonium chloride and sodium phosphate, the erystalline precipitate
is carefully colleeted on a filber washed with dilute ammonia, calcined
with intense heat ina platinum dish or cruciblo to convert it to the
magnesiam pyro-phosphate,  Allowance being made for the weight of
the ash of the filter, the weight is multiplied by 0-8733% and the
product is the guantity of magnesium in one litre of the wuater.
Magnesium salts should not exceed 4 centigrams per litre.

168. Iron isa third cause of hardness. Few of our
waters are altogether free from it and it is present in most
cnses as the carbonate, held in solution by free carbonic
acid. It follows that it is thrown down by boiling, along
with the caleium aud magnesium carbonates ; and when
the precipitate is re-dissolved in dilute hydrochlorie, a
drop of potassium sulphocyanide added to 1 c. c. of the
solution gives a red color if iron is present- Tasfe detects
a smaller quantity of iron than of any other impurity, and
it ig said that 3 milligrams per litre give an appreciable
chalybeate flavor.  Excess of thisimpurity not only renders
the water disagreeable to drink but also occasionally
produces headache, constipation and other symptoms of
dyspepsia. Boiling, lime and perhaps filtration remove it.

169. Iron is best estimated by the permahganutu, having been
first completely brought to the ferrous condition. As it is gencrally
present in very small amount, it will be better to operate on the incip-
orated rosidue of u litre of the water with 10 c¢. c¢. of diluto sulphuric
acid (1 partin 10). Dilute, aftcr applying gentle heat for half an
hour, to the original quantity with distillod water and pass a stream of
uul_Yhur dioxide through it (to reduce any ferric salts to ferrous) ;
boil (to expel excess of gas) und add pormanganate solution until a
faint pink tinge is permanont. The number of cubic centimeters used,

* The pyro-phosphate is Mg,P,0,, the numerical equivalent of
which is 222-6. Weight found () : weight of magnesium contained: :
2226 : 486 (Mg.); therefore, magnesiumin 250 ¢. ¢. == 2 X 0-21833.
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after deducting 06 c. ¢. (required to color pure water) multiplied by
0:0007* is the quantity of iron present in one litre,

170, The three bases now considered, with frce acid
(which acts by dissipating a lather already formed and
which in this country is ouly likely to be carbonic) are the
causes of hardness, and, thercfore, this quality is a test of
their presence and may be made a measure of their amount.
Ordinary soaps are stearates (or oleates) either of potas-
sium or sodium, soluble in pure water, and when dissolved
enabling it to form a lather, or collection of more or less
permanent bubbles, when shaken. When salts of the
alkaline-earth metals (including magnesium) or of iron are
present, the alkaline stearates are decomposed and insolable
stearates are formed instead, appearing as a cardy scum
and nitimately as a precipitate. These insoluble stearates
are uscless for cleansing purposes and so much soap as is
thus decomposed is wasted. Hardness, therefore, is a
quality of great importance, economically in the first place
and sanitarily in the second, inasmuch as any caunse which
renders cleanliness of clothes, dwellings and persons more
expeusive and more difficult of attainment is necessarily
detrimental] to health. Further, as on the addition of an
alkaline stearate to water none will remain in solation, and
consequently no lather will be possible, until the whole of
the calcium, magnesium and iron salts have (in the absence
of free acid) been converted into stearates, the quantity of
soap which has to be added to a given quantity of water in
order to produce a lather is a measure of the amount of
calcium, magnesium and iron salts in solution ; in other
words, of the hardpess of the water. The quantity of soap
required is ascertained by using a standard soap solution.

171. A standard lime solution is first prepared, which contuins 16
grains of caleium carbonate (or something equivalent) in a gallon of
pure water. The hardness of this solution is said to be 16° of Clark’s
Stale; each degree of hardness representing, therefore, one-gixteenth
of 0229 grm. or 00143 grm. of tho carbonate, or corresponding weight
of any othor hardening salt, per litre. There are several ways of
preparing a solution of this strength ; the simplest is to dissolve 0:393

grm, of puro selenite + (hydrated caleium sulphate) in a litro of distilled
water; or the original method may be more convenient. Dissolve

® One atom of oxygen converts 2 FeO to Fe,O, : and each c. ¢. of
permanganate solution supplies 0:0001 grm. Hence 16(0): 112 (Fay)
1:0°0001; 0-0007.

+ 100 (Ca COa): 172 (Ca SO,, 2H,0): : 0-22857 : 0-39314.
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0-229 grm. of white marble or Iceland spar in pure hydrochloricacid,
evaporate to dryness, dissolve in distilled water, again evaporate and
repeat dissolution and evaporation until a Xerfectly neutral solution
of calcium chloride is obtained ; then add pure water to make up
s litre, Ora standurd solution may be prepared by dissolving 0-598
grm.* of pure barium nitrate in a litre of water, which will answer
the same purposes as the lime solutions. In all three cases the
solution may with advantage be made of 10 times the strengths
indicated above and carefully diluted to standard when required
for use.

172. The solution thus prepared is used for making the standard
soap solution. Rub together in a mortar small quantities at a time
of emplastrumn plumbi and dry potussium carbonate, in the propor-
tion of two parts to one. Potash (or soft) soap and lead carbonate
are formed. Dissolve out the former with rectitied spirit (about 90
per cent. of absolute aleohol,) using in repoated treatments about 30
times as much spirit us lead plaster. Let the solution stand some
time and filter. Dilute with an equal volume of distilled water, and
proceed to standardise thus.¢ T'ut 100 c. ¢. of standard lime solution
into & 6-ounce stoppered bottle, add some soap solution from a gradu-
ated burette, shake the bottle for half & minute and see if a lather
{)erma.nent for five minutes results. This effect should be produced
)y 32 c. c. of soap solution, so that if (as is probable) less is necessary
the latter must be diluted with proof spirit until it is of such strength
that 32 c. ¢. are roquired. Great care must be used in this process
of graduation. 1fit is accurately performed very valuable results are
obtainable from the soap test.

178. Having now a standard soap solution, of which

- 82 ¢ c. are necessary to produce a lather permanent for five
minutes when briskly shaken with 100 c. c. of water
containing 0-229 grm. per litre of calcium carbonate, or
an equivalent quantity of other hardening salt,~—water
which, in other words, possesses 16° of hardness on Clark’s
Beale—the fotal, permanent and temporary hardness of any
sample of water can be readily ascertained with the help
of the table following. 100 c. c. of the water are put into
the bottle and a few ¢. c. of the soap solution shaken with
it. If no lather permanent for five minuntes is produced,
more solution is added and the shaking repeated. Thus
the least quantity of soap solution necessary to produce

® 100 (CaCO,): 261 (Ba 2NO,): : 0-229: 0:59769.

+ A soap solution may be more easily preparedntir dissolving some
soft soap in equal parts of rectified spirit and distilled water, but the
result is not so satisfactory.

{ Suppose a permanent lather produced by 15 c. c. of soap solutiou
of which 251 have been prepared, 15 : 32 : : 2561 : 635'5. The solution
will, therefore, be made up to 636°5 c. ¢. with proof spirit.
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175. Tt is obvious that water exceeding 16° of hardness
must be diluted with an equal bulk of distilled water if it
does not exceed 327, and with twice its bulk if of more
than 82° and less than 48°. The numbers obtained from
the table will then be multiplied by 2 and 3 respectively.

176. It is not desirable to use for drinking water exceed-
ing 5° of permanent bardness, The limit of desirable
temporary hardness may be stated as 10°; but, as before
{iomtﬁd out, a much higher degree is not incompatible with

ealth.

177. The primary usc of the sonp-test is the determination, for
sanitary and vconomic purpeses, of the total quantity of salts which
produce hardness of water und of that portion of them whick remaine
in solution when the water is boiled. It has, besides, a vuluable secon-
dary use, enabling us to make approximate estimations of certain
bascs and acids, and assisting us in determining the manner in which
theso urc combined and in checking results obtained by other processes.
‘Thus calcium, magnesinm, sulphuric and carbonic acids may be approx-
imately estimated. The last has been already considered (125).

178. 1f we determine the total hardness of a water, precipitate the
calcium sults and again determine hardness ; the difference represents
the whole of the calcium. Care must be taken to avoid udding excess
ot ammonium oxalate which may itself be a cause of hardness. Each
degree of hardness represents 0-0143!1 grm. calcium carbonate or
0-0056724 . calcium. ~ This decimal multiplied by difference between
total hardness and hardness after precipitation of calcium, in degrees,
gives amount of calcium present in the water.*

179. A similar method applied to the magnesium compounds gives
less satisfuctory results, partly in consequence of the variable compo-
sition of the compound formed with the fatty acid. The calcium
is accurately precipitated from 200 c. c. of the water which isallowed
to stand 24 {oum, tiltered, boiled for half an bour, (expelling or preci-
pitating the ordinary causes of hardness other than mugnesium) filtered
and made up to original bulk with distilled water. The hardness is
then determined after cooling. The number of degrees multiplied by
0-0034771 gives, approximately only, magnesium in grams per litre.

180. Returning to the remaining bases, potasgium is often pre-
sent in emall quantity, and may be estimated by first converting it
and sodium together into chlorides and subsequently forming ths
double chloride of platinum and polassinm, Evaporate 1,260 c. ¢, vof
the waterin a dish to 200¢. c.; add 3e¢. c. of milk of lime, heat for
5 minutes und wash the dish carefully into a flask holding 250 c. c.
When cool, make up to 250 c. ¢., shake, allow to settle, filter. Add
ammonium carbonate and oxalate to 200 ¢. ¢. of the filtrate (which
now contains the solids of four-fifths of the original quantity, that is,

* 100 (Cu CO,) : 40 (Ca):: 001431 : 0-005724.
+ 100 (Ca CO,) : 243 (Mg) : : 001431 : 0-003477.
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of one litre ), make up to 250 c. c. and filter from subsided calcium
oxalate. To 200 c. c. of the filtrate (equivalent to 800 c. ¢. of the
original wuteri add ammonium chloride, evaporate to dryness and
ignite. If little sulphuric ucid is present the result is a mixture of
potassium nnd sodium chlorides, the sulphates being converted b
the ammonium chloride. 1f there is much sulphuric, barium chloride
should be added, before the milk of lime,in quantity sufficient to
precipitate the former, its amount being ascertained as hereafter
described (190). Weigh the mixed chlorides, having ascertained that
the residue 18 completely soluble in water, and that smmonia and
sammonium carhonate give no precipitate (which would imply the
prosence of lime).

181. To separate the chlorides, dissolve in a little water: add
aqueous solution of platinum totrachloride in excess, evaporate nearly
to dryness on a water-bath, treat the residue with alcohol of 80 per
cent. strength, cover with a glass plate and leave for 6 hours,
occasionally stirring. The supernatant fluid will be of a deep yellow
eolor if enough of the platinum salt has been added ; if it is not so,
add more. The double chloride of sodium and platinum is dissolved in
the alcohol, thut of pofasvsiwm and platinum appears as a yellow
owder, Filter, wash with spirits of wine, dry at 100° and weigh.
The weight (deducting for the filter) multiplied by 0-16* gives potas-
sium present in 800 c. ¢.t

182. The sodium salts generally found in water are the
chloride and the sulphate, and it is usual to suppose all the
chlorine combined with sodinm if the latter is present in
sufficient quantity. The presence of common salt in water,
unless largely in excess is, in itself, rather beneficial,
especially in India, than injurious. It may be derived from
sewage contamination, but in the majority of instances in
this country it has no such origin. When so derived other
evidences of pollution cannot fail to be present. In excess
it may cause diarrhoen, as in a case where about 3'5 grams
per litre were present; in amount not perceptible to
taste (and less thhn a gram per litre is not perceived by
most persons) its presence is of no consequence, except as
a possible indication of sewage coutamination. It may be
partly removed from water by filtration through a consid-
erable thickness of sand and charcoal, and in this way

* 488-7(2KCl, Pt Cl, ) : 782 (2K) : : a (weight of double chloride)
: # (weight of potassium). Thereforez =a X 0-18.

+ It should be ascertained that the jiltrate contains no potassium.
For this purpose, add to it some more platinum tetrachloride, evaporate
to dryness and treat residue as before with strong spirit. 1f any double
chloride appear, allow it to subside, decant off yellow fluid, wash
repeatedly by decantation with small quantities of epirits of wine and
transfer fo filter containing the former precipitate.
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brackish water may be rendered fit for use. The sulphate
is not likely to be present in hurtful amonnt; it shounld
not exceed a decigram. Its effect would be to produce &
tendency to diarrhcea. The carbonate is sometimes found
and spoils the water if it exceeds 3 decigrams. As much
a8 7 decigrams may be present without being perceptible
to taste.

183. All or the greater part of the chlorine being in
combination with sodium, the quantity of the former
ascertained to be present affords an indication of the
amount of the latter. Supposing all the chlorine and
sodium to be present as sodinm chloride, the quantity of
chlorine found (155) multiplied by 1-648* would give the
sodium chloride, and by 0:648t the sodium.

184. The sodium may be accurately estimated in two ways: either
by the method described above (181), or by disregarding the potassium,
(which is never present in large amount,) converting all the salts
into sulE}‘lmtes, and making deduction from their total weight for
the sulphates other than sodium sulphate, as Xreviously determined.
Knowing the weight of mixed potassium and sedinm chlorides (for
800 c. c. of water), and having ascertained the quantity of potassium,
this multiplied by 1-908} gives potassium chloride, which subtracted
from weight of mixed chlorides and multiplied by 0-4915§ gives
sodium in one litre. For the second method the incinerated residue
of 100 c. c. of the water (133) will suffice. Add dilute sulphuric,
apply gentle heat for 10 minutes, evaporate to dryness, add a little
ammonium carbonate, dry, weigh. The result may be taken as
gilica and the sulphates of iron, calcium, magnesium and sodium.
Bubtract from it the weights of silica (191) ; of iron (169) multiplied
by 2:714]]; of calcium (1568) multiplied by 3'4¥; and of magnesium
(167) multiplied by 4'9506.* The remainder is sodium sulphate,
which multiplied by 3:244+ gives sodium in one litre of the water.

# 3556 (Cl): 6856 (Na CI):: 1 1-648.

1t 856'56:23::1:0648.

1 30'1 (K): 74'6 (KCl) : : a (weight of potassium in 800 c. c.): 2
(corresponding weight of chloride.) Therefore z = a X 1:908.

¢ 58:56 (Na Cl) : 23 (Na) : : b (weight of total chlorides in 800 ¢. c.—
weight of potassium chloride) : y (sodium in 800 c. c.) Therefops,
y == & X 0°3932, which multiplier becomes 04915 for 1000 c. c.

u!l 56 (Fe) : 152 (Fe BO,) : : ¢ (weight of iron) : z weight of ferrous

sulphate). Therefore, e =¢ X 2:714.

9 136 (Ca BO,) -~ 40 (Ca) = 8-4.

** 120-3 (Mg 80,) < 248 (Mg) = 4-9506.

11 142 Na, 80,): 46 (Nay) : : a (weight of sodium sulphate obtained
from 100 c. c. of waterg : # (weight of sodinm.) Therefore, z ==a X
0°324 ; the multiplier ing 324 for 1000 c. o.
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185. Tt is necessary to speak of only one other base.
Lead salts are not uncommonly found in water which has
passed through leaden pipes or been kept in leaden cisterns.
Commercial zinc gencrally contains lead, and its use for
the storage or distribution of water is, therefore, open to
the same objoctions as the employment of lead itsclf,
The solvent action of water on lead depends upon the
nature of the impurities which the former contains : water
absolutely pure being itself, in the absence of air, incapa.
ble of acting on the metal. Any impurity which forms,
directly or by decomposition, a soluble lead compound
favors lead contamination. Thus water containing oxygen,
air, organic acids (animal or vegetable), nitrites, nitrates
or chlorides should not be kept in contact with lead.
Hence rain-water, water containing sewage, or water which
has lain on rich vegetable mud should not be conveyed or
stored in lead. On the other hand an impurity which
forms an insoluble lead salt, or which deposits a coating
impervious to water upon the metallic surface, cxercises
protective iufluence against lead poisoning. In this way
carbonic and sulpharic acids, or decomposable carbonates
and sulphates, forming insoluble lead salts protect from
the usual consequences of the presence of lead-—with this
exception, that if free carbonic acid is present it rendors
part of the lead carbonate soluble. Hard waters deposit
a protective crust which is found to consist of the carbon.
ates, sulphates and phosphates of lead, calcium and
magnesium. Calcium phosphate is especially protoctive.

186. The consequences of lead poisoning are so well
known that they need not be bere described. The quantity
of lead likely to produce intoxication necessarily varics
with individual peculiarities, and in some onses 0-14 mgrm.
of lead per litre is said to have becn hurtful. As a rule,
07 mgrm. may be taken as the maximnm admissible in
wholesome water; but it ia obviously much better that
there should be none. 'When lead is present at all, accident,
carelessness or mismanagement may readily cause increase
in its amount from a harmless to an injurious degree.

187. Lead is detected by means of sulphuretted hydro-
gen. Boil eome of the water, acidulated with salphuric
acid, and add saturated solution of sulphuretted hydrogen,
A brown discoloration, caused by the formation of sulphide,
indicates the presence of lead. If the guantity be very
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small, concentrate the water by cvaporation from half a
litre or a litre to 100 ¢, ¢. It should be added that copper
would cause a similar discoloration, but the presence of
this impurity is so improbable that it need not be considered.

188. Load may be estimated by means of a stundard solution*
containing 01 mgrm. in each c. ¢. Add to 400 ¢. ¢. of the water
4 ¢. ¢. of saturated solution of sulphurous wcid and 1 c. c. of dilute
sulphuric (1 part in 10); distil in a retort till 210 ¢. ¢. come over,
testing tho last fow drops to ascertain their perfect freedom from
sulphurous acid.¢ By this means any substance which might oxidize
sulphurctted hydrogen and so causc a deposit not due to sulphide is
removed. The contents of the retort being nearly cool, 100 c. ¢. arc
transferred to agluss cylinder and 5 c. ¢. of saturated solution of
sulphuretted hydrogen added, A brown color, without precipitate
for some minutes, is produced if load be present, which is compured
with that resulting from a similar treatment of standard solution.
As much of this as is thought likely to be nccessary is put into a
socond cylinder, which is filled to 100 ¢. c. with well.boiled distilled
water, containing about as much sulphuric acid asthe sample, and
sulphuretted hydrogen solution added. If the colors correspond, the
quantitics of lead are equal ; it they do not, tho exporiment must be
reponted until they do, and this may be done three or four times
before tho color ccases to bo clear. The standard solution must be
mixed with tho distilled water before the other solution is added;
otherwise a precipitate will be formed. It is often sufficiont to boil
the wator woll before adding the sulphuretted hydrogem, without
using sulphurous acid. By this process 1 part of lead in 750,000
parts of water can be detected, and the limits between which estimation
can be made may be taken as 2 and 20 milligrame per litre, If the
water contains much less than half the former guuntity it must be
concontrated before cstimation.

189. The bases having beon detected or determined, it
remains to oxamine the water for the acids with which
they are in combination. Sulphurie acid is tested for and
roughly estimated by adding to a small quantity of the
water a few drops of dilute hydrochlorie acid and barium
chloride in solution. If more than 0-020 grm. per litre of
any sulphate is present a perceptible precipitate of barium

* Thus yrepamd. Dissolve 1 gram of lead acetate in about 200 c. e.
of distilled water, adding & few drops of acetic acid to clear the solu-
tion; cvaporate 50 c. c. to dryness in a weighed platinum dish with
slight cxcess of pure sulphuric acid ; when dry, ignitc and weigh.
The increase of weight is lead sulphate, from which the quantity of
lead in 50 c. c. of the solution, and thence the strength of the solution,
can be caleulated. Take then as much of this as corresponds to 0-100
grm. of lead und make up to a litre with distilled water. Each ¢. ¢.
of this solution ropresents 0-1 mgrm. of lead.

1 By starch and potassium jodide solution.
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sulphate is formed, cither immediately or aftor 24 hours’
rest. Four centigrams per litre will give an immediate
haze and a distinct precipitate.

190. The accuratc estimation of the acidulous radical is made by
evaporating a litre of the water to about one-tenth and precipitating
the barium sulphute as above, which is dricd, ignited and woighed.
The weight multiplied by 0'412 * represents the acid constitucnt of
sulphatos present. Tho soap-test also affords a convenient means of
estimation, using a solution of barium nitrate corresponding in strength
to the standard lime solution ; that is to say, such that & litre corre-
sponds to 16° of hardness (171), 60 c. ¢. of this solution arc added to
an equal quantity of the water, the total hardness of which is known,
and after 24 hours the hardness of the mixturc is ascertained. If no
sulphuric acid is tpreaent, this hardness is equal to that of the original
water plus that of the barium solution ; if sulphuric acid is present, it
will have precipitated o proportionatc amount of barium and caused a
corresponding loss of hardness. This logs in degrees, multiplied by
001374, gives the amount of sulphion in grams per litre.t

191. There is no reason to supposo that silicic acid is of any
importance from a sanitary point of view., The incinerated residue of
a known quantity of water, treated with hydrochloric acid, evaporated
to dryness, repcatedly washed with hot water, dried and weighed, may
bo taken as 351(,:& and multiplied by 1:2666% to give the acid eloment
of silicates.

192. Waters not unfrequently contain phosphates inm
solution and, as these may have been derived from sewage
or from animal remains as well as from harmless minerals
in the soil, it is desirable to ascertain whether phosphoric
acid is present. As in any case the quantity is small, the
water must be highly concentrated before the test 1s
applied. Add a few drops of dilute nitric acid, some strong
solution of ammonium molybdate, boil. If phosphoric
acid is present 4 yellow color and subsequently a yellow
precipitate are produced by the formation of ammonium
phosphoric molybdate, the amount of which indicates the
quantity of phosphates present. Or, the phosphoric acid
may be precipitated as ammonium magnesinm phosphate by

* 233 (Ba 80,): 96 (80,) : : a (weight of barium sulphals) : &
(weight of sulphion). erefore, ® = a X 0412,

+ 1° represents 000373566 grm. of barium nitrate ;: or 0-01661 grm,
of barium, because 261 (Bap NO,) : 137 (Ba) :: 0087356 : 0-01961.
Each atom of bariim combines with & molocule of sulphion, and 137
(Ba) : 96 (80,) :  0-01961 : 0:01374.

60 (8i0),) : 76 (8i0,) : : a (weight of silica) : w (weight of acidulous
ical.) Therefore, » = a X 1:26666.
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adding to the concentrated water, filtered, some magnesium
sulphate and ammonia in solution.

193. The estimation of phosphoric acid is oceasionally necessary,
and may bo made us follows :— First, prepare a solution of ammonium
molybdate by dissolving 10 grams in 40 c¢. ¢. of liquor ammoniz of
8p. gr. 0'960, with the aid of heat, and adding it to a mixture of
120 c. c. of nitric acid with 40 c. c. of distilled water ; keep the whole
at 40° C. for nine hours, allow time for subsidence and draw off the
clear liguid. Treat the solid residue of one or two litres of the water,
evaporated to dryness in a poreelain dish, with dilute nitric acid and
filter (to remove silicic acid). Add about 40 parts of molybdic acid
in the molybdate solution for one part of phosghoric acid supposed to
be present in the acid solution prepared from the water ; stir, without
touching the sides; set aside for 12 hours in a temperature not
excecding 40° C.  Remove some of the clear liquid, mix with equal
volumo of molybdate solution, let stand for some time at 40°. If
procipitate falls return the portion thus tested to the rest; add more
molybdate ; leave for 12 hours more and test again. When precipi-
tation is complete collect carefully on small filter, washing out the
beaker with the filtrate ; wush with molybdate solution and water in
equal parts, dropped on in small quantities. Dissolve precipitate on
filter in ammonia. Add a clear mixture of magnesium sulphate,
ammonium chloride and ammonia until its odor is strong; leave for
24 hours, collect precipitate and wash with weak solution of ammonia,
(one part of ordinary solution to three of water), until the washings
are free from chlorine, Dry, ignite, weigh resulting megnesium
pyrophosphate ; the weight of which multiplied by 0-4268¢% is tho
quantity of phosphoric radical present in the evaporated water.

194. The combined carbonic acid is estimated by means of hydro-
chloric acid of known strength, prepared thus. 100 c. c. of acid are
diluted to a litre, and the chlorine in 20 c. c. of the dilution, further
diluted with 40 ¢. c. of water is precipitated by silver nitrate. The
chloride is washed carefully by decantation, dried at 176°C. and weighed.
The weight multiplied by 0-01272t is the weiiht of hydrochloric acid
in each c. c. of the dilution. To 500 c. ¢. of the water, evaporated to
100 c¢. ¢. (not filtered) and colored with solution of litmus, the dilute
acid is added until the color changes to red; the carbonic acid set
free is expelled by boiling and more hydrochloric added, if necessary
to restore the color. Multiply the numbar of c. c. of dilute acid used
by 0-01272 and the product by 0:822} ; the result will be weight of
carbonic acid radical in half a litre.

* 222:6 (Mg, P,0,):95 (PO,): : a(weight of pyrophosphate) L'z
(weight of phosphoric radical) ; therefore, # = a X 0-4268.

t 1435 (AgCly: 36'5 (HCI)::a (weight of silver chloridc): o
(weight of hydrochloric acid in one.fiftieth of original dilution). ..z
=a X 026435 and 60 ¢ = a X 12'7176, and each c. c. contains
X 001272 grm.

1 Each molecule of carbonate (e.g., CaCO,) requires two molecules
of HCI to convert to chloride (CaClg). 73 (2HCL) : 60(CO5): : 1;
0-832, )
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195. Having determined as accurately as possible the amounts of
basylous and acid radicals in one litre of water, ench weight is divided
by the chemical equivalent of the substance it represents, in order to
ascertuin the relative number of atoms and their manner of combination
amongst thumsclves, The attempt is generally first made by suppos-
ing the chlorine to be combined with tho sodium ; if the latter is
insufficient, with the magnesium ; and, if there is still excess, with the
calcium, If godium is present in greater quantity than will combine
with the chlorine it is calculated with sulphuric acid. This acid (or
the remainder of it) is taken as combined with calcium. The rest of
tho calesum and magnesiuin is calculated as carbonates.

196. The collection of water for examination requires
great care and the duty should never be entrusted to an
ordinary servant. The bottles should be cleaned first with
a solution of a caustic alkali, next washed with hot water,
and then treated with strong sulphuric acid. Before
being filled they should be rinsed with the water to be
examined. Stoppered bottles are to be preferred ; and, if
corks are used, they should be new and clean. Taps
should be allowed to run for a little time bofore the sample
is taken,

197, The examination of water for hygienic purposes
admits of division into three degrees of accuracy. The
cursory or preliminary examination, which may be made
in half an hour, and the materials for which can be kept
always at hand, includes the color, taste, odor and clearncss
of tge water ; the organic matter estimated by boiling
with gold terchloride; the putrescent matter tested by
potassium permanganate; the chlorine by silver nitrate ;
and the calcium by ammonium oxalate. Secondly, what
may be termed a qualitative analysis will require at lcast
24 hours, about féur litres of water and certain chemical
apparatus, It includes the physical examination; the
determination quantitatively of total and volatile solids
(132, 133); of oxygen necessary for putrescent and
putrescible organic matter (141, 142); of hardness,
tetal, temporary and permanent (173); and of chlorine
(155). Calcium and magnesium are precipitated, the
carbonates separately (159) (166) from the other salts, and
the precipitates compared with those obtained from equal
quantities of a known water taken as a standard. Sul-
phuric acid is similarly estimated (190); and the presence
or absence of ammonia (126), nitrates (146) and iron (168)
ascertained. Such an examination as this is amply suffi-
cient for hygienic purposes in the great majority of cases,
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it noeds only simple and incxpensive apparatus (which
should be provided at every important station, military or
civil,) and it can be made by any ordinary medical officer.
Lastly, a complete analysis of water requires the accurate
determination of the quantity of each basylous and acidu-
lous radical, of free and albuminoid ammonia, of nitrogen
present in nitrites and nitrates, and of oxygen necessary for
oxidizable matter. It is highly desirable that our Indian
waters should be thus examined with a view to fixing if
possible, by comparison of sanitary condition with the
composition of drinking water, a standard of purity for
the country ; but the task demands skilful chemists and
costly materials, and is sccondary in importance to a less
ambitious examination, such as has been indicated above
and such as can be made by any sanitary officer.*

198. The means available for the purification of water
have been, for the most part, alrcady mentioned in con-
nexion with the foreign substances to which they are respec-
tively applicable. It may be well, however, to reeapitulate
them hcere and particularizo their effocts. Distillation
removes all impurities, except someof the guases, as
ammonia. Doiling precipitates carbonates held in solution
by carbonic acid, expels gascs, kills vegetable and auimal
organisms, breaks up some animal poisons, and probably
removes part of the putrescent organic matter. Free
exposure to aiv hy agitation or by division into narrow
streams promotes oxidation of organic matter, removes
offensive organic vapors and sulphuretted hydrogen, and
increases aération. Alwm (six grains to a gallon) or the
alnuminum sulphate (Bird’s Fluid, 20 drops to a gallon)
precipitates suspended matters, acting more efficiently in
hard waters. Lime, in substance or in solution, removes
free carbonic acid, thereby precipitating the carbonates
which it held in solution and which carry down with them
suspended matters. Lime also acts beneficially on dissolved
organic impurity. The permanganates yield oxygen to

¢ The report on potable waters in use in the office of the Chemical
Examiner, Mudras, includes ;—1, total solids; 2, volatile solids ; 3,
sodium chloride ; 4, total hardness; 5, permanent bardness ; 6, free
ammonia ; 7, albuminoid ammonia ; 8, nitric acid ; with ¢ remarks’”
on physicul properties, deposits, and animal and vegetable organisms.
Nos. 1, 2, 3, are stated in grams per litre; Nos. 4, 5, in degrees of
Clark’s Scale ; Nos. 6, 7, 8, in milli per litre,
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oxidizable substances of every kind, as putrescent matter
and sulphuretted hydrogen. Their good effect is increased
(as we have scen) by heat. If the manganic oxide precipi-
tated be considerable, it will carry down suspended matters.
The fruit of the Strychnos potutorum clears turbid waters,
but has no action on dissolved impurities. Iron, metallic
or oxidized, is supposed to dccompose organic matter.
Astringent vegetables, as kino, bitter almonds, and especially
tea, purify water containing organic matters in suspension,
as turbid river water. Charcoal immersed in fragments or
applied by charring the inner surfaces of casks is a power-
ful purifier of water containing organic matters ; but care
must be taken to renew its efficacy from time to time by
heat or exposure to air, or by recharring the casks. Finally
filtration may be made to combino the advantages of
these methods with benefits peculiar to itself.

199. The effects of filtration are threefold. Suspended
matters arc retained in the interstices of the porous
material of which filters are composed ; dissolved inorganic
matter is similarly, though to a less oxtent, separated ;
and oxidizable organic matter, suspended or dissolved, is
oxidized, either by oxygen stored in the filboring material or
by such substances as alkaline permanganates added to it.
On the large scale, the water-supply of towns or extensive
buildings is, after the subsidence og the coarser suspended
impurities in settling reservoirs, admitted to filtering beds
composed of about two feet of sharp sand with three feet
of underlying gravel increasing in coarseness towards the
bottom.* The rate at which water passes throngh such &
filter depends upod the pressure, and this upon the depth of
the water in the bed, which is usunally about two feet. In
general the discharge may be estimated at 70 gallons in
24 hours for each square foot of filtering surface. Finely
divided clay will pass through such a filter, but most
suspended matters will be rotained. The amount of
dissolved mineral matters will be considerably diminished
in proportion to the thickness of the layer of sand, which
also promotes oxidation of organic impuritied. It must be

* Such a filter has been found to lesson impurities to the following
extent, expressed in grains per gallon :—total solids, 7-063 ; volatile
solids, 2-360 ; oxygen required with permanganate, 0:1546 (nearly
one-half) ; chlorine, 0-6 ; free ammonia, 0°0042 ; albuminoid, 0-0126.
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remembered that tbe more efficient a filtering bed is, the
more rapidly will its interstices become clogged and its
power of purification lessened or destroyed ; and especially
that dissolved matters at first removed will, at a certain
point, begin to be restored to the outflowing water. This
should, therefore, be examined from timeto time, and the
sand removed and cleaned when necessary. It follows that
two filtering beds should always be provided, in order to
admit of periodical cleansing.

200. Water uged for drinking and cooking needs to be
further submitted to domestic filtration, and various sub-
stances are employed as filtering material. All of course
are porous and act mechanically ; some act chemically
beaiges. Porous sandstone, sponge, flannel or wool may be
considered to have only mechanical effect apon the perco-
lating water, though it is possible that, to some slight
extent, they promote oxidation also. Charcoal, animal or
vegetable, (by itself or mixed with fine sand), hematite,
magnetic oxide, magnetic carbide, manganic oxide are the
principal materials, whose action is chemical : and of these
animal charcoal is tho best ; slow filtration through four
inches of which in coarse powder will remove all organic
matter. Itshould be freed from the calcium salts of the
bones from which it is prepared, by dilute hydrochloric
acid and careful washing, and compressed into small bulk.
After being some time in nse it must be cleaned by passing
solution of potassinm permanganate through it, or by free
exposure to air. Vegctable and peat charcoal are inferior
in purifying power to animal. Next in value is the substance
called “ magnetic carbide,” (prepared by heating hematite
with saw-dust), which, however, imparts a slightly chaly-
beate taste to the water; and either is capable of
removing & minimum of 40 per cent..of dissolved organic
matter, while diminishing nitrites, ammonia and hardness.
“ Silicated carbon’ frees water highly contaminated
with organic matter from ammonia, free and albuminoid.
As in the case of filter-beds, occasional examination is
necossary in order to ascertain whether use is impairing
the efficiency of the filter. The filtering substance requires
to be cleaned from time to time, either by removal, wash-
ing and exposure to air snd sun.light or heat, or by passing
through it six ounces of a solution of potassinm perman-
ganate (20 grains to a quart of distilled water with 10 minims
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of sulphuric acid), and subsequently two drams of hydro-
chloricacid diluted with three gallons of pure water. After
about three gallons of distilled or rain water have passed
through the filter, it will again be fit for use. Several
rough methods of filtration, usefal on marches or other
journeys, have been suggested. Thus a cask charred inside
aud having its bottom bored with small holes may be sunk
in o tarbid stream or tank. Or two casks may be used,
one placed inside the other, and the interspace filled with
gravel, sand and charcoal ; the outer one bored below, the
inner having a row of holes near its npper edge. Ora tub
with holes at the bottom may have clean chopped straw
tightly pressed into it, through which the water rising is
filtered.

201. The sources of water-supply are ;— Rain collected
in tanks or other reservoirs, Wells, Springs, Rivers and
Distillation,

202. Rain water is wholesome by its purity and agree-
able because highly aérated, containing from 3 to 30 ¢. c.
of gasin a litre. The proportion of oxygen in the mixed
gases is higher than in atmospheric air, amounting to
32—38 per cent. Carbonic acid contributes 2'5 to 3 per
cent. Other substances are met in the atmosphero and
dissolved or carried down mechanically, Thus ammonium
carbonate and nitrate (the latter more especially during
thunderstorms), phosphoric acid, hydrochloric acid (near
the sca), sulphuretted hydrogen or soluble sulphides, frec
ammonia, sodium chloride (sometimes even as much as 2
centigrams in a litre) traces of potassium and celciam
chlorides, calcinm darbonate (as much as 7 milligrams) and
calcium sulphate (as much as5), may be found in solution
in rain water directly collected. Iron, alumina, silica,
particles of carbon, light organic substances (as pollen) are
found in suspension. Traces of nitrogenous organic matter
dexived partly from the atmosphere, partly probably from
the surface on which the rain falls, are almost always
present, and have been known to amount even to 8 milli-
grams per litre. Silver nitrate turns water, thus contain.
ing orgunic matter, red ; metallic silver being precipitated.
The total solids of rain water may be taken at a mean of 32
mijligrams per litre, the greatest quantity observed having
been 00509 grm. The impurities of most importance are
amwmonis, free and albuminoid, and sulphuric acid, the
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last being somctimes styled a “ measure of the sewage of
the air.” ¥ree ammonia has been found to range from
0180 to 91 mgrms. per litre ; albuminoid from 0-034 to
04 ; sulphuric acid from 2'06 to 70'19.

203. Besides the impurities which rain water derives
from the atmosphere through which it passes, it necessarily
takes up others, and in larger quantity, from the receiving
surface on which it falls. When this is a roof—a flat one
more especially—dust, orgsnic and inorganic, excreta of
birds, bones and foathers, dead insects &c. contribute to
the impurity of the supply. When the source of supply is
a tank filled by surface drainage, all the impurities of the
drainage ares will, of course, be liable to be present in the
water ; and in this case rain water is no purer or better
than the water of shallow wells. In the former case tho
degree of pollution is insignificaut, and the probability of
the germs or poisons of specific diseases finding their way
into tho system through the drinking water is reduced
almost to & minimum. It is desirable, therefore, that this
source of water-supply should be taken advantage of as
much as possible, and that means should be adopted for
the collection of all rain falling on the roofs of barracks,
jails and other large buildings. Filtration through an
oxidizing medium is still necessary before nse.

204. Knowing the annual rainfall at any place and the
area of the collecting surface, the quantity of water
obtainable from rain is calculated. The area in square feet
multiplied by 144 is the area in square inches, the product
of which by the rainfall irn inches is the number of cubic
inches of rain falling upon the given surface in a year. This
figure multiplied by 0-00361 gives the quantity in gallons.*
1f the receiving surface is a sloping roof, the area is the
space covered by it, ¢.e., the area of the bnilding measured
outside, and allowing for any additional surface afforded by
projecting eaves. For a roof surface the calculation of rain-
supply is easy, because the whole can be collected ; but of
the rain which falls upon the ground, some ginks and some
evaporates ; the proportion thus lost varying with eoil
and climate from one-half to seven-eighths.

* There are 1,728 cubic inches in 6-2355 gallons of pure water at
15%. 6:2355 == 1,728 = 0'008609. One inch of rain on a square
yard gives 4679 gallous, bucause 9 X 144 X 0.00361 = 4°67856.
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205. The supply should be estimated at the average,
or at the minimum, rainfall of as many years as possible
at the place itself. Observations made at a distance of
even & few miles may be worthless as the foundation of
an estimate.

206. The composition of well water depends npon the
strata through which a well is sunk, the condition of the
neighbouring surface and the measures taken to preserve
the water from contamination. That portion of the rain
which sinks into the ground percolates into wells, dissolv-
ing the soluble matters with which it meets in its course,
aided, as we have seen, by carbonic acid derived from the
soil. Thespace thus drained by any well, and consequently
the supply of impurities on which it draws, varies with
its depth and the nature of the soil. Thus if the soil is
very loose a well of 80 to 100 feet in depth may drain a
cone whose apex is at the bottom of the well, and whose
bascis & circle of 50 feet radins. A well may be considered
sccure from pollution situated external to a cone of half a
mile radins, whatever be its depth or the looseness of its
soil ; but it is not possible to lay down precise rules on
this point. Sea-water will penetrate through considerable
distances unless impermeable clay or rock protect the well.
Cess-pools, sewers, pools of stagnant water may contam-
inate wells with organic matters in solution and even in
suspension, if sitnated within the drainage-cone. So also
excrementitious and other refuse substances lying on the
surface of the ground will contribute organic impurities to
the soil and thence to the well water. It is true that the
soil at first acts pewerfully as a filter, intercepting most
of the suspended impurities and those most likely to be
igjurious to health ; but the purifying effect necessarily
diminishes in time, and may even be reversed when the
soil becomes saturated with filth carried in from the sarface
by percolating water.

207. Besides the impurities to which the water of wells is
liable, derived through the soil in which they are sunk,
they may receive foreign substances directly through their
mouths. Surface floods may wash into them every kind of
impurity, organpic and inorganic ; animals may fall in;
persons suffering from painful diseases not unfrequently
choose throwing themselves into a well as a convenient
mode of suicide; the wind will blow in dust, leaves &c.;
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foul vessels will be used for drawing water; dirty people
may wash themsclves at the edge.

208. The purity and wholesomeness of well water
depond, therefore, on the position and protection of the well.
Wellssunk in granite, metamorphic rock or basalt generally
yicld pure water; in most cases, however, sand, gravel or
alluvinm is the material through which the water perco-
lates; the last of which is the least desirable. Choice of
soil in which to dig a well is rarely afforded, and, in general,
it is only possible to preserve wells already existing from
avoidable pollution and to select for use those which are
free from obvious external sources of impurity, Thus the
neighborhood of burial-grounds, ecess-pools, sewers or
ill-constructed surface-drains, nullahs (invariably used as
latrines), tanneries and slanghter-houses, unclean dwellings,
stagnant surface pools or tanks in which human beings
or animals habitnally bathe or clothes are washed, fields
which are frecly manured, should be avoided in choosing
a well for domestic use. The surface around, within the
drainage area, should be kept free from animal and
vegetable refuse, and should be carefully drained, so as to
afford no lodgment to water. The mouth of the well
should be protected by a parapet, and an impermeable
platform sloping from its base and provided with a
drain, so that spilled water may not return to the well.
Should cattle be used for drawing the water, the path in
which they travel must be drained and kept clean. The
well shounld be covered with a shed as low as is compatible
with convenience in drawing water, and the aperture
should be restricted by the same limit; indeed, it is
desirable that wells of average depth should be completely
covered in and their water drawn by a pump. When a
bucket is used, wood or galvanized iron is preferable to
leather ; and no private vessel should be employed, becanse
there can be no security for its freedom from dirt, and it
is at least possible that cholera and other diseases are
thus disseminated. The vessel for general use should be
examined frequently, and cleaned when necessary. Lastly,
a well which has been long disused should, if required for
use, be emptied, cleaned, allowed to refill, and the fresh
water left long enough to deposit suspended matters.

209. The quantity of water which a well may be expected
to supply at any given season is ascertained by emptying
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it completely or partially, measuring the water withdrawn
and observing the time required for its replacement. From
these two data the yield in 24 hours ia easily calculated.
If a cask be nséd for measurement, its contents in gallons
may be estimated as = 26 (A".25 + b%.89 + bk.26) X
0-:000031473L : where h == least and b= greatest width,
and ! == length, in inches. Should the only available
measurs be a part of & cask or a tub, the contents in
gallons of each 10 inches are the quotient of the square of
the mesn diameter of those 10 inches by 85304, The
mean diameter of the lowest 10 inches (for example) will
be half the sum of the diameters at 5 and at 15 inches from
the bottom. These methods are only approximative but
rigid accuracy is obviously unnecessary in the case. It is
scarcely necessary to add that the estimate is valuable only
for the particolar season at which it was made ; most wells
diminishing their yield and some failing altogether in the
rainless months.

210. Springs are supplied immediately by subterraneous
reservoirs which are themselves dependent upon the rain
percolating through the strata over(liy'in and surrounding
them. The water which they yield is linble to the samo
kind of impurities as that of wells, though generally in a
less degree; and most of the precautions and protection
which the latter require are in many cases applicable to
springs. From the time which is required for filling a
vessel of known capacity from a spring its yield is
calculated. The yield of a spring or of & small stream
often varies at different hours of the day; and determina.
tions should, thepefore, be made at several different times.
The probability of ﬁermanenoe is a question of great
importance on which a geological examination of the
country will sometimes throw light. Springs rising at the
foot: of hills will probably yield & continuons supply. In

lains they will generally fail in the dry months. In
rhnestone digtriots natural reservoirs are formed by solu.
tion of the rock, whioh hold large quantities of water and
supply perennial springs. Large masaes of very permsublo
sandstone or other rock sometimes yield permanent springs
and streams to districts on & lower level. :

211, A stream or small river occasionally supplies water
to & town or camp. In addition to the ordinary impurities

. of the springs which fow into it & stream is liable to pollu-
. 8]
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tion by surface drainage, dead organic matter, fiecal impuri-
ties washed in by floods, and suspended clay &o. from the
same source. The supply is precarious, the smaller streams,
as a rule, drying up in the hot season (though water may
always be found by digging in their beds). The beds when
thus dry are liable to much poliution with organic and
noxious material, which subsequently is taken up by the
water. It is obvious, therefore, that a stream, especially
if villages are sitnated on its banks above the position, s
in general a most objectionable source of water-supply, and
one indicating careful filtration or boiling as essential.®
It occasionally happens that troops marching through an
uninhabited or thinly-peopled country may find in a stream
a convenient and wholesome supply. In such a case
precaantions should be taken to preserve it from being fouled
by the cattle of the camp or by washing clothes or persons
in it at any points above the most convenient part for
obtaining water for drinking and cooking. The spot best
suited for this purpose having been selected, another for
watering cattle, lower down the stream, should be chosen,
and a third, below this, for washing of every kind.

212, It is sometimes useful to ascertain the quantity of water
which a small stream may be depended on to supply. This i calen-
Inted in the following manner :—Choose or make a straight length of
as many feet as possible in the course of the streem. If the breadth
and depth of this part of the channel are not uniform, measure them
in several different places and take the mean of the products for the
sectional area (3. ark with two stones a distance of 150 to 200
foet at least, and note the time which a piece of wood about 4 inches
square and } inch thick, put into the middle of the stream above the
upper mark, takes to reach the lower one. Thisobservation gives the
surface velocity ; and this, multiplied by 08 (for small streams, 0'9
for rivers), is the mean velocity (V). Then D=a ¥, D being the
discharge of water sought.t It may be more convenient to calculate
by means of a sluice-gate through which the stream is made to pass.
Here D=a 5 4/ 4 ; a being the avea of the opening through which
the water passes, and A the height of the watergevel above the sluice
from the centre of the aperture.

213. Many populations are dependent npon rivers for
their water-supply. In this country the periodical rains and

¢ Water from jungle streams, though clear and apparently pure, is
often the vehicle %f malaria. ’

t For axample, let surface velocity be §0 feet per minute. 7 ==60X
0°8:=40 feet per minute. Lot meay depth be 15 foot, mean breadth
2 feet ; mean sectional aren ==3 feot. 2= 40 X 3 =2 120 cubio feet
per minute, which, multiplied by 6:23 = 7478 gallons per minwte.
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the habits of the people often render this source of supply
highly unsatisfactory. In'time of flood rivers bring down
suspended clay, sand &c. in large quantitios, besides the
washings of their beds, fouled with every impurity daring
the dry season, and of the nullahs which open into them.
Dead bodies are often thrown into rivers, and the sewage of
towns and draipage from tanneries, slaughter-houses, dye-
works &c. are conducted into them. On the other hand
the impurities are largely diluted, while the continual
cxposure of fresh surfaces to the air promotes the oxidation
of putrescent organic matter and the deposition of carbon-
ates held in solution by carbonic acid. It is evident that
water taken directly from rivers, especially in time of
flood, should be caregully filtered before use; or, if this be
impracticable, it should be boiled either by itself or with
tea leaves.

214. Not only the quantity of the water derived from
the sources already considered, but also its quality, varies
widely with the season, and this point has to be considered
in judging of the fitness of a tank, well, sprin, or
river for supplying particular wants. In weather
evaporation concentrates water, increasing the proportion
of solid impurities, and the accompanying heat favors

utrefaction of organic matters. Inquiries should always
instituted as to the permanence of a source of water-
supply ; analyses should, if possible, be made at two or
three different periods in the year, and if one only can be
made, the season and its probable effect upon the water
should be considered and allowed for.

215. At sea ahd in coast towns where the rainfall is
scanty and precarious, (asat Aden), distilled water is often
used. Steam veasels generally carry apparatns for the
distillation of sea water or for condensing steam from their
engine-boilers ; but in case of failure of fresh water on
bpard & sailing vessel any means of heating salt water and
oondensing the vapor will afford a supply. The steam may
be collected on a metallic surface, or on an earthen dish,
changed when it becomes heated ; or may be received in
a clean woollen cloth, wrang out from time to time ea it
becomes saturated. Water thua oblained is insipid and

indigestible, owing to- absence of sbration. This
issdvantage is obviated by exposing it to air in divided
stroams. It may contain sodium chlorideghbut not to any
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considerable degree. Magnesium chloride volatilized and
decomposed may contribute bydrochloric acid, which
should be neutralized by a little sodium carbonate.

216. The QUANTITY of water necessary, directly or indi.
rectly, to health is next to be considered under the heads
of food, washing and sewerage. This division is convenient,
because different qualities of water are applicable to the
different uses. It is, of course, desirable that the supply
should be unlimited, but this is in many cases impossible
and the minima compatible with health should be known.
The manner in which the supply is obtained has a great
effect upon the quantity used. water has to be drawn
from deep wells or even pumped up by members of the
household, much less will be considered necessary for
health and comfort. If the supply is constant and requires
only the turning of a tap, there will be great waste, and
the quantity consumed will far exceed the quantity really
required. Except on boardship it rarely happens that an
attempt is made to distribute to each individual or to each
family thetheoretical ration.

217. The water required for food is partly drunk and
partly used for cooking. TUnder ordinary circumstances of
temperature and exertion 0'4 gallon will be sufficient for
the former purpose for a man in 24 hours. More will be
reguired if the heat is great, or the exertion undergone
severe. As womeh and children drink absolutely less than
men, this allowance will be sufficient when supplied for
each of the residents of a barrack, jail or town, or the
members of a housshold of average composition. For
cooking 0'6 gallon will generally be a sufficient allowance,
wmaking the total for food one gallon daily for each indivi-
dual, ang this is the quantity found necessary on boardship
in the tropical seas. As & general rule, the same water
will be supplied for the two food purposes, but a difference
may sometimes be compulsory. In this case it is to he
remembered thut saline waters unfit to drink may be freocly
used for cooking ; and, on the other hund, that water of
considerable temporary hardness may be palatable and
wholesome to drink but unsuited to culinary use.

218. Provision has to be made for eattle also, both for
their drink and'for the préparation of their food. The
guantity required for the former will vary, as in the case
of ‘men, with®emperature and work; but the following
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nuambers may be taken as applicable to ordinary circum-
stances in this country :—

Horse ... ... 8 gallons.
Ballock or cow . ... 8 do.
Mule ... .. 6 do.
Pony ... . 6 do,
Elephant ore . 30 do.
Camel e ... 12 do.
Sheep . 1 do.
Pig ... . 1 do.

219. Unless water of the best guality is scarce, it shounld
be supplied to cattle for their drink. When they are fed
on chenna which requires only steeping in cold water for
its preparation, or when khult: is used without boiling, a

Hon of water may be allowed for four “ measures * of the

0od ; when boiling is considered necessary, the allowance

should be two gallons. As regards the quality of the water
used for this purpose, the same remarks apply as in the
case of preparing human food.

220. Washing of persons and cattle, clothing, houses,
furniture and utensils is of very great importance to
health, and ample provision shonld ﬁa made for it. For
bathing the quantity needed varies considerably, a bath- *
tub requiring at least 30 gallons for comfort and often
containing more than 50, while 12 gallong poared over the
body from chatties affords & bath considered a.mp_lg suffi-
cient by many persons, and 4 gallons are enough for a
sponge-bath. A plunge-bath measuring 20 feet by 12 by .
5 holds 7,500 galons of water, and if supplied continuounsly,
80 that it shonld receive in two, or even in three days that
amount of fresh water (entering above at one end and
issuing below at the other), will provide ample means of
ablution for a regiment, or the inmates of a large jail. In
this ocountry, where a complete bath daily is babitually
taken and is necessary to health, provision for minor abla-
tions may be considered ae included in the estimate for
baths. e guality of bath water is eomparatively of
little importance. It should not be muddy; and if it is
too salt or too hard scap will be wasted. Water from
stagnant and muddy tanks may contain the ova of guinea-
worms. In somse rare cases, water produces urticaria or
other cutaneous eruptions, but they are exceptional and
need no further notice.
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221. If it be necessary to make provision for the washing
of other animals (to whose health and efficiency a clean
skin is scarcely less essential than it is to their owners’)
two gallons should be allowed for a horse, bullock, cow
or buffalo, and corresponding quantities for others in
proportion to their size.

222. The customs of the country relieve ue from the
necessity of providing water for the washing of clothing,
for whieh dhobies may invariably be trusted to make their
own arrangements. As regards dwellings, floors of earth
or plaster will not admit of washing; and walls, nnless
finished with polished chunam, are cleaned by sweeping or
by a fresh coat of lime-wash. An allowance of two gallons
per head will be ample for the maintenance of houses, jails
or barracks in a state of proper cleanliness. For utensils
three gallons will be sufficient.

223. It is apparent from the foregoing paragraphs that
the total quantity of water necessary for a community
varies within very wide limits accordinf to circnmstances,
It is useless, therefore, to attempt to lay down precisely
any general rule. The figures given above afford the means
, of estimating total uirements in any particular case.

The minimum under ordinary circumstances may be taken
at 12 gallons daily per head for personal and domestic use,
withont baths ; with baths and perfect cleanliness in othey
respects, 16 gallons, with no waste or expenditure in water.
closets or latrines. When the supply is very small the
- minimum should never fall below 4 gallons per head.®

224. Hitherto the wantsof persons in ordinary health
have been considered. Hospitals require a much more
oopions water-supp:{, in proportion to their number of
inmates, than other dwellings. More water is drunk, more
liquid food is coneumed, baths are more frequent and more
abundant, the boiling of olothing and bedding before sendi
them to be washed is often desirable, extreme cleanliness
floors, walls, cots and utensils of all kinds is eesemtial,
irrigation and: washing of wounds, brnisea &c. consume o
large amount of water. Thesupply to.s hospitel, therefore,
should, if pomible, be unlimited and wasto is & less evil

F

 Tha War Office allowanos fs 15 gallons daly for each men with -
children, :

9o extrs supply for women or 3
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than even trifling defloiency. Should the total supply be
limited, economy should be practised at the expense of the
healthy, and the hospital amply provided. If it should be
‘ necessa.x('iy to make an estimate for hospital use, 30 gallons
“per head will not be excessive for drinking, eooking, bath-
ing and washing.

225. The quantity of water which shounld daily pass
through sewers, in order to maintain their cleanliness,
cannot be fixed : 80 much depends on their fall and shape
and on the materials which are permitted to enter them.
When solid and liguid excreta have to be removed by them,

i & minimum of 25 gallons per head daily (besides rain) has
been laid down ; but this is a case with which we are not
likely to be called upon to deal. As s rule, pur sewers will
contain only the hiquid refuse of the cook-rooms, the
washings of houses and utensils, and the water which has
been used for bathing; and the last will generally be
sufficient, with ordinarily well-constructed sewerage, to
dilute and remove the others. Sewers will reqnire
watching to ensure their freedom from obstruction and

, from oonsequent generation of noxious or unpleasant gases ;
and flushing copiously with water of any kind will be the
remedy, when they become foul. The best test of the
satisfactory state of sewers is not the quantity of liquid
which they receive, but the quality of the discharge at
their ont-fnll. When this is scanty, semi-solid or offensive,
free flushing is indicated. .

226. The effects of insufficient supply of water are
closely connected with those of impure supply, and also with
those of & pollfted atmosphere. Absolute privation of
water for drisking needs not be considered here ; partial
privation is productive of so much inconvenience or
suffering that any kind of water will be drnnk—even from
the fonlest pools—to satisfy thirat. Not only, however,
dogs this indirect evil oonsequence follow from want of
drink, bat also great muscalar debility, with disinclination

" to, and incapacity for, exertion result. It follows that a
constant supply of the best drinking-water available ia
essential to the efficient performance of-ik
kind,undt«ha;forao]dieummrchori
at work, or for prisoners undgrgoing
water should alwags be at hand to compeisiia’he loss by
lungs and skin. Water shonld be, nndér such oigonm-
stances, not proonrabile merely, but obtainable oliveniently
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at any moment, 80 that the necdful supply may be taken
in small quantities from time to time, not in copious
draughts at once. When water for cooking is insufficient,
the processes necessary to the digestibility of food will be
unsatisfactorily performed ; or the same water used more
than once will be more liable to putrefactive changes and
consequently more likely to act injuriously both through
stomach and lungs than if it were used once only and then
removed. It is unnecessary to dwell upon the necessity of
cleanliness to health. Insufficiency of water for personal
ablution is incompatible with the due action of the skin
which, in hot climates more especially, is of vital importance,
and skin diseases as well as a generally depressed state
of health will inevitably follow; while the atmosphere is

lluted by efluvia, in great part organic, from unwashed or
1mperfectly washed clothes, furniture and ntensils. ILastly,
if the water-supply is insufficient for other purposes, it
must be altogetber inadequate to the free removal of refuse
by the sewers. If these are intended to convey not only
water which has been used but also excreta, the propaga.
tion of enteric fever, cholera and other diseases, and
possibly the origination of the first and others, will be
favored by the clogging of the sewers and the drying of
their contents. In ordinary cases the air will be poisoned
by noxious gases and organic efffuvia generated in un.
cleared sewers,

227. In the great majority of cases the water-sugply
is derived from wells, of which as regards sToRAGE nothing
need be said. Bometimes open fanks, supplied by rainfall
or surface-drainage or from rivers, yield the necessary
supply. In this case the drainage area must be kept as
clean as possible; washing of any kind should not be
perm.ittedpoisn water intended for domestic use; dead
animals and plants should be removed, while the presence
of living fishes, molluscs and vegetation, in moderate
smount, shonld be encouraged. The walls should be of
clay or rock or dry masonry ; or, if mortar be necessary, it
should be hydra.\:ﬁc. 8o a8 to give no lime to the water.
Evaporation at & given temperature being rapid in propor-
tion to surface, this should be as small and depth as great
88 possible.® In places where the annual rainfall is low,

® Loss by evaporation has been known to smount in Caloutta to
9} inches iV Bourn,
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and consoquently water is scarce, subterranean reservoirs
may with great advantage be constructed for the storage
of rain water falling on the roofs of large buildings. Such
receptacles shounld be built of stone or well-burnt brick,
set in hydraulic mortar and lined with portland or other
suitable cement ; they should be dark, but well-ventilated, .
deep rather than wide, and capacious in proportion to the
maximum rainfall. There should be no possibility of
pollution by percolation from drain, sewer or cess-pool.
The rain should not enter directly from the roof, but should
be received in a shallow, carefully lined well, having two
or three feet of sand and gravel through which the water
passes on its way to the reservoir; and a second filtration
by ascent may beneficially be interposed before the latter
is reached. The filtering-well should be covered in; and
the filters renewed before the setting in of each rainy
season. Finally, whenever a reservoir becomes empty, it
should be thoroughly cleansed. Oisterns are used with
great advantage for storing smaller quantities of water for
domestic use. These are best made of good zinc or galvan-
ized irom, it being remembered that zinc not unfrequently
containg lead.* %ead itself is often used for this purpose;
and the conditions under which no harm may be expected
to result have been already considered (185). Cisterns
should be emptied periodically and carefully cleansed ;
they should be covered in, and the pipe which conveys
away overflowing water from them should never into
& sewer or closed drain, lest-offensive gases shouId‘a.scend
and be absorbed by the water) ; but 1t should terminate
either in an openysurface-drain or at some distance above
the opening o¥ea. covered passage. As to the sufficiency
and sirength of a tank or other reservoir, its capacity in
oubic feet, multiplied by 6-23, gives its contents in gallons ;
and the weight of a cubic foot of water, and, therefore,
gg lél:essure on & square foot of surface, may be taken as

228. he pIsTRIBUTION of water is perfect when every
house and every storey of a house has & constant sapply
sufficient for every want. In hospitals snch a state of

"Water containing chlorides aots on sino itself, mdthemlﬁng
salf isnot precipitated by boiling. Oil-paint prepared with ochre or
asphalt, instead of lead, will protect from this action. .
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things should invariably exist; in other cascs more can
rarely be expected than that the needful quantity of water
shall be obtainable without such labor or inconvenience as
may diminish consumption. In villages, wells of 15 to 30
feet in depth generally abound, from which the women of
the poorer classes and the servants of the wealthier readily
draw sufficient water for household requirements. In large
towns the supply is often scantier and obtainable with
greater difficulty ; but municipalities will probably in sach
cases take measures to bring water from a distance by
closed or open aqueducts within easy reach of every house
- and available at all times, the last condition being
indispensable in a tropical climate. Barracks should have
a constant supply in or near every building, in spite of the
inevitable waste which the carelessness of the soldier and
of his attendants will be sure to cause. Water should be
raised by force-pumps from wells or reservoirs, every
morning or evening, to cisterns on the top of each
building, capable of holding 24 hours’ supply In jails
there appears to be no reason why the treadmill should
not be substituted for the nominal “hard labor” of the
present day and the force thus obtained applied to raising
water for all purposes to elevated cisterns. On the line of
march and in action the services of the puckally and the
Uheesty will always be required, and it will be long before
they can be dispensed with in the hospital and the barrack.*
Their water-vessels should be carefully examined at short
intervals. .

229, Aqueducts conveying water from a distance for
the pupply of towns should invariably be covered in a.l(::g
their entire course. Arched conduits carefully construo
and lined with hydranlic cement will be most suitable for
this purpose on the large scale; but in most cases iron
tubing will be the most convenient material. For subor-
dinate distribution also, iron pipes are, on the whole, the
best adapted : lead and zinc may sometimes be used with
safety, but they are better avoided.t When pressre from

* The water-foad of the former is about 27 gallons, of the latier 9.

+ Beveral patents for utilising lead in the distribution of water
bave boen taken out. In Hainew’, blook-tin s are enclosed in
. leaden ; in MoDougall's, the load is with bitumen ; in

Bchwartz's the lead is oconted with lead eulphide by boiling the
pipea for fifteen minutes in & solution of sodium sulpbide. -
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within or from without is not considerable and danger
of accidental fracture from other causes is absent, pipes
of glazed earthenware carefully joined are well suited to
the conveyance of water, The fall should not be less than
1 in 1,000; nor more than 1 in 800, unless the pipes are
cast-iron. Socket-joints are best, although they are liable
to leakage through changes of temperature. For the
same reason lead should not be used for closing the joints
(becanse the rates of expansion of it and of iron do not
correspond) where the range of temperature is consid-
orable.

2380. The indications of the presence of water and the
sEARCH for it may not improbably be points of great im-
portance to exploring or survey parties, to troops marching
in an unknown country or to officers selecting a site for a
camp or a station. In the first place, wells should be sunk
in permeable strata only, unless geological examination of
the country has shown that impermeable rocks overlie
permeable, and that the latter crop out, 80 as to receive the
rainfall or water from other sources. On this principle, on
the large scale, artesian wells are sunk to enormous depths
through impermeable rocks into underlying permeable and
water-bearing strata. Secondly, rivers apparently dry flow
subterraneously and water will almost always be found by
digging in their beds. Similarly, the dry courses of nullahs
are promising sites for wells, and more especially at the
point where two unite. Thirdly, greater abundance or
verdure of vegetation often indicates closer proximity of
water to the surface : and where there is no vegetation, as
on & sandy phain, fogs in the early morning give reason to
expect water at no great distance below. Fourthly, amongst
hills the loweat convenient part of a valley should be chosen,
and a spot which is nearer to the higher bounding hill:
and the junction of two valleys will be preferred. Lastly,
on the coast, the immediate neighbourhood of the sea
shotild be avoided, nnless an impermesble barrier of clay
or rock prevent the percolation of salt water.
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CHAPTER 1IV.
FOOD.

231. Every action of an animal’s body or mind involves
disorganization of tissne. The waste arising from this cense
and from the maintenance of the temperature of the body
at the standard of health, by processes of combustion on
the one hand and by evaporation from the surface on the
other, must be compensated by Foop. Food, therefore,
includes all aubstances capable of replacing wasted tissue,
of preventing or retarding waste or of aiding indirectly in
the processes of repair. The conditions essential to the
hygienic suitability of food are (1) that it should contain
all the elomentary substauces which the body itself includes,
(2) that these should be combined into certain forms
which experience has shown to be necessary to efficient
nutrition, (3) that the total quantity should be sufficient
for the wants of the body, according to varying circam-
stances of exertion, climate &c., (4) that the classes into
which science and experience have taught us to divide
aliments should be present in certain definite proportions
to each other, (5) that the articles of food should be of
such a nature and in such a state as to be sunited to the
digestive powers of the man or other animal to be fed, and
(6§e:hat the food or its mode of preparation or both shounld
be so varied as to ensure sufficient ingestion and effective
assimilation.

232. The important elements which enter into the
composition of the animal body are :—the organic gronp,

nitrogen, carbon, oxygen and hydrogen; ﬁ(l)bassium ‘and
: jum, caleinm and magnesium, iron, chlorine, phos-
phorus and sulphur.

283. Ttis unnecessary to consider oxygen and hydrogen
in detail, as provision for the due supply of the other two
organic elements will imply the presence of the former in
sufficient quantity. Both are E':sent in all foods derived
from the animal and vegetable kingdoms, and in water.
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234. Nitrogen onters into the composition of all struc-
tures of the body concerned in the generation of any kind
of force; it is, therefore, essential to the repair of nerves,
muscles, glands &e. The bile and othor digestive fluids
contain it, so that for their maintenance also it must be
supplied. The nitrogenous structures control the absorp-
tion of oxygen, its condensation, its application to the
oxidations necessary to life. The activity of these processes
is proportional to the size and vigor of the nitrogenous
organs ; withont which no oxidation or prodaction of
energy would be possible. Reduction of supply of nitrogen
below a certain point inevitably leads, more or less rapidly
in proportion to degree of diminution and amount of
reserve of nitrogen in the body, to imperfect performance
of the functions, to disease and decay. Increased energy
of fanction demands increased supply of nitrogen. This
element, therefore, is an essential constituent of the food
of the higher animals, and, as wo shall see, its presence
or absence is & most important point in the classification
of aliments.

235. Many physiologists have attempted to determine
by observation and experiment the quantity of nitrogen
necessary to health in different circumstances. The resuits
agree as closely as could have been expected, considering
the complexity of the problem; and the following numbers
may be taken as sufficiently aceurate for practical purposes.
The unavoidable internal work of the body of an adult
human being, that is, the movements necessary for respira.
tion, circulation and digestion, require & minimum of 138
grains of nitrogen in 24 hours for their maintenance. In
u state of idleness of mind and body the least amount
compatible withsealth may be stated as 200 grains for a
man and 180 for & woman ; anything below these quantities
being ‘starvation,’ especially if any work is to be done.®
In the ordinary circumstances of the soldier, the artisan,
the field-laborer and the prisoner in most of our jails, 300
grains will be a fair minimam, Very great physical
exertion will demand 500 grains and even more. The
dietary of a prize-fighter under training was found . to
include in one instance 690 grains of nitrogen.

* The “ Temple ration " for laborers on relief-works was based on
oue pound of rice, containing 68 grains of nitrogen,
Q
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236. Nitrogen is supplied by a very large number of
alimentary substances, containing it in very varions propor-
tions. One group of these, including the various forms
of albnmen, syntonin, fibrin, casein, legumin and several
other bodies, classed together as * albuminates,” correspond
very closely in composition and principally supply tho
quantity of nitrogen required. Of these albumen containg
156* per cent. of nitrogen, and 158 may be taken as the
average proportion for anhydrous albuminates. Hence
one ounce of any of these aliments is estimated to contain
69 grains of . nitrogen,t and the weight of albuminate in
any food multiplied by 0158 expresses the weight of
nitrogen.}

237. The following table gives the quantity of nitrogen,
in grains, contained in one pound of the principal nitrogen.
ous foods :—

i
i
{

Bacon, dry . «.| 95 | Fish, white .1 195
»y green .., . 76 || Horrings, yed ., o217
Barley.meal ve .e 68 (| Maize-moal .. ol 120
y, poarl . . 91 i Malt liquor . 1
Beef, best steak .. oo | 227 | Milk, now e e 44
s  cooked .e v | 004 ,, Skimmed .. . 43
,» fat, uncooked ,.| 154 | Mutton, best chops ., | 227

, ordinary ,, v. | 184 5  cooked .. | 304
Biscuit .. . ..| 863 » uncooked .| 189
Bread, average ., ..[ 88 | Oatmeal .. .. .| 136
s Crumb . . 68 || Parsnips .. . .. 12
4y  Crust e . 76 | Feasc ésplit) . .| 248
Bullock’s liver .. oo | 204 || Pork (fut) ve .| 106
Butter .. . .| 02 | Potatoes ., . . 22
Butter-milk o . 44 | Rice . . . 68
Carrots .. . . 14 iSago .. . . 13
Cheese, Cheddar .. | 308 | Turnips .. . .. 13
s skim-milk .o | 483 || Vegetables (green) e 14
Cocoa o .o +o | 140 | Wheat-flour (seconds) ..| 116
Egs e .o .o 149 'Whey .. .o . 43

* The empirical formula of albumen is C;;H,;;N;480,;; and1,612:
262 (Nog) 21005 1576, 72801138 1eOU2z 5 ’

t 100 : 158 :: 4375 grs. : 69°126 grs.

3 An albuminate containing 168 per cent. of nitrogen, any aliment

including z weight of albuminates will bave zX16'8--100=¢x0°158
weight of nitrogen.
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238. Taking 300 grains of nitrogen as the standard
amount required daily under circumstances of ordinary
lubor, the following tablo shows the quantity, in ounces, of
various foods capable of supplying it.

Bacon .. .
Barloy-meal .
Broad o ..
Cheose (skim-milk)
Fish (white) ..
Muize-moal o
Meat (lean) .

05 !Milk, new . oo 11086
706 || ,,  skimmed .. ,.[111°3
560 | Oatmeal .. . oo | 864
9'9 [ Pease . . .o} 168
24'6 [ Rice oo we ea| 706
40-2 | Wheat-flour . .| 412
234 {

> m e e e o=
- e s e s s o=

239. In these tables the substances have been considered as being
in their ordinary condition and containing a considerable quantity of
water. In the following a comparative view of the praportion of
nitrogen in some ordinary foods free from water is presented, the
amount in human milk being taken as 100,

I

|

i {
Rice . . ve 81 || Yolk of egg .e el 305
Potato .. . .| 84 [|Oysters ., ve .| 305
Maize .. . oo 100 | Cheese ., . o | 881
Radish .. e v} 106 I'Bullock’s liver ., o | 570
Wheat .. . oo ! 106 i Pigeon ,, . o | 756
Barley .. . oo 1256 [ Mutton ., . o f 778
Oats . . .o | 138 liBglmon ., . vl 776
White bread . ., 142 |! Lamb .. e v 833
Black ,, . .. | 166 || Whito of egg ., oo | 846
Pease .. .. o 239 [Lobster ., .. ..| 859
Lentils ., . vo| 276 |Veal . . oo} W73
Haricots .. e oo | 283 i Beef e ‘e .. | 880
Beans . . ee| 820 | Pork ve e ..| 893
Cowsmilk ;. .| 237 {Ham .. . .| 910

Vegetuble. Animal.

240. Carbon is a constituent of every tissue of the body,
and of every secrction except a few consisting of water
and salts. Its oxidation is the principal source of animal
heat and energy. Food, therefore, must supply it in abun-
dance and all alimentary substances derived from the
organic kingdoms contain it. The quantity necessary for
the support of an average adult in a state of rest, for 24
hours, may be stated as 3,500 graios or 8 ounces. 5,000
grains (11'4 oz.) may be safely taken as & maximnm,
under any circumstances of exertion, thongh higher
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numbers are given by some authors.*  Generally speaking,
about five-sixths of the nccessary carbon is supplied by

non-nitrogenous foods, onc-sixth by nitrogenous.

241. In the following table the carbon included in one
pound of various foods is given in grains.
contains the nitrogenous substances previously given (237)
and also others into the composition of which nitrogen

does not enter.

The tahle

i

l
o 1,436

| Bucon, dry «v . 5,987 Horrings (red) ..
. green L, .. 15,426 1 Lard .. .e .. 4,819
1¥:£x'lvy-lnu=:tl . . | 2,063 & Muize-menl . . 3:()16
| Bl pouil J .. f,gb‘(!) 1}?};‘1113 liquor . . 2‘7)?)
| L0, COOKe .. . D K, NewW e e g
b, ’fut,‘ uncooked ., l:faT:{ v " gkimmed .. |48
‘ . ordinury ,, oo 1024 Mutton, cooked ., .. 1,883 |
; Bread .e . .. L97H | Oatmeal o, s .. ‘ 2,831
| Biscuit ., vo 2,028 L Parsnips .. . RS 1:1:
1 Bulloel’s liver . 934 ! Pense %H})lit) . v 2,699
i Butter, fresh ., .o 6,456 { Pork (fat) . .o 1 4,113
. nen '} o 1 ~y
T e S ¢ P
(Carrots .. . .. 508 Sago . o . ‘ 2,655
| Cheese, Cheddar .. 3,344 | Suet .. . oo 1 4,710
| ,,  skim-milk oo 1,947 I Sugar . . o 2,956
Cocon ., . v 3,984 | Turnips .. o o 263
Dripping . v 15456 [ Vegetables (green . ‘ 420
| Eggr . .. .. ; 1,144 | Whoat-flour (seconds) .. | 2,700
Fish, white . . 871 | Whey ., - o] 154
|

242. The following tuble shows the number of grains of carbon
contained in such quantitics of certain nitrogenous foods us are capable
of supplying 300 graius of nitrogen :—

{ Bacon .. .. .. | 18,925 | Milk, new .. .. 3,957
Barley.neal .. 11,995 ,y  Bkimmed . 3,078
Dread . oo | 6,798 | Oatmeal ve | 6,276
Cheese, skim-milk 1,167 || Pease . .| 3,246 !

! Fish (white) .. oo 1,254 || Riee . o e | 12,079
Maize-meal o, oo | 7,669 ! Wheat-flour .. ] 8,970
Moat (loan) .. .| 1,426 “ <

Thosc foods whose names are printed in italics contain, it will be
observed, an amount of carbon exceeding tho maximum.

* Dr. E. S8mith states that 7:9 oz. of carbon are given off from the
body of an adult man in 24 hours, in a state of rest, 8'5 oz. unhder
ight exertion, 125 oz. when the work is hard; and so demands for
his average man 95, 10-6 and from 12'5 to 14 ounces of carbon,
under these different conditions.
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243. Carbon is taken into the body in five different
states of combination. It forms part of albuminates, of
fats, of starches, of sugars and of certain salts, chiefly of
vegetable origin, which are capable of conversion into
carbonates in the system. Theso last may be disregarded
hore ; the carbon of the others can he easily estimated.
Thus, albuminates contain on the average 53°5* per cent.
of carbon. Therefore the weight of albuminate in any
given quantity of food multiplied by 0-535 gives the weight
of carbon. Fat contains 79t per cent. of carbon, and
the corresponding multiplier is 0-79. Starch contains
44-41 and the multiplicr in 0°444; cane-sugar and lactose
or milk-sngar, 42'1§, giving 0-421; grape-sugar, 40'0 and
0'4.]l. From these numbers we find also that one ounce
of albuminate contains 234 grains of carbon; of fat 346
grains; of starch 194 grains; of sucrose 184 grains; and
of glucose 175 grains.

244. It is somectimes convenient to estimato the earbon
contained in the non-nitrogenous part of food under the
one head of starch inttead of under two or more divisions.
This is done by assuming that the dietetic value of the
carbonaceous foods dopends upon the guantity of oxygen
with which their carbon and hydrogen must combine in
order to form carbonic acid and water. Estimated thus,
fat is 2:49 times as powerful as starch, and, thercfore, the
weight of fat in the food multiplied by 24 is added to the
weight of starch actually present. In the following tabloe
tho carbonaceous principles are thus grouped together,
estimated as if they werc all starch :—

* 1612 (elbumeny: 864 (Cyg) 21 100 : 53+6.

+ The analysis of human fat yields 79:000 per cont. of carbon;
of lard 79:098 ; of mutton fat 78'996, Calculation from the formulm
of stearine, margarine, and oleine, gives 76-9, 76'4 and 77-3 per cent.
respectively.

T 162 (starch, CgH,005) : 72 (Ce) 22 100 : 44°4.

§ 342 (mcrose, CmHggOu) : 144 (Clg) :: 100 : 42°1.

i 180 (glucose, CH 1506) : 72 (Cg) : : 100 : 40.

4 Fat roquires 298-7 wcig?ts of oxygen for the oxidation of its
carbon and hydrogen, of which itself containe 10; starch requires
only 1185 having in itself sufficient oxygen for its hydrogen. The
ratio of 288'7 to 118'5i82'4 : 1. The ;é;mentai{e composition of fdt
istaken as C79, H1l, 010; of starch C44-44, 1617, 049-89.
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: Carbonaceous
Nitrogenous | 3.
- aliment (reck.
Foods. ahmex;t; P | nedas starch)
cont, per cent.
Arrowroot .., 82:00
Bacon, dried 88 18325
,» green 71 16700
Barley-meal 68 80-30
Bread 81 65-00
Beef, fat on 148 74-50
» lean .., 198 9:00
Butter and fats s ver 207:50
Butter-milk . 41 815
Carrots 13 1500
Cream . 87 69-55
Cheese, Cheddar 28'4 7775
»  Bkim-milk 44-8 1576
Egg, entire 140 26-26
,» white .. 204
» yolk .. 160 7675
Flour, wheaten 108 7550
Liver, ox 189 10-25
Maize-meal .., . vee e 1111 8535
Milk, new ... 41 14-96
» Bkimmed 40 9-90
Mautton, fat ... 12-4 7775
» lean .. 183 12-25
Malt liquor .., 01 870
Oatmenl 12:6 7780
Pease e . .. . 230 62-65
Potatoes e - . v 10 22-50
Parsnips . 11 16-65
Pork, fat 98 122-26
Poultry . 21-0 950
Rice 63 81-26
Sugar 9600
Salmon e . e oo 161 1876
Turnips 12 720
Treacle e 7700
Tripe ... 132 4100
Veal ... o 166 3950

To find, for instance, the percentage of nitrogen in peaso
multiply 23-0 by 0-158 (236). The product, 3:63, is nitrogen
per cent. 8o also 23:0 wultiplied by 0535 (12:3) is the
percentage of carbon which the albuminate of pease
contains; and 62-65 maltiplied by 0444 (27-81) is the carbon
of the carbonaceous element.
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245. Potassium and sodium enter into the formation of
almost every part and are both essential to healthy life.
Thoy are not interchangeable in function, notwithstanding
the resemblance between their chemical properties, potas-
sium being the tissue alkali, while sodium 18 chiefly confined
to the inter-cellular fluids. They are present in combina.
tion with chlorine and phosphoric acid. They are supplied
by animal and vegetable food and by most drinking-waters.
Sodium chloride is almost universally eaten in addition to
foods proper. The quantity of sodinum necessary to health

~. 18 considerably larger than that of potassinm. The needfal
mount of the former may be estimated as 110, of the latter
mins.

246. Caleium is no less important than the alkaline
metals. It not only enters largely into the constitution of
the bones and is, therefore, necessary for their growth and
repair, but it is also essential to cell-growth in every tissue,
It is for the most part in combination with phosphoric acid.
About tbrec grams in twenty-four hours are required.
Present in every soil, it is supplied to animals by vegetables,
and water is rarely free from it. Magnesium also is necessary
to bono-structure, but in less amount than calcium. The
needful amount may be stated as two grains. Iron is
ossential to the red blood-corpuscles. It is present in
almost every tissue and found in almost every food.

247. Chlorine, supplied by chlorides, as sodium chloride,
and present in most other foods, is readily disengaged
within the system to form hydrochloric acid, which is
specially active in the digestion of albuminates. The
average quantity required is 110 grains. Phosphorus,
chiefly as phosphoric acid, but also in some other condition
in the albnminous tissues, is of great importance. It
enters largely into the composition of bone and nervous
substance and the acid combines readily with the alkalies
ang alkaline earths. It is supplied from the albuminates
and in combination is found in almost every food. The
quantity necessary to be supplied in twenty-four hqurs may
be approximately stated as 25 (14 to 35)grains. Sulphur,
as such, constitutes nearly 2 per cent. of albumen.
Sulphuric acid also is present in the system in small amount,
about 20 grains being required daily. Albuminates and
certain vegetables, as cabbage and omions, supply sulphur
and drinking-water is rarely free from sulphates.
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248. Tt is necessary to be on our guard against taking
too chemical a view of food, especially while our knowledge
of vital chemistry is so defective as at present. It is not
enough to supply to the digestive system the required
elementary bodies in proper quantities and proportions.
They must be combined together in certain definite ways,
into certain fundamental dietotic principles, in order to
constitute food. Before, however, entering upon a consid-
eration of these combinations and of the classification of
alimentary substances, the quantity of food in general
demands attention. .

249. The quantity of nutriment necessary to healthy
life vavies with sex, age, climate, individual peculiarities,
nature of the food and degree of exertion. Women on the
whole require less food than men, but the difference depends
rather on the last mentioned cause than on sex.

250. As to age, an infant rcquires three times as much
carbonaceous, and six times as much nitrogenous, food, in
proportion to its weight, as an adult. About its tenth year
& child needs balf as mach nuiriment as a grown person ;
in the fourteenth year fully as much.

251. Cold climates and cold scasons demand more food
than hot, chiefly on account of the greater expenditure
for the maintenance of animal heat. More exertion, also,
will probably be made. Indian dietaries should be arranged
with regard to this principle, and persons coming to India
from Europe should neither expect nor gratify, nor seck to
obtain by stimulation, a European appetite for food.

252. Individuals vary in size, in power and rapidity
of digestion, in activity of circulation, in muscular and
mental movement even in a state of rest ; and these and
simijlar variations affect the guantity of food required for
efficient nutrition. Habit also has much inflnence. Many
adults have acquired, by being over-fed in childhopd or by
self-indulgence afterwards, s craving for food in excess of
their real wants. The total, therefore, ranges between rather
wide linmits and cannot be stated with near approach to
accuracy. The gaantity for male European adults is said
to be from 34 to 46 ounces of what is commonly called
“ golid” food and 50 to 80 ounces of water. The distinction
between solid food and anhydrous or water-frec food must
be remembered, and the fact that a large proportion of the
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water which the system requires is taken with the so-called
solid food. 1If a food is difficult of digestion more of
it will be required, hecauso some will pass off by the bowels
without contributing to the support of the body. o also
food which properly prepared is readily digestible may be
wasted by being insufficiently cooked. .

253. Lastly, the quantity of food necessary in any parti-
cular case fluctuates according to the degree of exertion.
In the dietetic management of large classes, as of soldiers
or prisoners, it must never be forgotten that increased work
demands increase of food ; without which the work can
either not be performed at all or only at the'expense of
diminished strength and impaired health. The ratiouns of
soldiers on march or in a campaign and of prisoncrs com-
pelled to undergo severe labor should exceed those suited to
ordinary circumstances. An average adalt at average work
requires from one-twenty-sixth to one-twentieth of his own
weight of food, ineluding drink, in 24 hours. The necessary
quantity of anhydrous food is stated at a hundred and
tifth of the weight of the body, about 0'15 oz. for each
pound. Inabsolute numbersanaverageadult nearly at rest
requires, in 24 hours, 18'5 oz. of anhydrous food ; under-
going moderate exertion, 23 oz.; with great exertion, 26
to 30 oz. ; and under circumstances of unusually great effort
even 40 oz. may be required. Tho water of the food needs
also to be increased as cxertion becomes greater, but not in
the same proportion ag the solid or the anhydrous food.
The amount of fluid varies between very wide limits, accord-
ing to temporature, individual habits &c. As a rough
approximation to accuracy it may be stated that the liquid
bears to the solid part of the food a ratio varying between
two to one and ©quality ; that the ratio of water to anhy-
drous food is as four or five to one; that about 0'5 oz.-of
water (as drink and in solid food) is required for each
pound of the body’s weight under average circumstances ;
anf that the absolute quantity of water required by the
system ranges from 80 up to 120 ounces according to the
degree of exertion. It may be added that the quantity of
drink or liquid food ordinarily required in 24 hours is taken
to range from 60 to 80 ounces. Finally, it is to be borne
in mind that when dictaries are being constructed for large
bodies of men error by excess of.food rather than by
deficiency is to be preferred.
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254, Food, generally, may be deficient in quantity.
Lassitude, incapacity for work, increased liability to discase
and s high rate of mortality will be the direct results;
while indiroctly mischief may be caused by the oating of
substances unfit for food in order to satisfy chronic hunger.
The direct effccts wore abundantly illustreted in some of
our jails beforc the revision of the dietaries ; though want
of variety of food and unscientific choice of alimentary
substances, no doubt, contributed to produce the high
rates of sickness and mortality. Secpoys quartered in
expensive stations, or involved in debt through frequent
moves, or permitted to encumber themselves with colla-
teral families, or on forcign service separated from their
own families and anxious to save as much as possible for
their benefit, not unfrequently exhibit military ineficicncy
due to inadequate nutrition.

255, The distinction between acute and chronic starva-
tion is a most important one for the hygienist and the
statosman. In the former there has not been time for the
occurrence of thosc degencrative changes in the digestive
apparatus and in the tissues generally which, in the latter,
render recovery of health and strength, by means of
improved nutrition, improbable or hopeless. The symp-
toms therefore of chronic starvation demand careful
study.* They may be bricfly summarized as :—anemia, first
shown by pallor of the mucous membranes : wasting,
exhibited first in the disappearance of the subcutaneous, and
subsequently of the decper, fatty tissue; especially in the
gluteal,t pubic, inguinal, and mammary regions : lethargy,
and dndifference to life and everything else, probably a
result of wasting of ncrvous tissucs : a form of land-scurvy
duo to defective guality of the food, chicfly to the absence
from the dietary of fruit and vegetables, shown by discolor.
ation and thickening of the gums (especially of the upper
jaw) and leading t0 2 low form of diarrhoea or dysentery,
or to general anasarce ; a peculiar condition of the epidermms,

* The best and, so far as T am aware, the only complete descrip.
tion of the effects of famine on the human subject is that published
by Surgeon-Major Cornish, Banitary Commissioner for Madras, as
an Appendix to his Report for 1877.

t ““ An uncquivocal and almost universal sign of chronic starva-
tion,” says Mr. Coruish, “ was flattening of the nates.”
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8o characteristic as to deserve the title of famine skin ; the
surface, especially on the neck, chest, trunk, and between
the shoulders, being harsh, dry and scaly with degenerated
epithelium : and a lightening of the color of the kair due to
atrophy of the pigment cells, often accompanied by
oxcessive growth. In addition to these results of deftoient
nutrition, the reproductive system is deeply affected, 5o that
conception is rare and the fcetus imperfectly nourished.

256. The ill-effects of food in excess of the wants of the
system are less commonly observed and less formidable
than the results of deficiency. Most healthy persons in
circumstances above the poorest take more food than they
require and, in the vast majority of cases, with impunity ;
thongh it is at least possible that the digestive machinery
would last longer and the average duration of life be
increased if sufficient food only were ecaten and drunk.
Occasionally, however, persons with ill-regulated appetites,
or after long deprivation of food, devour more than the
system can dispose of in the ordinary way. The excess
behaves as animal or vegetable matter exposed to heat and
moisture, outside the body, would behave. It putrefies,
generating carbonic acid and sulphuretted hydrogen,
which cause the inconvenience and somctimes the severe
pain of flatulence, as occurs when cattle arc allowed access
to unlimited quantities of green food. Other products of
putrefaction irritate the intestinal tract, setting up diar-
rhoea, which is not always sufficient to remove the peccant
matter, Again, putrid fluids may be absorbed and enter-
ing the blood produce effects of a more serious character
than those mentioned above. Lastly, the excess of food
may enter the systemn by active digestion and assimilation
in the ordinary way, with recults varying according to the
dietetic principle which was in excess, and to be considered
hereafter.

957. There may be also what may be called relative
excess; where the absolute gumantity of food is not too
great, but its distribution through the day is fanlty. On
the one hand, meals may be too few. It is true that in
this matter the utmost variety of practice exists in differ-
ent races, different sections of the same race and different
individuals. In this country, for instance, some natives
eat once only in the day, most twice, many thrice; and all
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these various customs scem equally compatible with health.
Habit induces the digestive system to submit to practices
which bygiene disapproves. On the other hand, meals
may be too frequent, or eating may be so nearly continual
that meal-times becomo merely nominal and the digestive
apparatus gets no rest except at night. This state of
things is not uncommon in the treatment of European
children in India, who are often encouraged to eat at all
hours under the erroneous impression that they do not
take sufficient nutriment at the regular hours for meals.
Digostion is thus deranged, dyspepsia and consequent
malnutrition engendered ; and in some cases a permanent
habit of over-indulgence in food created.

258. So far as itis possible to lay down general rules
for meals, it may be said that four or five hours should
not be exceeded as an interval between two meals in the
hours of daylight and work, and that thrce meals in the
day are sufficient for adults. In the case of children food
should be supplied at intervals of not less than three or
more than fonr hours. When ihe meals are breakfast, an
early dinner and tea or supper, (or correspond to these),
the total daily food should be distributed amongst them
by allotting three parts to the first, four to the second, and
two to tho third. When dinner is eaten late, four-ninths
of the daily supply may be taken then and half that quan-
tity at an afternoon meal.

259, It has been already said that it is by no means
sufficient for the maintenance of lifc and health that certain
quantities of the elementary constituents of the body
should be eupplied. Other conditions also must be ful-
filled. First of these it is found to bo necessary thut the
elements should be grouped into certain definite com-
pounds; and, accordingly, foods proper contain one or
more of such groups, or fundamental alimentary principles,
on the amount and proportions of which the sufficiency of
a dietary to health depends. They are albuminates, fats,
carbo-hydrates, salts and water,

260. The ALBUMINATES are s group of substances includ-
ing albumen and other bodies closely resembling it or
identical with it in chemical composition, as fibrin, casein,
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hematoglobulin &e,, in the animal,* and legumin, gluten
&c., in the vegetable kingdoms. Containing nitrogen, as
well as the other three organic elements, they are some-
times ocalled nitrogenous or azotized principles; and from
the fact that their primary function is the formation and -
repair of muscular and some other tissues, the term plastis
is not unfrequently applied to them. Their composition
includes, besides the organic elements, small quantities of
gulphur and phosphorus. Their presence in food is indis-
pensable.

261. The albuminates are necessary for the mainte-
nance and repair of the nitrogenous tissues of the body,
without which the development of energy is impossible,
and in proportion to the activity and vigor of which,
force, potential or actual, is generated. The oxidation of
their nitrogen and carbon contributes to animab heat and
other force, and they are capable of conversion into fat;
but the valne of nitrogenous principles in the food rests
mainly upon the indispensability of the nitrogenons tissnes
to the sufficient absorption of oxygen by the lungs and its
utilization within the system. The chief duty of animal
life is the development of force by the oxidation of the
carbon and hydrogen contained in the blood, and to this
process the presence and action of the nitrogenous tissues
appear to be essential. The latter are capable of directly
supplying the materials for muscular power and other
forms of force in cases where non-nitrogenous food is
deficient in amount; but it is in this contingency only
that the decay or oxidation of muscular tissne is necessary
to the development ofenergy. Thus, increased muscular
effort does not, under ordinary circumstances, lead to
increased excretion of nitrogen, as it would if force were
dne to waste of nitrogenous tissmes; but when food
consists largely of albuminates, as when bealth is main-
taingd upon an exclusively flash diet, the excretion of
nitrogen gy the kidneys and bowels is greatly augmented
without increased exertion.

262, The quantity of albuminate necessary to health -
varies, of course, with the degree of exertion undergone.
. * Grelatin, chondrin and soms other animal albuminates are inferior
in nutritive power to albumen &c.

10
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Two ounces of anhydrous albuminate are required in 24
hours for the internal inevitable work of the body, and this
amount is the minimum consistent with life. A state of
rest requires 25 ou.; easy work, 42 to 46, (85 being
considered the minimum allowance for a working man) ;
hard work will demand 5'5 oz.; and very hard work, as
that of a soldier marching or in the field, 6'5 to- 7 oz.
These quantities are based upon observations made upon
average Europeans and European labor. They will pro-
bably be found too high for Natives of India.

263. When the supply of albuminous food falls below
the minimum, the functions of circulation, respiration,
digestion &c., cease to be efficiently performed. An onnce
or an ounce and a half only, for instance, of anhydrous
albuminate given daily will be followed by great debility
of the muscular system and a generally adynamic condi-
tion, with increased liability to specific diseases, especially
malarial, and to pneumonia. The effects of a dietary from
which albominates are altogether excluded, but which is
normal in other respects, supervene in a few days. Mus-
cular strength suffers first, mental power not until subse-
quently ; fever and dyspepsia follow ; an anemic condition
is developed. The excretion of nrea, and in a less degree
of uric acid, is diminished. The weight of the body may
be maintained for seven or eight days provided abundance
of starchy food be sapplied. Death by starvation would be
the ultimate result of such an experiment. Adults are
very rarely in danger of receiving an insufficient supply of
albuminous food, except perhaps prisoners who have no
power of selection ; but infants are in too many cases fed
almost entirely on arroweroot, sago and other starches,
containing scarcely any nitrogenous aliment.

264. The effects of excess of albuminates depend on
the digestive powers and the habits of the individual.
Most men eat more albuminous food than is necessary” for
the wants Offttllla: gystem, wil:,hout ill effect, a considerable
Pproportion o excess probably passing away undigested
witﬂhe foces. Those l:vho livyepa.lmosgt whglly or alto-
gether upon flesh, obtaining from it carbon in sufficient
quantity for nutrition, necessarily take excess of nitrogenous
matter, and with impunity so long as very active exercise
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{increasing absorption of oxygen and rapidity of circu.
lation) is taken. The prize-fighter in treining, mentioned
before, disposed of 9'8 oe. of albuminous food, besides an
ample allowance of fat and starch, withont apparent
injury. Such impunity, however, does not always follow.
A plethoric condition, with congestion and consequent
enlargement of the liver, is apt to follow the continued
absorption of albuminates in excess, nmless the amount of
exercise is also increased so as to promote absorption of
oxygen. Excess of force, evinced by irritability of temper
and even savageness of disposition, has been assigned to
this cause. Withont active exercise oxidation is imper-
fectly performed, excrementary substances are retained in
the system, or being incompletely elaborated (falling short
of urea, corbonic acid and other complete excretions),
irritate the excreting organs. Hence probably, in some
cages, gouty affections. Great excess of albuminatoes,
without other food, was found in Hammond's experiments,
to produce in five days, fever, diarrhea and, if long
continned, albuminuria.

265. The nitrogenous foods which chiefly supply albumi.
nates are :—milk, cheese, the muscular tissues of animals,
eggs, the seeds of cereals, and of leguminosw. In all of
these, as will appear hereafter, other alimentary tprinci-
ples, besides the albuminates, are present. None of them
{cxcept milk, snd that only during infancy) is fit to
constitute an exclusive diet.

266. The rars and the carbo-hydrates, composed almost
wholly of carbon, oxygen and hydrogen, are sometimes
classed togethgr as carbonaceous foods. Containing no
nitrogen they are also called non-nitrogenous ; and, on the
theery that their oxidation in respiration is the source
of animal heat, respiratory. Their oxidation is the princi-
pals source of energy as exhibited in muscolar action.
Although, however, the two groups are closely connected in
function and may, under certain circumstances, replace
each other in food, we are justified, in the present
state of our knowledge, in maintaining the distinction
between them ; and in stating that, to the human subj
at least, fat, as such, is an essential element of nutrition.
It is now acknowledged that albuminates are converted
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into fat in the system ;* but, on the one hand, all known
freely chosen dietaries contain fat; and, on the other, a
diet consisting of albuminates, starch and salts, without
fat, is fonnd to be incompatible with human health.

267. The functions of fat are manifold. 1tis necessary
for the repair of tissues, as the muscular and the nervous ;
and from this point of view it is a plastic food. «It is
a digestive agent of great power; albuminous substances
yielding more rapidly to the action of the stomach when
fat is present. Its oxidation is one of the chief sources of
animal heat and other forms of force, and we have seen
that in this particular it is nearly two and a half times as
powerful, weight for weight, as starch. It nids in all the
nutritive processes, and in the removal of effete tissues;
while it protects albuminous tissnes from disintegration.

208. The quantity of fat required for efficient nutrition
varies with the degree of exertion undergone ; and increased
effort demands increased supply of this aliment as well
as of albuminate. The amount necessary for the internal
work of the body, in the case of an average adult, may be
stated as 0'5 oz. In a state of rest one ounce will be
required ; under ordinary circumstances of labor 25 to
3oz should be allowed ; and, when the work is very labori-
ous, 3'5 to 45 oz.

269, When fat in excess of the wants of the body is
taken, up to certain limits, varying with the individual
and the kind of fat, it is absorbed ; beyond tbem it passes
off by the bowels. Animal fats are more readily absorbed
than vegetable. 7Thus in one set of experiments from 1 to
1'5 oz. of animal fat was found to be absorbed (in addition
to that contained in the ordinary diet) in 24 hours, while
of vegetable oils not more than 0-7 oz. was so disposed of.
That portion which is absorbed may be stored up in the
body, leading to obesity and fatty degenerations; or yield-

* Voit and Pettenkofer maintain that fat is altogether formed from
" albuminoid and other nitrogenized foods ; and that there is no direct

rolation between the carbo.hydrates ingested and the fat formed
within the system. The carho-hydrates protect fat already formed
from decomposition: and each quantity of albuminous food requires

oo of a corresponding quantity of carbo-hydrate in order
to the complete deposition of the amount of fat dueto the former. 100
parts of water-free albumen yield 61°4 parts of fat.
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ing fatty acids by decomposition it may produce excessive
acidity in the system. The metamorphosis of nitrogenous
tissues is delayed by fat and in this way also excess may
be mischievous.

270. Tm specific effects of deficiency of fat in food are
not well known; but it is established that depravation of
health, in the human subject at least, follows their exclu-
sion, even though carbonaceons food of the other group
be abundantly supplied. Herbivorous animals are able to
convert sugars and starches into fats and thereby to
dispense, to a great extent, with a direct supply of this
alimentary principle; and in man also the same process
is to a certain degree carried om, but not sufficiently to
compensate the absence of fats themselves. Hunters living
exclusively, and amply supporting health and strength, on
the flesh of animals are only apparently exceptional ; all
meat, even that of wild animals, including & considerable
proportion of fat. 1he benefit which so often follows the
use of cream, suet and cod-liver oil as therapeutic nutrients,
in cases where the diet includes the other principles in
sufficient quantity, confirms the opinion that fat, as snch,
is an indispensable element of human food.

271. The animal fats supply most of this class of
nutrimont, the chief sources being butter or ghee, suet and
lord.  Gingelly, cocoanut and other vegetable oils are also
used in the proparation of food. Many aliments primarily
belonging to another class include considerable progor-
tions of fat in their composition—meat, for instance, fish,
eggs, maize &c. &e.

272, THE CARBO-HYDRATES are so called because they are
composed of carbon, with hydrogen and oxygen in the
same proportion as that in whichithe%conatitute water, i.e.,
in the ratio of two atoms to one. They are divided into
three groups ;—the amyloses,* including starch, dextrin and
celMulose ; the sucroses,t which include ordinary sugar
derived from sugar-cane, beet &c., and lactose or sugar of
milk ; and the glucoses} or grape-sugars. This class of
food is not indispensable to life or health, and it is certain
that both may be maintained on a diet from which carbo-
hydrates are excluded. Though not, therefore, necessary,

* CeH,,05. + C12H2:0yy. 1 CeHy0p.
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they nevertheless enter into the dietaries of every people
and of every individual so circumstanced as to have a
choice of food. Of the three sub-divisions the starches
are by far the most important, the sucroses coming next. All
three, being digested, are taken to be equal ig nutritive
value ; but they differ mucb in digestibility. One amylose,
for instance— cellulose— scarcely yields at all to human
digestive organs. The sugars arc much more readily
absorbed than starch.

273. The carbo-hydrates are not plastic ; at least they
do not aid in the maintenance of the solid tissues, though
the fluids of the body are nourished by them. In other
respects their functions are the same as those of the fats.
By oxidation of their carbon they yield force and heat, but
containing in gheir own constitution the means of oxidizing
their hydrogen, without the aid of respiration, they are
(a8 we have seen) much inferior in that respect to fat.
Supplied in abundanee they save both the nitrogenous and
the fatty tissues from destructive metamorphosis, being
more readily oxidized than either. Ashas been seen, their
conversion into fat in the human system is strongly
doubted : although in herbivorous animals this metamor-
phosis unguestionably occurs. When the supply of carbo-
hydrates is insufficient for the respiratory and other wants
of the system a demand for the deficiency will be made
upon the already-formed fat. In this way the increase of
total weight apparently due to use of this class of food may
be explained.® In this respect sugar is superior to starch.
It is possible that starchy foods favor digestion by their
superior bulk, the digestive organs requiring a certain
degree of volume for effective action, and perhaps also
such retardation as the less nutritive ingredients of food
produce. Lastly, from the carbo-hydrates are derived
lactic and other acids to which the acidity of some of the
fluids is due and which in other ways appear to play an
important part in nutrition. -

274. Amylaceous and saccharine food not being indis-
esnsable the quantity consistent with health varies widely.

e may take 12 oz. of anhydrous carbo.hydrates as the
amount desirable in 24 hours in & state of absolute rekt,

* Mr. Banting found that 6 or. of sugar taken daily with his food
for 7 days added one pound to his weight.
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14 oz. in ordinary labor, and 16 to 18 when the work is
very hard.

275. When excess of starchy food is taken, much passes
away undigested by the bowels, the proportion varying with
tho digestibility of the particular article, its mode of pre-
paration and the digestive power of the individnal. Habit
also has great influence, the organs undergoing modification
both in the individual and in the race, which bring them
into conformity with the customary food. A person accus-
tomed to a mixed diet, if compelled to live almost exclu-
sively on rice or on potatoes, would pass off by the bowels
& much larger proportion of starch at the beginning of his
new dietary than after it had become established. When
too much starch (or sugar) is digested and absorbed, it,
like fat, delays the metamorphosis of the nitrogenous
tissues and is itself converted into fat; thus producing
obesity and sometimes fatty degeneration of the beart and
other structures. Imperfect digestion of excess of carbo-
hydrates generates acidity and flatulence of the intestinal
tract. Baccharine urine is occasionally a result of excessive
ingestion of starchy food and diabetes mellitus is a frequent
disease among brahmans and others living mainty on carbo-
hydrates.

276. Partial or total deprivation of carbo-hydrates can
be borne by man, provided fat in corresponding excess be
supplied. Health is incompatible with Yhe exclusion of both
groups of carbonaceous aliments. Enough of albumen
might be digested to give the requisite amount of carbon,
but nitrogen would then be greatly in excess of the powers
of the system to assimilate it, unless much exertion were
undergone and then carbon would be again deficient.

277. The substances which supply starch almost . exclu-
sively are arrowrodt, sago, tapioca, the so-called corn-flour
ang other similar articles. The pofafo and the seeds of the
cereals also contain a very large proportion of amylaceous
matter. Sugar and molasses or treacle are obtained princi-
pally from the juice of the sugarcane, but jaggery is also
supplied in large quantities, in this country, by the sap of
the cocoannt tree and of other palms. The sugar of mdlk
belongs like these to the sucrose group. The glucoses are
found in fruits and horey, and grape-sugar is sometimes
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manufactured, both in the crystallized and uncrystallizable
forms, on a large scale, by the action of dilute acid wpon
starch. This artificial glucose, however, though equally
valuable with sucrose as a food, is inferior in sweetening
power (owing to its lower degree of solubility in water),
and is not likely to be knowingly employed except as an
adulterant of cane-sugar.

278. Bofore passing on to inorganic food it will he well to inguire
into the relative values of the throo foregoing alimentary groups with
reference to the production of force. At present it is believed that
animal heat is chiefly, if not altogethor, due to the conversion of poten-
tial energy into muscular force ; and that the non-nitrogenous parts of
the food are mainly the materials, by the oxidation of whose carbon and
hydrogen, in the processes of respiration and circulation, potentwl
energy is developed, the normal condition and adequate repair of the
nitrogenous tissues being necessary conditions of its development.
‘We know that the muscular powers of the body can be maintained for
a time and a considerable umount of labor performed while non-nitro-
fenous food only isingested ; the motor force being suppliod by the

atter until the albuminous tissues by whose action it is maintained fall
ﬁr’uduully into disrepair and impotency through deficiency of nutrition.
© know also that, assuming (as we are justified in doing) that the
thermotic power of foods, i.c., their capacity of producing heat by thoe
oxidation of their elements, is a measure of their mechanical or mortor
power, independently of their including nitrogen or not, the oxidation
of muscular tissue is quite insufficient to account for the work which
the muscle performs; it follows that the greater part of the force,
potential or actual, developed in the body, is due to the non-nitrogen-
ous constituents of the food and to the oxidation of their carbon and
hydrogen ; the carbon gnd hydrogen of the nitrogenous tissues also
contributing an appreciable but inferior share. The chief functions
of the albuminates is to ropair those tissues without which the develop-
ment of energy by the carbonaceous foods is impossible. The direct
production of force by thom is secondary and comparatively unimpor-
tant. On the other hand, the chief duty of the carbonaceous food is the
production of force, either in the form of muscular power or of animal
heat or in other modes. Further, albuminates are inferior as genera-
tors of energy not only because their thermotic power, supposing them
to be completely oxidized, is less, but also because they are not fully
oxidized in the system, while the carbon and hydrogen of carbonaceous
foods are, when absorbed, wholly converted into carbonic acid and
water. Urea is an incompletely oxidized product of nitrogenous food.

279. Foroe is measured either in kilogrammeters orin foot-tons, which
are the French and English force-uvits, respectively. The former
expresses the force necessary to raise a kilogram, against the force of
gmvxty only, one meter : the latter, a ton one foot. In the following

'able (as hout this chapter) the English notation is employed ;
the numbers being canvertible into the corresponding figures in metric
notation, i.., kilogrammeters from a gram, by dividing each by
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0-09157.¢ One ounce of any of the substances given'below, (in the
natural, not the anhydrous, condition), if taken #s food and fully
oxidized in the system, theoretically generates an amount of ener
capable of raising to a height of one foot the number of tons whic
the figure opposite to it expresses.

Foot- 2 Foot-
’ Foods. tons. Foods. $ons,
Ale (Bass’ bottled) .. 30 |Flour .. . Lo 148
Arrowroot ., .. 151 j{|Ham (lean, boiled) .. 65
Bacon (dried) ., . 201 ((Milk .. . . 24
Beef Ssult) . . 62 |'Milk (skimmed) . 20
Beef (lean) .. . 66 [lOatmeal . .. 152
Bread (crumb) . 83 || Pea-meal . . 146
Do. (crust) .. . 160 ||Pemmican .. . 215
Batter ., . . 281 || Pork (fat) .. . 201
Cabbage . . 16 Do. (salt) .. .. 69
Carrots ‘e . 20 || Porter (Guinness’) .. 41
Cheese (Cheshire) .. 168 || Potatoes . . 38
Cream .. . .. 96 ||Poultry o . 51
Egg (white) ., . 22 ||Rice (ground) . 145
Do. (yolk) .. . 127 ||Sugar (lump) .. . 129
Figh (white) ., . 43 | Voal (lean) .. . 4b

280. As we are to guard against taking too chemical a view of
food, so also we should accept with caution calculations of the amount
of energy which different foods are capable of generating. Itisto be
remembered that such estimates assume that the whole of the food
is oxidized, and that this implies that itis of such a nature and so
propared that the system can assimilate it completely. Again, an
aliment may be in fact far inferior us a nutrient and gonerator
of force to what potentially and theoretically might be expected:
88 is the case with gelatine, which is superior to boiled ham (for
instance) in the number of heat-units which it generates when burnt
in oxygen, whereas it is well known to be far inferior in nutrient
power. There may also be differences in the kind of potential ener
evolved from different foods yielding theoretically equal amounts.
Thus it is mainta#hed by some, and with great plausibility, that fully
fed carnivora are capable of more powerful offort in a shorter time
“than herbivorous animals, while these are more enduring of sustained
exegtion, and that meat- eating and vegetable-eating races exhibit the
same distinction, Tt is certain that the digestive process and perhatga
consequently the evolution of potential energy are slower in the
herbivora and that this difference may account for the other if proved
to exist.

& The numbers in the Table have been caleulated by Professor Parkes
from grams and kilogrammeters by multiplying first by 28:35 (the
numbers of grams in au ounce) and then by 0-003229: or, in one,
operation, by 0091 (the ratio of kilogrammeters to foot-tons).
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981. The SALTs constitute the fourth group of alimenta
principles and their presence is equally indispensable wit
that of the first or second clags. They are essential to the
growth and maintenance of the tissues and fluids of the
body, and the special functions of the bases have been given,
so far as they are known, in the beginning of the Chapter.
One most important section of the salts is formed by the
combination of lactic and certain vegetable acids with the
alkalies and appears to render some of the fluids alkaline
and to be convertible into carbonates in the system. Such
are lactates, tartrates, citrates, malates and acetates of
potassium or sodium, preferably of the former. The carbo-
nates cannot be substituted for these salts.

282. The necessary quantity of this kind of food may
be stated as 0'5 oz. 1n a state of absolute rest; 1 oz. in
moderately laborions work ; and 1-2to 1-5 when the labor is
very severe, As these substances, with one exception, are
not isolated articles of food but are contained in others,
they are not likely to be taken in excess. Deficiency of
salts exercises a very unfavorable influence upon health,
impairing the efficiency of the tissue to which their presence
in sufficient amount is necessary and leading (especially
when the vegetableacids are withheld) to that form of
malnutrition which is called scorbutus, The exception
above referred to is the sodium chloride or common salt.
An insufficient supply of this article of food undoubtedly
favors the propagation of intestinal worms; and, unless
chlorine is atherwise supplied, the formation of hydro-
chloric acid for the digestive process will be impossible.
The amount of salt which is required in 24 hours varies
with the nature of the other articles of the dietary. Thus,
100 grains are, perhaps, sufficient in jails where the staple
food 1s wheaten flour, while at least twice this quantity will
be required with a rice diet. It is scarcely possible to lay
down a general rale on the point* except this, that excess
can do no harm,t while deficiency must be injurious, and

* In the French Army the allowanoe of ealt is 05 oz.; in the Navy,
0-77. In the Prussian Army 0-87; in the Russian, 1'69; in the
English about 0°26. Numerous experiments made in England and
France have shown the amount of salt daily excreted under ordinary
circumstances to range from 04 to 0'6 os.

4 More than an ounce may be taken in 24 hours without the appeay-
ance of any in the fasces.
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that it is a mistake to economize by reducing the ration of
so cheap and necessary an article of food as salt, at the
risk of impairing he&lt{.

283. The salts of the food, then, are supplied by sodium
chloride taken separately and by the saline constituents of
the other articles of diet, including water. Vagetables and
fruit supply the antiscorbutic salts and acids, and eitrie
aoid is substituted when these are not procurable. The
following Table shows the amonnt of salts derivable from
one pound of some ordinary articles of food. The specific
salts present in each of these and other articles of food
will be given, so far as may appear necessary, when each
comes to be separately considered.

284.
0z. oz.
Bacon, dry e ...| 046 || Malt-liquor ..l 008
Do. greem ... ...| 0°84 || #Meat, cooked .. | 047
Barley-meal ... ...| 0:82 ||#Do. uncooked (one-fifth
Beef, fat .| 070 deducted for bone) ... | 026

Do. lean ...| 082 |{{#Do. of fattened ont-

Do. salt, uncooked ...| 837 tle (do.) e .| 058
Bisouit ... ... | 0027 || Milk, new .| 018
Bread, average ... ...] 031 || Do. skimmed ... .| 018
Butter and fats ,..| 082 || Mutton, fat . | 056
Butter-milk ... ...| 018 Do. lean ... | 097
Cabbage ...1 011 | Oatmenl .| 048
Carrots ... ...| 016 || Parenips L 016
Cheese, Cheddar ...| 072 || Pease, dry .. 040

Do. skim-milk ...] 078 || Pork, fat .| 087
Cream ... ...| 0-28 || Potatoes .. | 016
Egg, entire o 024 ) Poultry ... .| 019

Do. white ...| 0:26 || Rice ... | 008

Do. yolk .| 021 (| Balmon ... | 022
Flour, wheaten # o] 027 || Tripe ... ...| 088
Liver, bullock’s ...| 048 (| Turnipe ... ...| 0110
Maize-meal e ..} 027 || Veal ] 075

285. A sufficient supply of wATER i8 even more neces-
sary to life than food of any other class, and death byl
starvation takes place much more rapidly when water also
is excluded than when the other aliments only are with.
held. All the tissues require water for their composition ;

* From Professor Parkes.
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their vital processes are impossible without it; and the
aqueous exhalations and excretions from the lungs and
kidneys have to be replaced. The quantity of water which
the system demands varies with the amount of work, the
external teraperature and, to a greater degree than even the
other elements of the diet, on individual peculiarities and
habits. The necessary amount may be stated to be, on the
average, half an ounce for each pound of the body’s weight ;
or 70 to 90 ounces for an adult man. If more is taken
than is actually required, the excess, in a state of health,
rapidly passes off by the kidneys and the skin. Deficiency
leads to remarkable failure of the fhysical and mental
powers. When great exertion, therefore, has to be under-
gone an ample supply of water should be provided.

286. A considerable proportion of the necessary amount
of water is supplied in the so-called *solid ” food, espe-
cially by the vegetable part of it, leaving a variable quan-
tity to be taken asactual drink, a quantity whick ranges
from 50 to 100 ounces. It isindifferent in which of these
two ways the supply is msintained, provided only it be
sufficient ; aud it 1s therefore needless to give details of
the proportion of water included in various articles of
food. The imperious demands of thirst will ensure that
deficiency of water in the solid food will be compensated
by liquids. The agueous constituent of solid food 1s con-
sequently unimportant, except in so far as it diminishes
the nutrient value of the aliment in other respects in
which it is nof so easy to apply a remedy.

287. Water itself or other drinks consisting of course
principally of water, but containing other substances which
communicate favour or other qualities to it, are always
necessary in addition to the water of the solid food.
Some of the latter (as milk, butter-milk &e¢,,) are nutritive
in addition to their water-supplying quality ; others (as
wines, spirits, and malt-h'quo'rag)are nutritive and stimulant ;
others (as the alkaloidal beverages, fea, coffee, and cocoa}

#exert sedative or other influences on the nervous system.
In one or more of these forma rather than aa mere water
the majority of civilized mankind imbibes the water neces-
sary for life and health.

288. We have seen that one of the alimentary groups
(the carbo-hydrates) is not indispensable and that therefore



OTHER CONDITIONS. 121

it might be replaced in a dietary by another principle (fat) ;
also, that when effort is increased food must be increased,
some kinds of food (albuminates and fat) in ter degree
than others. The proportion, then, which the several
dietetic principles should bear to each other does not admit
of being stated with any great accuracy. As a rough
approximation the following numbers may be taken as a
convenient representation of the relation in quantity of the
four solid groups of food in a wholesome dietary—albu.-
minates 9, fat 5, carbo-hydrates 28, salts 2.

289. Other conditions besides those which have been
considered are necessary to efficient alimentation. In the
first ‘{ﬂace, the food must be of such a nature and so pre-:
pared that a sufficient quantity shall be eafen and, beiny
caten, shall be digested. There is seldom any difficulty in
securing the first point in the case which is most frequently
presented, that of free healthy men compelled by their
circumstances to undergo daily physical labor. In other
cases, however, as with the sick, the idle or the overworked,
appetite for food may be deficient and may require stimu-
lation. Variety, either in the food or in the mode of its
preparation, is one ready means of increasing desire for it ;
and this is especially expedient in jails, where monotony
is an essential of discipline, where mental depression, to
some extent, 1s almost universal, and where the inmates
are abgolutely restricted to their dietary and debarred from
even trifling variations within the reach of the poorest
free laborers. The use of condiments is another means
of maintaining appetite for food at a healthy level, by
imparting agreeable and stimulating flavors to insipid
substances. Itis scarcely credible, for instance, that hunger
(fulling short of starvation) would be sufficient inducement
to rice-eaters to consume enough of so tasteless a food for
their wants, were it not for the various condiments which
are invariably eaten with it. It should be remembered
that while variety and condiments are thus useful in
stimulating an insufficient appetite they are capable of
great abuse by being employed to excite appetites which
needed no stimulation and thus to favor the ingestion of
food in excess of the wants of the body.

290. Digestibility depends upon the nature of the food,
and the manner in which it is prepared for use. Chemical
idvntity or resemblance affords no certain indication of

11
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equality in capacity for digestion. Thus cellulose is
isomeric or polymeric with starch, but the former resists
human digestive organs completely, while the latter is
readily assimilated. So also vegetable albumen is less
digestible than muscular tissne. Food muast be selected,
therefore, with reference to the digestive powers of the
class or of the person, and these are largely influenced by
habit, hereditary or individual. A rice-eating people, for
instance, will be unable to maintain health on a diet of the
less easily digested dry-grains, until time and habit have
wmodified its digestive system; and men accustomed to
derive their nitrogenous nutriment from flesh would fail to
extract it from an equivalent quantity of pease or of cheese.
Besides such wide differences as these and independently
of individual peculiarities, articles of food vary considerably
in the time required for digestion, and, therefore, in their
suitability to different meals or to different states of health,
the sick especially requiring attention to this point on
account of the weakness of their assimilative powers ; and
tables have been constructed to show relative facility of
assimilation of the ordinary articles of food. A few of
these are given here in the order of their digestibility in
the following Tables :—

291, Animal Foods.
Articles of Diet. How cooked. Timo otfioc:ymlﬁca-
Hours. Minutes.
Pig’s feet, soused .. .. | Boiled 1 0
Tripe, soused . e 1 0
Eggs, whipped .. |Raw 1 30
Salmon-trout .. | Boiled 1 30
Venison.steak .. | Broiled 1 30
Brains .. | Boiled 1 45
Ox-liver .. .. | Broiled 2 0 .
Cod-fish, cured .. | Boiled 2 0
Eggs .. { Roasted 2 16
Turkey . | Boiled 2 26
Grelatine .. Do. 2 30 -
Goose .. . | Roasted 2 30
Pig, sucking . Do. 2 30
Lamb . .. | Broiled 2 30
Chicken .. | Fricasseed 2 45
Beef .. | Boiled 2 45
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Anrticles of Diet. How cooked. | 1im¢ oiti%l:‘ymlﬁca-
Hours. Minutes,
Beef .. . .. | Roasted 8 0
Mutton .. . .. | Boiled 3 0
Do. .. .. +« | Roasted 3 15
QOysters . . .. | Stewed 3 30
Cheese .. .. .. | Raw .. 3 30
Fggs .. . .. Half-boxled 3 30
Do. - .. . .« | Fried . 3 30
Beef e e ..| Do, . 4 0
| Fowls .. .. .. | Boiled .. 4 0
Do. .. | Roasted . 4 0
Ducks .. o . Do. . 4 0
Cartilage .. .. .+ | Boiled . 4 15
Pork . - .. | Roasted .. 4 15
Tendon . . .. | Boiled .. 5 30
292, Vegetable Foods.
» : Time of chymifica-
Articles of Diet. tion.
Hours. Minutes.
Rice .. . ‘e e 1 0
Apples, sweet . - 1 30
Sago .. e . e 1 45
Tapioca .. . .. 2 0
Barley . 2 0
Apples, sour .. o 2 0
Cabbage with vmegar . 2 0
Beans .. . s 2 30
Nponge- . .. 2 30
Parsnips . . . 2 30
Potatoes .o .. .e 2 30
Do. .. 2 33
Ap le-dumplmg . . 3 0
Indian-corn cake . . 3 0
Do. bread . . 3 15
Carrot . e 3 15
‘Wheaten bread . .. 3 30
Potatoes .e e . 3 30
Turnips . v . 3 30
Beets . e . 3 45
Cabbage . 4 0
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293. Preparation of fuod so as to fauvor digestion
includes cooking, intermixture and the use of condiments.
Cooling consists essentially in the application of heat in
such a manner as to loosen the texture of the food and thus
promote digestibility, at the same time rendering it more
agrecable to the taste. Digestion is favored also by the
due intermizture of the different alimentary principles;
the presence of fat, for instance, aiding the organs to
assimilate the other classes. Variety both in modes of
cooking and in manner of combining foods promotes
digestion as well as appetite. Condiments increase the
secretion of the digestive fluids and consequently the
powers of digestion.

294. Finally, all articles of food must be sound and
genuine. They must be free from spontaneous changes
of condition, such as fermeniation, putrefaction, parasitic
growth, disease or those obscure alterations which the
tissues and fluids of healthy animals and vegetables in
some cases undergo at certain times, and which generate
material of a poisonous nature. They should be also
unadulterated ; an adulteration being any substance, fraud-
ulently added to a food, which diminishes its nutrient

power.

295. It may be inferred from the foregoing pages that
the following are the chief points to be attended to in the
arrangement of dietaries:—(1) The wants of the body
under various circumstances of age, sex, constitution, state
of health, amount of labor, habits and climate ; (2) Selec-
tion of food of snitable composition, quality, digestibility,
nutritive power and agreeability to taste and appetite;
(3) Variety and intermixture of foods so that the appetite
may he sufficiently stimulated and digestion promoted ;
(4) The cooking or other preparation of food, with the
same objects in view; (5) The most favorable distribution
of the meals through the 24 hours. :

296. The ordinary articles of human food have now to
be considered separately, and we shall begin with those
which have been already enumerated (265) as containing
albuminates in greater or less proportion. MiLk claims
the first place, being the food provided by naturve for the
young mammal, and because its composition suggested the
division of the fundameutal dietetic principles as given
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above. It includes aldumer and a kindred compound
caseln, a8 nitrogenous counstituents, a fat called dutter, a
carbo-hydrate called lactose or milk-sugar, salts and water,
The relative proportions of the principles are such as are
best suited to the nutrition of animals for some months
after birth, but milk is not fitted to be the sole food of the
adult. 1f it were taken in sufficient quantity to yield the
necéssary amount of nitrogen, fat and water would be in
excess.

297. Although all milks agree in their general compo-
sition, there is considerable variety of detail depending
upon the species, breed, age and food of the animal, the
time which has elapsed since parturition, the tims at which
the milk i8 drawn and other circumstances: thus, some
breeds of cows yield richer milk, that is, milk containing a
larger proportion of fat, than others; -the milk of some
varieties excelr in casein and is better adapted for the
production of cheese. Animals of moderate age give better
milk, containing less water, than the immature or the old.
Sweet foods (as carrots) increase the sugar of the milk;
luxuriant pasturage ~dds to the butter, which is deficient
in mountain-fed cattle and in all when the weather is dry
and herbage scarce and withered. Whatever food fattens
the animal diminishes the richness of the milk. Butter is
more abundant immediately after parturition, even when
colostrum has ceased to be secreted, and diminishes as the
next birth approaches. Evening milk is more natritious
than that drawn in the moruing, coutaining about 3 per
cent. more solid matter, about 1'25 per cent. more fat
and about 0’5 per cent. more cheese. In animals whose
mammary glands have become enlarged into reservoirs in
which the mijk accumnlates and remains undrawn for .
some hours, the fattyfortion rises to the upper part of the
collection and the milk last gphracted is, therefore, richest.

298. So many circumstagces are capable of interfering
with the relative proportions of the dictetic principles in
the milk of the same apimal that the following table,
giving & comparative view'of the milks of different species,
must be understood to show only approximate or average
results®;—

Rayen.
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—_— Woman.| Goat. l Sheep. | Ass. | Mare.

Water . .. 89-54 | 8560 8100 9050 89-33
Butter . .. 3-34 4°10 660 140 | 0°20
Sugar and soluble

salts ‘. AN 377 580 4-50 640 | 875
Casein and insoluble .

salts e Ve 335 4-50 800 170 | 1-62

Specific Gravity .. | 1030 to 1036 | 1035 to | 1023 to

1034 1041 1035

299. The most important milk, becanse the one most
generally used for human food, is that of the cow. The
composition of this, according to Letheby, is ;—water 87-3,
casemn 36, sugar 47, fat 3'6, salts 08 : yielding one part
of nitrogenous aliment to 2:3 parts carbonaceous; or, as
fat is superior to carbo-hydrate one part to 3'8. Wauklyn
states the constitnents of 100 c.c. of * average country
milk” to be, (in grams);—water 90-09, fat 3'16, casein
416, sugar 4:76, ash 0'73; total 102:90 grms. In this
country the yield of each animal is very small and the
average may probably be stated at three pints in 24
hours.* Cows’ milk is & wholesome and highly nutritious

* The following are Professor Macnamara’s results of analyses of
seven samples of milk taken from Bengalee cows. (Vide Chemical
News, May 30th, 1873, p. 274) :—

‘B g §‘ Eg‘ b
Agoot Caltin |ZHg | S | 5. | 2. [E. | &,
Months. o gg g g g BE | 4E |25
ES7 |eg°] S @ & & "
1 .o 6} 15°12 550 398 498 | 0-76
2 . 5 12:82 | 480 440 | 3'60 | 070
2} . 6 | 15698 | 576 | 410 | 410 | 08¢
] . 4 1190 4:30 4-37 2:62 1 078
6 . 10 | 12204 430 | 410 | 320 070
7 6 | 1166| 640 | 386 | 190 082
10 . 4 | 1192 420 | 437 | 300 0-68
Mean ..| 564 | 1296 | 482 ‘ 417 ‘ 338 | 075
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food for adults no less than for children. In some rare
cases where it proves indigestible, warming it (to a
degree below that which would coagulate the albmmen)
removes the objection. When ecircomstances render a
supply of human milk unobtainable for an infant, cows’
milk is the best substitute, and for the first seven
months it should, with certain preparation, be the only
food, starch being added in some digestible form after
that period. For a year at least milk should be the staple
of the infant’s food.

300. When cows’ milk is sabstituted for the natural food
of an infant, it is desirable to imitate the Jatter as closely as
ossible. Accordingly a little sugar is added ; and, because
both the casein and the butter of cows’ milk exceed those
of the woman, it is necessary to dilute with from one-third
to one-half of water, which should be of such a temperature
that the food may be at about 98°F. From two to three
piuts of this dilution should be given in 24 hours up to the
age of seven months. When the weather is hot and d
an infant may suffer from thirst, irrespectively of desire for
food. In such a case it will be better to give water alone
rather than to overload the digestive orguns by increasing
the supply of diluted milk.

301. As to the nutritive value of milk, calculated from
its percentage composition as given in (299), one pourd
contains 252 grains of albuminates, 252 of fat, 329 of sugar
and 56 of salts ; total anhydrous food 889 grains. Were
milk, therefore, the sole food of an adult undergoing
moderate labor, 7 1bs. of it would be required to supply
nitrogenons aliment in 24 hours, a quantity which contains
more than 4 oz. of fat and s large excess of water.

302. When Mmilk is allowed to stand for some honrs, it
separates into two sirata, the upper of which is called
cream. , Under ordinary circumstances, this consists of
about one-half of the fat of the milk mixed with milk end
a small amount of casein. When heat is applied, nearly
the whole of the butter rises to the surface and the sepa-
ration is more rapid. When this upper layer has been
removed, the remainder is called skimmed or skim milk,
The thickness of the fatty stratum is & test of the richnesa
of the milk, and it is readily but roughly ascertained by
allowing the latter to rest about 12 hours in a cylindrical
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graduated glass vessel. The application of gentle heat
favors the rise of the cream. The percentage of cream
in Europe varies considerably.®* In nutritive value 1 1b.
of cream represents albuminates 189 grains, fat 1869,
(427 oz.), sugar 196 and salts 126. The analysis of cream
is performed in the same manner as that of milk (313):
but two grams only should be used, and the drying of
the solids takes six or eight hours.

308. Skim-milk differs from fresh milk in containing a
little less casein, and, in general, about half as much fat.
The water and sugar are very slightly increased. A pound
may be taken to supply 280 grains of nitrogenons, 126 of
fatty food and 378 of sugar. Salts are the same as in new
milk

304. When either the cream, or milk before the cream
has been removed, is churned or briskly agitated for
some time, the fat diffused through the milk becomes
aggregated into little solid masses separable from the
liquid by straining. These constitute butter, to be con-
sidered hereafter. The fluid from which the butter has
been removed is butter-milk, and is of great valne as an
adjunct to starchy foods deficient in nitrogen, such as
rice or potatoes. In casein and salts it is equivalent to
new milk ; in sugar it is superior, (containing 448 grains
in & pound) and it still retains a small proportion (49
grains in 11b.) of fat. As usually met with it is distinctly
acid, owing to the conversion of more or less of its lactose
into lactic acid. At a Jater stage the casein separates,
and the whole becomes a semi.solid mass, still an agreeable
and highly nutritive article of food. Fresh butter-milk
has been used with great success in Germany as a food
for infants.

305. When acetic or other acid is added to milk, new
or skimmed, the casein and fat are precipitated and form
cheese, leaving the sernm or whey. Containing the salts
and sugar of the milk, it is evidently valuable as an imper-
fect food ; but it is little used, except as a refreshing and

* In six analyses made by Mr, Wauklyn cream ranged from 19 to
44 per cent. by weight.
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nutritive drink in sickness. In some parts of Switzer-
land medicinal properties are attributed to it and the
‘ whey-cure’ is in vogne,

306. The salts which milk contains are the sodinm and
potassinm chlorides and phosphates, avd a considerable
quantity of calcium aud magnesimmn phosphates. Casein
either inclndes or is combined with minute quantities
of the alkalies, to which its solubility is due. No sul-
phates, lactates or ammonium salts are found in fresh
milk.

307. The foregoing pages refer more especially to the
produce of the cow, but are applicable to n great extent to
the milk obtained from other animals, the proportions
only of ingredients varying, as has been seen. Buffaloes’
milk contains a larger amount of solid matter thau cows’,
especially of fat; and much, if not most, of the ghee and
tyre or butter-milk consumed in India is prepared from
it. The milk is, therefore, rich and otherwise nutritious,
but the animal is a foul feeder, eating horse-dung freely
and not vbjecting to human ordure when herbage is
scarce. A buffalo, therefore, kept to supply milk or batter,
should be carefully and cleanly fed and not allowed to
wander. The specific gravity of the milk should not be
less than 10253, Goats’ milk also contains more solid
matter (135 to 14 per cent.); it has less casein and
sugar than cows’ and somewhat more fat. Hircic acid is
present and sometimes gives it an unpleasant odor. Its
specific gravity should not fall below 1032. Sheep’s milk
is richer than cows’ and about the same in this respect as
goats'; exceeding the latter in oasein, in solids and in
specific gravity! Asses’ milk contains 905 per cent. of
water, and is far inferior to the other milks in casein and
butter, exceeding them in sweetness. It approaches human
milk in composition more closely thun any of those yet
mentioned. Its minimum specific gravity is given as
1023. It is poor as a nutrient, but valuable for invalids
and infants when the digestive powers are feeble. Mares’
milk resembles asses’. Koumiss prepared from it, by
allowing it to undergo alcoholic fermentation, has been
recently recommended as preventive and curative of
phthisis.
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308. The milk of a healthy animal properly fed will
always be wholesome ; but it is rarely possible to see the
cattle or control their feeding, and examination of the
milk itself, to ascertain whether it is good milk and only
milk, is often necessary. Water is the only adulterant at
all likely to be used in this country, and the addition will,
in most cases, be detected by means of the specific gravity.*
This with the other physical characters, the reaction, the
volume of cream and the amount of fat will enable the
examiner in all ordinary cases to pronounce upon the
quality of the milk with sufficient accuracy for hygienic
purposes.

309. Asa general rule, milk, the specific gravity of which
falls below 1023, has been watered and should be rejected ;
and the lactometer—a hydrometer applied to milk—is
often used as a test of adulteration. It is obvious, however,
that skimming the milk will raise the specific gravity,
which may be again reduced by adding water. Hence the
lactometer may pass as genunine watered skim-milk. It is
necessary, therefore, to ascertain the amount of fat present
in the sample. The volume of cream should be estimated
in the manner already described; and also the per-
centage of fatty matter. Yor the latter purpose the
lactoscope is employed, an instrument by which the degree
of opacity caused by the fat-globules diffused through
milk is made a measure of their amount. 100 c.c. of water
have small quantities of the milk added to them until the
mixture is sufficiently opaque, when placed in a glass vessel
the sides of which are 0’5 c.m. apart, to render the figure
of the flame of a good candle, at a distance of one meter from
the eye, indistinguishable. The following table has been
constructed from comparison of opacity thus determined
with results of chemical analysis and shows the percentage
of fat corresponding to numbers of cubic centimeters of milk
which have to be added to 100 c.c. of water in order to
obscure the flamet : —

* Or by evaporation and excess of percentage of solids.

+ The formula from which the table has been calculated is # =
2—? 4 023; z being the percentage of fat, m the added number of
cubic centimeters of milk.
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i« .. | Percentage ‘ . Percentage .n. | Percentage
‘i(.c.xmlk of fat o Cemill) g, |Comilk) TCg el
1
{ 10 2343 80 313 | 190 145
16 1546 85 2:96 | 200 1-39
20 11'83 9-0 2-80 ) 1°16
2:5 951 96 277 \ 3040 1-00
30 796 100 2:55 350 0-89
35 6'86 110 243 i 400 0-81
40 6:03 120 2118 || 450 074
45 5'38 13:0 2:01 \ 50-0 0-69
50 487 14°0 1-88 60-0 0-81
55 445 150 178 70-0 0-66
60 4:09 160 1-68 800 0-52
65 3-80 17-0 1:60 90-0 049
70 3-54 180 152 100-0 046
75 3-32
J

310. The lacto-butyrometer is another instrument for estimating the
richness of milk. It is a test-tube, divided into three decimeter-
lengths, each of these being subdivided into tenths, A decimeter of
the milk, to which a little potash has been added, (to keep the casein
in solution), is poured in; then a decimeter of ether; then, after
agitation, a decimeter of alcohol. The tube being heated in & water.
bath, the butter rises to the top, its amount is read off, and its propor-
tion calculated.

311. The other characters of good milk are white color,
absence of deposit and of peculiarity of taste or odor.
Boiling should not curdle it or otherwise alter its appear-
ance. Its reaction should be neutral, or deviate very
slightly from neutrality. Under the microscope nothing
should be seen but oil-globules and a little epithelicm.
Much of this or pusicells or casts of the lacteal tubules
indicate disease.

312. In most &ases an examination of milk which yields
the proportions of “ solids not fat ”’ and of fat is sufficient
to determine the genunineness of the sample. The standard
laid down by the Bociety of Public Analists requires that
milk should yield, whether natural or skimmed, not less
than 9 per cent. of * solids not fat ” and not less than 2'5
per cent. of butter-fat. The determination of the two
quantities is made thus.* Having carefully mixed the
sample, by pouring it several times from one vessel to

Wauklyn.
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another, 5 c.c. are evaporated to dryness in & small

latinnm dish by means of a water-bath. After three

ours (the water in the bath having been kept boiling),
the dish is weighed and weight of its contents ascertained :
which multiplied by 20, gives grams of total solids in 100
c.c. of the milk. Ether is then poured into the dish,
heated to boiling and filtered. This is done three times,
the filter washed with ether, the ethereal solution evapor-
ated gently by placing the containing dish in warm water.
‘When it becomes turbid the dish is placed upon the water-
bath. The residual fat is then weighed and its proportion
calculated.

313. A complete analysis of milk as an article of diet includes in
addition to the determination of the total solids and the fat, as above,
that of the casein, the sugar, and the saits. For the first (by which is
meant the entire nitrogenous constituents) add to 50 or 100 c.c. ¢ fow
drops of aceticacid, boil, add twice the volume of distilled water and
leave 24 hours for complete subsidence. The precipitate coneists of the
casein and the fat. Decant and filter ; wash well with boiling ether
(to dissolve out the fat), dry and weigh the casein; the result will
probably be too high, owing to the difficulty of completely removin
the entangled fat.* The sugar is determined by means of a standar:
copper solution.+ Free 50 or 60 c.c. of the milk from casein and fat
$s.s ubove described), add 9 volumes of pure water, filter; drop filtrate

rom a graduated burette into 10 c.c. of copper solution diluted with
water and boil until the mixture is colorless, (neither blue nor yellow).
One-tenth of the quantity of diluted serum necessary for this is the
quantity of milk whose sugar decomposes 10 c.c. of copper solution ;
or, which in other words, contains 00686 grm. of lactose ; from which
tho sugar in any measure of the milk can be calculated.

e

* Mr. Wauklyn prefers to act upon the original residue, from
which the fat har been removed, with strong aleohol followed by u
little boiling water ; thus dissolving out the sugar and the soluble
saltse. ‘The casein remaining is washed into a little dish and dried on
u water-bath until it ceases to lose weight. Its weight being ascer-
tained, it is ignited and the weight of the ash (caleium phosphate)
subtracted. Mr, Wauklyn recommends still more strongly the eter-
mination of casein by the albuminoid-ammonia process.

+ Thus prepared. Dissolve 34:65 grms. of pure copper sulphate in
200 c.c. of distilled water. Dissolve 178 grams of sodium potassium
tartrate in 480 c.c. of aolution of soda sp. gr. 1-14. Mix two eolu-
tions slowly ; add distilled water fto one litre. 1 c.c. represents
0-006 grm. glucose, or 000666 grm. sucrose. The solutions keep
})ettar if proserved in separatc bottles und mixed only when required

or use.
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314. Milk may be preserved in several ways. A sample
of desiccated milk* examined by Professor Parkes contained
349 per cent. of casein, 22'0 of fat, 82'8 of sugar and 4'9
of salts. The powder, weighing 1502 grains, mixed with
a quart of water, yielded 8'5 volumes of cream in & hundred,
and thie specific gravity of the milk was 1026. It became
sour in 24 hours. any varieties of condensed milk are
prepared, the process ponsisting merely in partial evapor-
ation and the addition of some sngar. They contain about
20 per cent. of water, and the relative proportions of casein,
fat and salts are generally normal. They remain sweet for
sume months after the tins have been opened.t+ Preserved
milk in ting hermetically sealed will remain good for any
length of time, but the butter often separates from it and
acidity sets in soon after the opening of the vessel. Milk
tightly secured in a bottle while boiling, with alittle sugar
added, will keep for many months. Sodium carbonate or
bicarbonate with sugar, added to milk either boiled or
unboiled, preserves it for ten days or more ; aud sulphurous
acid or sodium sulphite has a similar effect.

315. Crexst is the casein of milk, with a variable propor-
tion of the fat, precipitated by the action of rennet (the
dried mucous membrane of the fourth stomach of the calf),
pressed to remove the serum and salted to prevent decom-
position. Containing a large proportion of nitrogenous
aliment in a small bulk, with fat and salts, and having an
agreeable flavor, it is a valuable article of food ; but it is
not easy of digestion, except in small quantity, and on this
account it is not desirable that more than one ounce of it
should form part of any meal. Larger quantities will pro.
bably pass away undigested.} Its liability to decomposition
renders it an intonvenient article of diet for soldiers &e.
in this conntry.

316. The precipitated casein takes with it almost all the
fat which the milk contained. The richness of the milk,

b ille’s.
+ ife%}z:l:l found *¢ preserved milk” to contain :—water, 205,

fat 104, casein 11-0, ash 2°0, sugar (cane and milk) 56°1 per cent. by
weight: * condensed milk ; *’—water 5112, fat 12-11, casein 13-64,
ilk-sugar 20-36, ask 2°77. ]
mx; Q;:E::made from skimmed milk is a staple diet of farm labovers
in the west and south of England. They eat from 3 to 6 ounces of it
daily with bread.
12
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therefore, affects powerfully the nutritive, as well as
dstermines the commercial, value of the cheese ; the latter,
however, depending also on minute peculiarities of flavor,
and on different processes of preparation. Thus cream-cheese
is coagulated cream and contains about 50 per cent. of
butter and 20 per cent. of casein. Double gloster and stilton
are made from new milk to which cream has been added ;
cheddar from new milk alone. The milk which yields the
commonest kinds of cheese, as single gloater, cheshire, amers-
can &c. has had from one-eighth to one-tenth of its cream
removed before coagulation. Finally the poor cheeses of
Holland, South Wales &c. are prepared from milk deprived
as completely as possible of its fatty matter.

317. The value asa food, then, of cheese varies within
limits somewhat wide. Taking cheddar as & type of new-
milk cheeses, a pound of it will contain 7988 grains
(4°5 oz.) of albuminate, 2177 (5 oz.) of fat and 315 of salts ;
that is, twice as much of the first and nearly as much of the
second as fat beef or mutton, and nearly twice as much
albuminate, with about ten times as much fat as lean
meat, such as is usually found here. A pound of skim-
milk cheese will of course exceed the other considerably
in nitrogenous matter and fall below it in fat, a pound
containing 3136 grains (72 oz.) of the former, 441 (1 oz.)
of the latter, with 343 of salts.

318. Cheese, as might be inferred from its nature, is
very liable to decomposition. Casein appears to diminish
in amount and fat to increase. lLactic acid and certain
fatty acids are produced. The odor becomes highly offen-
sive, but many prefer the article in this condition, rather,
however, as & condiment than as afood. Thds putrefied it
can scarcely fail to be unwholesome except in small quan-
tities, when itis said to promote digestion. Cases are
reported in which fresh cheese has exhibited poisomous
. properties, supposed to be due to herbs in the pasture. It
will be safer, therefore, to use samples of known origin and
established charncter. V le growths, as the different
varieties of mould, flourish in decaying cheese, and the
common acarus mnltiplies. Flieslay their eggs in fresh
cheese, and the maggots mlaz diminish séensibly the nubri.
:::dpower of the food. ineral poisons are sometimes
, copper sulphate, for instance, and even arseniows
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oxide, to destroy the mites &c. and may be present in
excess, in the rind more abundantly.

319. The only[probable adulterations are starch, and
water in excesa. The former will be detected easily by
means of iodine.  Cheddar cheese contains about 36 per
cent. of water ; skim-milk cheese abont 44. o

320. The muscular and other tissues of animals supply
food rich in nitrogenous aliment and are almost universally
consumed. This kind of food will be conveniently con-
sidered under three heads—butchers’ meat (which we shall
call meat), fish (including molluscs and crustaceans) and

poultry.

321. The following table shows the compositions of
some ordinary kinds of meat :—

2 2
- 2_\
L
— *,;'EEE*. 4 1815
. -3 'H
SHEEIHEHRHE
E.g_ug,,gf'g.,ﬁg
&2 | 3 | & e |8 .5_-,:-,‘1
Nitrogenous
matters 276 119°3{14°8/18°3/12-4/16-3| 98| 88 71
Fat ‘e ‘e 1546 | 3-6/29-8| 49| 31-1/15-8/48'0/73-3/66°8
Salts .. . 296 | 51| 44| 48| 85| 47 28] 29 21
Water .. ..‘ 654+00 [72°0{61-0|72+0/530! 63-0; 30-0; 15°0] 240

822. Under the head of mEar it will be sufficient to
discuss beef, mutton and pork; bul:., bqeafo::;‘1 {:ahng‘th;;:
separately, some prelimi remarks, generally applicable -
foP:‘l‘l. o{ them, pha.ve m ma Thus the animals
intended for food should be of suitable age, in sound health
and in good condition ; their flesh, after theg have heen
slaughtered, should contain muscle, fat and bone in a
proper stath and in saitable proportions, and should be free
from entoxos, perfect or embryonic, and from putrescence;
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lastly, the meat should be properly cooked so as to ensure
digestibility.

323. The flesh of young animals contains a larger pro-
portion of water and is, therefore, less nutritious, weight
for weight, than that of the mature. It loses more weight
in cooking, especially when roasted. Old meat is toagh
and indigestible and deficient in fat. The proper age for
slaughtering and the means of estimating the age differ
according to the animal in qunestion.

324. When an animal is healthy its movements are
easy, its eyes bright, the nasal mucous membrane is moist
and red, respiration and circulation are normal, the breath
is sweet, the coat smooth, the excreta are natural.
Condition depends chiefly on the amount of fat, which,
when present in sufficient quantity, gives elasticity to the
soft tissues and suppleness to the skin. Deficiency in this
respect will be most apparent on the tubera ischii, the
false ribe and the mesial line of the belly.

325. Beasts should have fasted some hours before being
killed, because partially digested food readily putrefies.
They should have rested the previous day. The blood
should be removed as completely as possible, as its
presenoce in the meat, otherwise beneficial, favors decom-
position.

326. Meat should be inspected from eight to twelve
hours after slanghter. The muscles should be firm and
elastic, easily broken or torn, not pale (showing that the
animal was young or diseased) or too dark (as when it is
old or has died retaining the blood) ; section of the flesh
should show no darker color than is apparent on the
surface and should exhibit a marbled appearance from the
ramification of streaks of fat between the muscles; the
intermuscular tissue should be free from pus or other.fluid
and undne softness of this structure denotes incipient
putrefaction. The meat should scarcely moisten the

, bad meat being wet, sodden and flabby ; it shounld
have little or no odoy, diseased meat having & peouliar
sickly smell, especially if chopped up and drenched with
warm water; it should not shrink or waste much in cook-
ing; dried at 212° F. it should not lose more than 70 to 74
per cent. of ita weight, bad meat sometimes losthg 80 ; and
the juice shonld be distinctly acid. Decomposition in an
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early stage is shown by a paler hue, a more unpleasant
odor and & more friable consistence than those of fresh
meat. As the process advances, the color becomes greenish
and the smell offensive.* A long knifeblade pushed into
the meat will encounter varying degrees of resistance and
will smell disagreeably on withdrawal if decomposition is
too far advanced. Meat should be cooked when it has
arrived at a stage a little short of decomposition. Rations
of salt meat are often issued to troops &c., and care shounid
be taken that its quality and condition are good. Old
meat becomes when salted tough, hard and shrivelled. If
putrefaction had begun before the antiseptic was applied,
the odor will reveal the fact. A cask of salt meat should
be examined throughout to gnard against the fraud of
tainted or otherwise objectionable pieces being concealed
beneath good ones. The brine also should be examined,
a8 it is said to take mp so much organic matter, if used
several times, as to acquire poisonous properties.

327. Fat is not at all likely to be excessive in this
country. Meat should show a fair amount of it, firm,
healthy in appearance, free from heemorrhagic spots. The
guantity of bone varies with the particular joint, 20 per
cent. being about the average of the whole carcase, and the
proportion rarely falling below 8. The lungs and liver
_of slaughtered animals should be examined, to ascertain
the absence of multiple abscesses and of entozoa.

328. Cooking is intended to coagulate the albumen and
blood of the tissues ; to make meat more palatable by raising
its temperature and by developing flavors, and more
digestible by softening tissues;t and, lastly, to destroy
parasites. Fog the last purpose & temperature of 150° to
212° F. is necessary according to the species of entozoon.
In other cases the meat should be exposed for a few
minutes to a temperature of about the boiling point of
water, 5o that a shell of firmly coagulated albumen may be
formed, which will retain the juices, and afterwards the

* Meat in the earlier stage of (gutrescenm does not ap) to be
dangerous as food. Inlater oonditions irritant uots of decompo-
sition are generated and poisonous symptoms follow their ingestion.
1t is obvioualy a safe rule to avoid meat even slightly tainted.

+ Meat cocked before the rigor mortis sets in is mare digestible
than i longer kept. .
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heat should not be allowed to exceed 160° F. Heat for
oulinary purposes may be applied to meat in three ways;
either directly as in soasting, baking and broiling, or
throngh the medinm of water as in boiling, or through
a small quantity of water and its own juices, as in
stewing. Meat should never be cooked by contact with
a heated solid. All these processes should be conducted
slowly and at a low heat; otherwise they tend to impede
rather than to favor digestion, while valzable nutrient
material may be volatilized and lost.

329, When meat is roasted a considerable proportion
of water is evaporated ; some of the fat, the gelatine and
extractive matters are melted out and should be restored to
the diet; or their absence allowed for, in estimating its
value, if they are removed. Roast meat is less digestible
than boiled or stewed : and the action of & high temperature
on the superficial fat sometimes produces acrolein and
fatty acids which are apt to distress weak digestive organs.
Hence all baked or roasted meat disagrees with some
persons of weak digestion ; and frying or grilling is still
more likely to generate indigestible products.

330. The most economical of these processes is boiling,
and boiled meats, thongh less savory are more digestible.
It is, kowever, unsauited to thd flesh of yomng animals,
which includes much gelatine and soluble albumen,
The water should be boiling for five minutes and then kepy
at a8 temperature not exceeding 170° F, A large propor.
tion of valuable food, salts more especially, passes out into
the water; and 30 per cent. of the solid matter of the
lignid in which meat has been boiled hes been found to
consist of nutrient salts. It is obviously desirable, there-
fore, that this broth should be utilized as food, When
meat is destructively boiled, for the purpose of extractin
from it all its soluble material, it should be cut or raspu;g
as fine as possible, put into cold water with a little muriatic
acid and slowly boiled.*

831. Stewing is a process intermediate between the
other two. The meat 18 generally cut up and vegetablea

. * To make strong * beef.tea,”form:?lo,mineeone pound of beat

* and bray in stone mortar with 12 d;:{fs hydrochloric acid, add 1
pint of cold water ; boil slow]y for an hour; give one rapid boil

:::ﬁn_inthrougbacbth. every thing will W‘qugh
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often added. Its own juices with a little water maintain
an even temperature, which should be low. The loss of
weight need not exceed 20 per cent., which is chiefly due to
loss of water. Meat thus prepared is digestible and little
of its nutritive matter has been wasted.

332. The loss of weight per cent. due to cooking, in
some ordinary cases, is thus stated by Dr. Letheby : —

—_— Boiling. | Baking. {Roasting

Beef generally .. - . . 20 29 31

Mutton do. .. . .. .. 20 31 35
Legs of mutton . . .. 20 82 33
Shoulders of do. .. - .. 2 32 34
Loins of do. .. . .. 80 33 38
Necks of do. . o . 26 32 34
Average of all .. .. . . 23 31 34

Some samples of American pork lose as much as 50 per
cent. of their weight in bouiling.

333. Three conditions are necessary to putrefaction,
namely, mofsture, atmospheric air and & temperature
between 40° and 200° F. All preservative processes must
depend upon the exclusion of these conditions or on the nse
of chemical agents. Of the many plans which have been
adopted for the preservation of meat, salting is the com-
monest and in some sense the most economical. The ment
is either kept in vessels containing a saturated solution of
common salt, or such a solution is forced into the mass by
means of & suitable syringe. This method is effectnal but ia
attended with considerable disadvantages. The fibre of the
mea$ is hardened, so that slow and carefnl boiling is neces-
sary to prepare it for food, and after cooking it remains less
digestible than the fresh meat. Vinegar eaten with it as
8 condiment probably obviates in some degree the latter
disadvantage. The nutrient salts of the meat pass out into
the brine and are replaced by the latter, so that sodiunm
chioride is present in excess and other salts deficient. Btill
more of these are loat in slow boiling, necessary not onl
1o make the meat digestible, but also to remove as my
as possible of the salt ; while, owing to excess of chloride,
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the meat liquor is unfit for use.* Partially cooked meat keeps
longer than uncooked, but the flavor is injured. Meat
decomposes less readily in an atmosphere of sulphurous
“acid, or covered with charcoal or sugar, with strong acefis
or with weak carbolicacid. It may be kept sweet for years
in tins, either by excluding atmospheric air completely, or
removing its oxygen by means of sodinm sulphite, or by
substituting for it a mixture of nitrogen and sulphurous
acid ; heat being employed in all these cases, so that the
meat is partially or completely cooked. Meat more or less
fully dried resists decomposition and may be mixed with
antiseptics or condiments, or with other articles of food as
flour, starch or fat. Various extracts are prepared which
contain the salts and the soluble albuminates of the meat,
but these are rather stimulant medicines than foods, they
are incapable alone of sustaining life and health, they are
only to be used when meat itself is unattainable, and their
employment requires cantion, because excess is easy and
injurious.t

334. The advantages of meat generally as an article of
food are its composition, containing as it does albuminates,

# The following table shows the difference in composition of fresh
and ealt beef : —

—_— Fresh. Balted
Water .. . . 7590 4911
Solids .o . .. 24-10 50-89
100-00 100:00
Nitrogen per cent. . . 8031 4-631
Phosphoric acid do. .. 0-229 0'618

The brine of American salted beef has been found to contain
12-300 grma. per litre of albumen, 34:060 of other organic matters,
4-812 of phosphoric acid, 200071 of sodium chloride, and 36'577 of
other saline matters. Nitrogen amounted to 2'669 per cent. of dry
extract.

4 Lean meat contains about 25 per cent. of solid matter, the rest
being water. Of the former from 7 to 10 per cent. is sotuble in cold
water and rather more than half of this is coagulable by beat.
Henoe, if a cold infusion of meat is boiled, it retains in solution about
8 or 4 per cent. of the meat. Such a golution evaporated to dryness
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fat and valuable mineral constituents (potassium chloride,
phosphate and lactate, with iron and others) ; its having
these in & state of combination resembling that of the
human tissues ; its being easily cooked ; and easily digested,
more easily, probably than any vegetable food. Ita great
and obvious disadvantage is the absence of carbo-hydrates,
which are, therefore, in practice supplied by the addition
of bread, rice or potatoes. The nutrient values of the flesh
of different animals differ only in the proportion of fat and
by different degrees of digestibility. For regular use,
beef and mutton are the best animal food, venison, fish,
game and poultry being occasionally introduced for the
sake of variety.

335. The general signs of health in animals intended
for conversion into BEEF have been already given. Whether
certain diseases to which cattle are liable render their fiesh
unfit for human food or not is still undecided. It will be
a safe rule to sanction the slaughter of no animal for this
purpose which does not appear to be perfectly sound or to
be suffering only from the effects of surgical accident.
Emergencies may arise, a8 in sieges for instance, in which

yields Eztractum Carnis. It consists principally, therefore, of certain
acids, creatine, creatinine &c. with the soluble saline constituents of
the meat. It contains from 41 to 60 per cent, of water, from 22 to 41
of organic matter and from 8 to 16 of salts. Its reaction should be
always acid. It contains no albumen, fat or giuten, and represents
mereY soup or beef-tea made from meat. To use it as a nutrient,
therefz;m, it must be mixed with beans or pense or some other nitro-
genous food. Its physiological action, used alone, is restorative
rather than nutritive and more analogous to that of alkaloidal bever-
ages than of foods proper. The following table gives the percentage
composition of mnne‘0 of the extracts known in commerce :—

Liebig's
Company. '*g
B

te-

Company,

. America.

Sydney.
French

HIE

Water . .. | 1866 | 1600 | 17-06 | 16:50 | 24-49 | 2082
Extractive soluble in
alcohol .o | 454315300} 5128 1 98:00 | 2208 } 18-37

Do. insoluble ve | 13°93 | 18:00 | 10°57 | 46°00 | 44°47 | 59°10
Mineral matter .. {22:08 (1800 21°09( 930, 896{ 672
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necessity will demand some relaxation of this rule and
discrimination with respect to the disease, but such cases
are obviously exceptional. Epizootics with their symptoms
and their probable effect npon the flesh of the subjects
will be considered hereafter.

836. The age of the bullock or cow should be between
three and eight years. It may be known to a& certain
extent by the rings on the horns and with sufficient
certainty by the teeth. Each ring represents a year up
to the fifth; but after this age the first three rings become
obliterated. An animal, all whose horn-rings have dis-
appeared, is probably eight years old af least. In the
fourth year the permanent teeth are gemerally in their
places; in the fifth the edges of the incisors are slightly
worn down; at six years the first molars are worn to s
level with the incisors; at eight they are considerably
worn; when the upper surfuce of the teeth show a
mark, either square or round, the animal is too old for
guod beef.

387. The weight of meat obtainable from a bullock
may be ronghly ascertained before death by measurement.
Length from behind scapula to root of tail and girth behind
scapul®, multiplied together and the product by 3:36 give
the weight in pounds; and 60 per cent. of this may be
counted as beef ; the head, feet and internal viscera {(except
the kidneys) not being included. The weight of an Indian
bullock rarely exceeds 150 1bs.

338. Measles in beef, that is, its special Cysticercus,
may produce the Tenia mediocanellata in those who eat it.
The small ronnd bodies are readily visible and should be
songht for in the psoas muscle more especially. When
they are very numerous the meat crackles when cut.
Efficient cooking destroys their vitality, which is unaffected
by salting.

839. The nutrient value of the muscles and other
of the bullock will be best shown by a statement of the
insntity of each alimentary principle in one pound, as

own in the following table :—
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Albuminate,| Fat, | Salts,
grains, grains. 5

Lean beef ‘e . . 1,351 252 357
Fat do. .. .. ‘e . 1,036 2,086 308
Liver P .o .o .. 1,323 287 210
Tripe e e e 924 1,148 | 168
Veal o e e 1,166 1,106 | 329

»

340. Bone is not by any means destitute of nutritive
power. To obtain as much aliment as possible from bones
they should be crushed small, boiled for 15 minutes (in
an iron vessel) and the fat skimmed off when cold. They
should then be ground and boiled in the same water, made
up to ten times their weight, nntil the bulk is rednced one-
half. The jelly resulting is a very incomplete nutrient.
Joints are on the whole less valuable as food in proportion
to their amount of bone. The neck and brisket of beef
include about 10 per cent. ; shins and legs from 33 to 50,
The most economical pieces of the animal are the round,
the rump and the brisket.

841. A sheep should be from 18 months to 5 years old
for mutton. At the former period it will have four or
five pairs of permanent molars: after the latter the teeth
will l'l))egin to show wear, An Indian sheep weighs from
25 to 85 pounds, and gives 60 per cent. of meat. The
Btrongylus filaria is often found in the lung, causing
phthisis, and the Distoma hepaticum in the liver. The
snimal is subject to many diseases, essily recognizable
during life. A pound of lean mutton yields 1,281 grains
of albuminate, 348 of fat and 336 of salts; the correspond.
ing numbers for fat meat being 868, 2,177 and 245
respectively. The leg is & more economical joint than
the shoulder. Mutton.broth is intermediate in strength
between chickensbroth and beef-tea. @oats’ flosh is inferior
to sheep’s in flavor and probably in proportion of fat.
Vonison is no less nutritions than beef or mutton and ia
generally more easily digested. It contains more blood
than regularly slaughtered meats.

342. Pork, bacon and ham are, a9 a general rale, nutri.
tious and wholesome articles of food. In this country,
however, where pigs*are the most efficient scavengers,
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there is a well-grounded prejudice against their flesh
Diarrheee is said to be sometimes caused by eating pork
although the animal appeared when slanghtered to be ir
perfect health. Careful and thorough cooking is necessary
1n order to destroy the entozoa wi&n which this animal i
more liable to be infested than the ox or the sheep and
which are capable of setting np disagreeable, dangerous
and even fatal diseases in those who swallow them.
Thoroughly cooked flesh, however, of carefally and cleanly
fed pigs is an excellent food, exceeding mutton and beef
in proportion of fat and, therefore, suitable for use with

oultry or rabbits, which are deficient in that particular.

lack.-pudding, prepsred from pigs’ blood mixed with goats'
and fat contains 11 per cent. of nitrogenous aliment. A
full.grown pig weighs about 150 1bs,, of which from 75 to
80 per cent. is capable of use as food. The leg of pork, as
of mutton, is more nutritive, weight for weight, than the
shoulder.

343. The nutritive value of pork &c., and especially
their abundance of fatty food, will be apparent from the
following table :—

. Albuminate, |Fat, grs. [ Salts, %rmina
graingin lb. | in Ib. in Ib.
Fat pork ‘e .. . 686 3,423 161
Green bacon 497 4,676 147

Dried do. .. .. ] 616 5,181 203

344. These foods contain little water and lose little
weight, from 10 to 15 per cent., in cooking; with .the
exception of some kinds of American bacon which, derived
from animals fed upon oil-cake or oily nuts, contain &
more diffiuent fat than ordinary specimens, much of which
melts out in cooking. Nitrogenous food, it will be observed,
is comparatively deficient. Hence pease in some form
is often added to pork and bacon to supply the want.

845. Two parasitic diseases are communicable by pork
to those who eat it. The Cysticercus celluloscs is often present
in the muscles in great numbers, especially immediately
beneath the skin, which is elevated into prominences

pularly called “measles,” which are also plainly visible
in the flesh after death. The inner'surfaces of the eyelids
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gnd the under surface of the tongue exhibit these little
rotuberances in mensly pigs. The necks of animals thus
iseased are sometimes thickened. In the intestinal tract
these entosoa become developed into the Zwmmia solium,
unless their vitality is deatro{ed by carefnl cooking or
smoke.drying at & considerable temperature. Salting is
powerless to destroy them. The I¥ichina spiralisis the
immature condition of a minute thread-worm which
inhabits the intestines of several species of animals. The
embryos are hatched in the bowel, through the wall of
which they bore and disperse -themselves throngh the
muscles, causing a severely painful and not nnfrequently
fatal disease called trichiniasis. About a fortnight after
birth the trichine become fully developed and are encap-
suled in calcareous matter in the muscles, in which
condition they may remain inert for years. When meat
containing these encysted trichins is swallowed the entozon
are liberated in the intestinal tract to produce innumerable
embryos, to act as above described. If encapsuled, the
round specks will be visible to the naked eye ; if not, a low-
power microscope will snffice for their detection. A thin
slice of the suspacted flesh (the muscles of the eye being &
robable habitat) is allowed to remain for a few minutes
in liguor potasse diluted with eight parts of water; the
muscle will become clear and the trichina visible. A drop
of dilute hydrochloric acid will dissolve thm;wule, if
present, and disclose the worm coiled” upon itself. They
are sometimes detectable during life in muscle réemoved
from beneath thé tongue. Thecoiled parasite should be
distinotly seen, or psorospermia (which do not :Epear to
be hurtful to those who eat flesh infeeted with them,
though they canse illness to the hosts) may be mistaken
foru&em. Nothing but thorough cooking can be relied
upon to render meat containing trichine wholesome.
Presh meat retaining s red color is insufliciently -cooked.
Under no circumastances should pork or baconor ham.or
sansages be eaten raw, v
848, Sausages are theoretically made with pork; but
meﬁ@uﬁdmmmhm s whigh Eave
st of disaase or of healthy snimals not consideed
VREETTL 1 : i ‘ .
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879, The use of baking-powders supplies the needful
earbonio acid withont diminishing the natrient properties
of the flonr. They oconsist of an alkaline carbonate—
sodium or ammonium—mixed with an acid, as tartaric or
citric.* . The powder is carefully diffased, with the -salt,
through the flour ; and when water is added and the dough
forml:g carbonic acid is disengaged throughout the mass.
Sometimes the carbonate only is added to the flour and an
acid, one of those named above, or phosphoric or hydro.
chlorict or lactic (in the form of sour milk) is mixed
with the water. The dissdvanteges of this method are the
difieulty of equably diffssing the powder through the
dough and the risk of a disagreeable fiavor being commu.
nicated to the bread by the salt resulting from -the
chemical decomposition which generates the gas. Dough
thus prepared must be baked at once.

880. Good bread should contain nothing bit flour (with
or without the inner bran finely und), salt, a little
sugsr, and water. Milk may be added if the bread is to
be consumed immediately, otherwise it becomes acid soon.
The water should not exceed 45 per cent., but 83 per cent.
is quite enough. Excess of water diminishes the nutritive
value of the bread and repders it more liable to fungons
organisms. The crust of the baked loaf should not fall
below 30 per cent. of the weight; it should be firm and
not over-baked. The vesication of the cromb shonld be
perfect : the cavities small, regular and present in every

rt; their walls soft. The color should be nearly white

pure flonr only were nsed; brown in proportion to the
 sdmixture of bran : a yellow hne denoting the use of old

and changing flour. No acidity should %e tasted, even
when a pisce of the bread js held for a considerable time in
the mouth ; this wonld imply acid Sour or sour ferment.
The loaf should be specificslly light ; Lisavy, sodden bread
being indigestible and indicating bad flour, bed yeest or
unskilful preparation. . : =

881, Further exsmination of bread may be sowetimes - desicelly’
$o asoertain the propartion of waber or the smouns of acid which it

* For cxample, 1 pazt of fartario acid with ‘1§ parts ol sodtem
cafbomnte sud ' of o, dry starch. S ermman. yonat’
{o" e dey rosdne ‘of ekt opinad o Seemen 7
mw ”%wym&mmm
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contains and to detect adulterations. A known quantit{()being par-
tially dried, powdered and exposed to a temperature of about 240° F.,
the loss of weight represents the water. The acidity may bo known by
noting how much of an alkaline solution of known strength is required
to neutralize some distilled water in which & known weight of the
sample, slightly dried and powdered, has been steoped for 24 hours.
Comparison should be made with the result of a similar experiment
on bread of recognized soundnees.

382. The only adulterants requiring to be noticed are
rice, millets and alum. Rice absorbs much water, making
the bread heavy, closer in texture and impgrfectly vesicn-
lated. The dry grains, even in small amount, darken the
bread, and the microscope may be useful in detecting their
presence. Alum is added to check excess of fermentation
and to enable old and changing flour to be made into bread.
It whitens bread also. Its presence, therefore, is always
suspicious. If distilled water in which half a pound of
bread has been steeped is filtered and gives no precipitate
on the addition of a few drops of hydrochloric acid and
solution of barinm chloride, alum cannot have been
preseut. A sulphate in the water or in the salt with
which the bread has been made will give a precipitate ;
these ingredients should, therefore, if possible, be examined
before inferring the presence of alum from the formation
of a precipitate. The log-wood test is relied upon with
confidence by some chemists. The bread-crumb is soaked
for six or seven minutes in a tincture of log-wood, alkaline
by ammonium carbonate, and squeezed. Two grains of
alum in the pound will give a light-blue color, greater
quantities darker blues up to 8 grains when gradations
cease to be distingnishable.

883. The ill-effects which may follow the use of un-
wholesnme bread arise either from bad flour, or from
improper preparation or from the addition of adulterants,
as alum. Flour undergoing fermentation produces dys-
pepsia, flatulence and diarrhcea. Ergoted wheaten flour is
rare, but its consequences are serious, such as severe
gastro-intestinal symptoms followed by fever and prostra-
tion. Acid flour makes acid and disagreeable bread. Ill.
raised or imperfectly baked bread canses dyspepsia and
diarrbea. Nutritive power is diminished by the admix-
ture of inferior grains; and also by the use of ajum,
which combines with phosphoric acid to form an insoluble
phosphate. Alum in large amount is liable also to act
astringently and produce constipation.
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384, Barley is iuferior to wheat in nutritive value, being
comparatively deficient in nitrogenous constituents.* Pearl
barley, the seeds completely freed from the husk, alone
requires notice here. Boiled and eaten with milk it is &
valuable food for invalids and children. The decoction is
a nutritions drink. The barley should be free from insects
and other dirt.

385. Oatmeal, weight for weight, contains more nutri-
tive material than wheat flonr, to which it is inferior only
in starch, exceeding it in fat more especially. A pound of it
affords 882 grains (2 0z.) of albuminate, 392 of {fat, 4,088
(9'8 oz.) of starch &c., 378 of sugar and 210 of salts. It

" is readily cooked, either by boiling or by making into
cakes ; but, containing little or no gluten, it cannot be
made into bread. It includes a good deal of indigestible
cellulose and the husk is irritant unless finely ground, but
it is capable of being used as the staple article of food for
long periods. The decorticated grain is called groots and
is used for making gruel ; and the husks or * seeds” when
steeped in water for a few days, until they become a little
sour, yield a liquid which, boiled down to the consistence of
gruel, is called flummery or sowans. The coarser oatmeal is,
the more prolonged and careful should be its cooking.
Adulteration with cheaper grains is common and requires
microscopical examination for its detection.

386. Indian corn or maize is not much used in this
country for human food, although it is a highly nutritious
grain. Boiled in the cob, in water or milk, before ripeness
it is excellent as a ““ vegetable.” The ripe seeds are hard
and covered with a silicious husk, and careful cooking is
necessary to render the meal digestible. It should be
steeped in water for two or three hours and then boiled
slowly for four or five, making & kind of porridge. A
pound of the meal contains 777 graine (1'8 oz.) of albumi.
nates, 567 of a peculiar yellow fat, 4,529 (10'3 oz.) of
starch &c., 28 of sugar and 119 of salts. It is said to be
unfit for prolonged use as a staple food, producing disease
and ultimately death. When the flour of this grain is
treated with a weak alkaline solution, which modifies the

* A pound of barley meal contains 441 grains (1 o8.) of albumi-
nate, 168 of fat, 4,858 (111 or.) of starch, 848 of eugar and 140 of
alts. The buek is very irritating to the intestines,
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harshuess of its flavor and removes all its gluten, it forms
such preparations as Corn Flour, Oswego Flour, Maigena
&c., valuable accessory foods, but unfit for exclusive use.
These substances, though called flours, are only starches
and by themselves incapable of supporting life.

387. There are four other cereals, whose seeds form the
staple food of large numbers of the inhabitants of this
country, and which belong to the class of millets. They
are sometimes called dry grains from the mode of cultiva-
tion, without such artificial irrigation as rice requires.
These are cumboo® or bdjra, cholamt or jawdree, rdgee} and
varagoo.§ As a class they form a more nutritious dietary
than rice, and their average composition may be taken as
nine per cent. of nitrogenous aliment, 26 of fat, 74 of
carbo-hydrates and 2'3 of salts. More accurately, their
composition is given as follows :—

o Penicillaria | Sorghum Panicum
spicata. vulgare. miliacenm.
Water .. . . 11-80 11-96 1222
Albuminates .e .. 10°13 864 927
Dextrin .e . e 3-82 0-13
Sugar .. P . . 146 1-80
Fat e .. . 462 390 743
Starch ., .e .. 71-75 70-23 5904
Silica .. ve . .. - 0-11

388. In the following Table the nutritive value of
these grains is shown by the quantity of each alimentary
principle in one pound of the meal freed from outer
busk :—

— | ,Cumboo. | Cholum. | Vamagoo.
Albuminate.] 709 grs. (1'6 0z.)) 605 grs. (1'4 0z.)] 649 grs. (16 oz,
Fat . " ( ) ng: ( ) 620 ,, El'zo;.
Starch &c. |5,022 ,, (11'6 02.)}5,188)) ,, (11'B0z.)}4,771 ,,(10°D 0z.

u, e ens 102
Balis® .| 182 gra. ue ., 210
* Ponicillaria spicata. + Sorghu.;x or Panieum vulgare.
1 Eleusine corocans. ‘j Panicom miliscenm.
Husks jncluded.

|

g Theuhofthmlwlnwhen ed from silica (of which there is
& considerable quantity) consists of about 50 per cent. of phosphoric
acid in combination with magnesium, potassium and a little sodium.
It contains no lime. '
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389, The first three of these grains are prepared for
food by removing the outer husk, grinding the remainder
into meal and making with this either cakes or a kind of
thick porridge. In the case of rdgee more especially
complete comminution and careful boiling are necessary
to obviate indigestibility, leading to diarrhcea and insuffi-
cient nutrition. Varagoo is generally cooked in the same
manner a8 rice; that is, boiled carefully and eaten whole.*

390. The last group of highly nitrogenized alimentary
substances are the PuLsES, the seeds of leguminons plants.
These contain a large proportion of an albuminate called
legumin or vegetable casein; which is coagulable like
casein, 80 that cheese is prepared from it in China.
Owing, however, to their comparative indigestibility by
man they are inferior as food to the flesh of animals and
are incapable of being digested in safficient quantity to
support human life by themselves. Added in small amount
to starchy or fatty foods they are of great value; eaten,
for instance, with rice in India or with fat pork or
bacon in Europe and America. They keep well, although
becoming harder by time and requiring more careful
preparation. They are rich in sulphur, potassium and
calcinm, but inferior to the cereals in magnesium and
phosphoric acid. They require slow and protracted
boiling, and, if old, should be steeped for 24 hours and
crushed before attempting to cook them for food. The
water should be soft, as lime forms an insoluble and
indigestible combination with legumin. Lastly, unless
when the seeds are fresh, the husk should always be
removed.

391. Many species of leguminose yield seeds which are
used as food in India. They differ in flavor and in popu-
larity, but little in nutritive value or digestibility. The
following Table gives the composition in grains of one
pound of the most ordinary pulses of the country :~—

* The manufacture’of rigee or cholum bread has never yet been
tried, but from the known nutritive value of these grains, they would
probably yield a very wholesome bread. The Italians make their
very finest bread of the Panicum itMicum, & millet.
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Baténi, | Toor, | Masoor, | Kooltee, | Chenna
— (Pisum | (Cajanus | (Ervum | (Doli- (Clicer
‘ Isativum).| indicus).| lens). | chos). |arietinum).
i Albuminates .. 1,957 } 1,563 | 1,760 I 1,629 I 1,682
tFat .. .. sl e ] usl ise 263
| Carbo-hydrates.. | 4,135 | 3,106 | 4,180 | 4,157 ' 4,422
;Salts e 174 218 | 134 1 223! 182
: i ‘

892. The first of these is the ordinary garden pea. Toor
and masoor, under the common name of dhal are the
favorite pulses added by the natives to their meal of rice ;
the latter being also the basis of the * delicions Revalenta
Arabica food.” Khooltee is the nsual food of horses in
Southern India and is generally boiled, thus losing some
of its nutrient properties. Chenna steeped merely in cold
water is used for the same purpose in other parts of the
country. The Kasiree dal (Lathyrus sativus) 18 & poor and
innutritious pulse, which is said to produce paraplegia if
ullowed to form the principal article of food.

393. By combining an alimentary substance of this class
with flesh and fat, concentrated foods of great value may
be prepared. Of these, erbswurst has stood the test of
actual employment in a campaign. It consists mainly of
pease-flour with which meat and fat are intimately mixed,
the whole being enclosed ina case like an ordinary sausage.
The outer coat of the leguminous seeds is removed and the
fascia and areolar tissue of the meat : both are then haked,
ground and mixed with fat, salt and pepper. A highly
nutritions and agreeable soup is readily prepared from this
sausage; and one weighing a pound supplies a sufficient
meal to threemen, %h contains 861 grains (1'Y oz.) of
albuminates, 2,352 (54 oz.) of fat, 2,149 (49 oz.) of carbo-
hydrates and 504 of salts. The process of manufacture is
not published but imitations can readily be made.

$394. Almost all the articles of food which have hitherto
been mentioned contain fat in greater or less proportion.
The quantity thus supplied, however, is insufficient for the
wants of the system and the deficiency is made up by the
use of animal or vegetable ¥ats. The former are more
widely employed, and, (as has already been remarked), are
more readily assimilated than the latter. Butfer or ghee
is the most extensively used of the animal fats ; suet, drip-
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ping and lard will also require notice. Very many vege-
table oils are used for food, differing in price and flavor but
not at all in dietetic value. All these fatty substances are
mainly composed of the solid fats stearine and palmitine
and the liquid fat oleine, the liquidity of the particular
substance depending upon the proportion of the last which
it includes.

395. Dripping is the fat which is melted ont from
roasted or baked meat; and, retaining some of the
aromatic principles of the latter, it is superior in flavor to
lard—the ““leaf-fat ” of the pig—the two being equal in
other respects. Suet is the visceral fat of beef and mutton,
and in nutritive value closely corresponds to butter. Its
bardness and its inferiority in flavor prevent its use in its
natural condition, and it is best employed, cooked along
with flour, in puddings &c. It should be chopped small
for this purpose, to ensure thorough intermixture with the
flour and to promote digestibility.

396. When milk or cream is briskly agitated for some
time, the fat-globules become aggregated into little
masses of butter. It contains (besides fat) milk, water,
some casein ; and salt is almost always added toit. Itisa
wholesome and easily digestible article of food. When
boiled and strained, so as to remove the casein and nearly
the whole of the water, it constitutes ghee, which has all
the advantages of butter for culinary purposes and which,
when pure, may be kept without rancidity for an unlimited
time.

897. Butter, unless intended for immediate use, should
be washed quite free from milk; a sour smell indicates
that washing has not been complete. It should be homo-
geneous in color, streaks indicating admixture of foreign fat;
salt should not exceed 8 per cent., 2'5 being the average
proportion. It should contain not less than 80 per cent.
of butter-fat and water should range from § to 18 per
oent.

898. The presence of casein in butter and the putrefac-
tive changes which it undergoes are the chief causen of
rancidity ; and this is productive of dyspepsia and other
derangements in those who use the food. The lgss casein

t, therefore, the better is the butter. If a simple be
ted ina test-tube the melted butter in the upper portion
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should occupy at least twice as much space as the unfased
casein below. A more accurate estimation may be made
by weighing the residue after the fat of the butter has
been dissolved out by hot ether. The weight should not
exceed 5 per cent. of that of the butter.

399. The commonest adulterants of butter are water and foreign
fats, The examination of & sample is thus performed. About one

in is dried in a emall platinum dish over a water-bath, for three
ours, and thereafter at hourly intervals until the weight is constant.
The loss of weight is water. The dry residue, dissolved in dry ether,
and again evaporated to dryness, gives faz. The detection of forei
fats is made by determining the percentage of insoluble fatty acids
obtainable from the sag:f:le, which should not fall below 88-5. The
provess is described in Messrs. Helmer and Angell’s work, Butter, its
Analysis and Adulterationa.

400. Butter is preserved by the addition of salt, in
proportion varying from four to eight per cent. On the
small scale, sugar with a little salt 1s & good antiseptic and
corns of black g)epper are said to be useful aids. Water
containing half an ounce of acetic or tartaric acid in a
gallon will preserve butter in a closed vessel for a consid-
erable time.

401. The carBO.HYDRATES include the starches and the
sugars. Under the former head it will be sufficient to
notice the potafo and such snbstances as arrow-root, sago,
corn-flour &c. which consist almost entirely of starch. Cane-
sugar and palm-sugar are the only members of the second
group which require remark.

402. The potato contains a large proportion of starch
and some valuable salts, besides small quantities of albumi-
nates, of fat and of sugar. Water amounts to 75 per cent.
. 'Thus one pound of potatoes yields 1,316 grains (3 oz.) of
starch, 214 of gngar, 147 of albuminate, 14 of fat and 49
of salte.* The addition of nitrogenous and fatty foods
to a potato dietary is, therefore, necessary. Under ordinary
circumstances the potato is chiefly valuable as an anti-
scorbutic, that is to say, for its saline constituents; but it
has a high nutrient value in other respects also, its starch
being abundant and readily digestible. When no other
vegetable is obtainable the allowance of potato should not

below haif a pound a day.

* Payen’s analysis of the potato gives :—albuminates 2:50 per cent.,
M#’;o, cellnloss 1'04, eugarand gum 1409, fat 0-11, &":" 1-28,
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403. The salts of the potato vary from 07 to 1'5 per
cent. The most important are those which on incineration
or by digestion form carbonates, as the tartrates, citrates
and malates, Potassium is the base most abundantly"
present, others being magnesium. calcium and sodium,
Phosphoric acid contributes about 10 per cent. of the ash.

404. In choosing potatoes, moderate size, firmness of
structure and absence of appearance of disease on section
should be attended to. After cooking they should be mealy,
not damp or waxy, as they are likely to be if grown in damp
soil. When kept long they become dry and shrivelled,
losing not only water, but also much natritious matter ;
they are also liable to germinate and so to deteriorate
congiderably in valne. The specific gravity of a potato
should not be less than 1,105.

405. Potatoes should be cooked thoroughly and slowly,
ensuring the disintegration of the starch-grannles withount
hardening and rendering indigestible the small quantity of
albuminate present. When they are merely one of several
accessory vegetable foods supplied in abundasce, the manner
of cooking matters little, provided these conditions are
fulfilled : but, when a fixed ration only is supplied, it is
desirable to prepare it so as to secure as much as possible of
the salts. For this purpose boiling (or steaming) is better
than roasting ; a pound of potatoes losing about half an ounce
in the former process and two to three ounces in the latter.
The skin should not be removed, because from one-fourth
to one-third of the weight is lost when potatoes are peeled
before boiling, while after boiling the peel removed does
not amount to one-sixteenth ; the skin besides prevents a
large proportion of the sults from pussing into the water.
The addition of common salt to the water diminishes the
loss of salts due to boiling.

406, The great antiscorbutic value of the potato renders
its preservation for use on voyages, marches &c. a matter
of great hygienic importance. On the large scale the tubers
are kept for many months in heaps protected from the
atmosphere by straw and a thick layer of earth. For
shorter periods they should be placed on dry sand, not in
contact with each other, occasionally turned; and any
showiug signs’ of decay should beat onceremoved., Boiling
for a few minutes renders potatoes less liable to rot.
Peeled, sliced and stored in casks in layers alternating
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with molasses, they will remain unchanged for an indefinite
period. Sliced, carefully dried and reduced to fowder, they
retain most of their valuable properties. In Edward’s
patented process boiled potatoes are granulated by forcing
them through a perforated plate and then dried.

407. The other starchy foods differ from the potato,
in that they contain practically nothing but starch and
water; of the latter 15 to 20 per cent. They are identical
in chemical composition and in nutritive value ; they differ
in flavor, digestibility and price. They form emnulsions
with water, and when prepared with milk are useful foods
for invalids and children. Without milk they are only
partially digested, especially by the latter, and if fully
digested are obviouslyincapable of maintaining health or life.
Several starches are included under the name of arow-root ;
the principal of which are the West Indian, or “ Jamaica,”
obtained from the Maranta arundinaces, the * Portland”
from the Arum maculatum,” “Tous-les-mois”’ from the
Canna edulis, ** East Indian’’ from the Curcuma angustifolia,
“ Brazilian ” from the Manihot utilissima, * Tahiti” from
the Tacca oceanica and pinnatifida. All these should be
white and should form a firm jelly immediately when hot
water is poured on, this jelly remaining unchanged for three
or four days. Such taste as they have should be agreeable.
Under the microscope the granules of Maranta starch are
ovoid, with distinctly marked concentric lines and a hilam
at the larger end. The granules of Curcuma are large and
oval, with distinct but imperfect concentric lines and an
indistinct hilum at the smaller end. Both these arrow-
roots, but especially the former, are liable to adulteration
with other amylaceous smbstances, and most commonly
with potafo-stargh which is cheap.  This substunce is called
Juariia and makes a goud jelly, which, however, turns thin
and sour in twelve hours. Its granules are large and
pyriform, with a hilum at the smaller end, and swell under
the influence of weak liquor potassw. Zupioca is obtained
from the pith of the Jatropha manihot, dried and partially
cooked on hot iron plates. It is steeped in cold water
before proparation as food. The starch-grains are small,
with concentric markings and a central hilom. Sago is
prepared from the pith of the Sagus levis and other
palms. The granules are irregularly pyriform, with
slightly marked lines and a stellate hilam at the smaller
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end. Corn-starch, corn-flowr,* Oswego flour are the starch of
maize, and their polygonal granules are easily recognizable
under the microscope. ]

408. Two kinds of sugar, both sucroses, are in common
use in India ; one obtained from the juice of the sugar-cane,
the other, called jaggery, from the sap of date, palmyra
and other palms. The latter, owing to its imperfect
preparation, is much inferior in sweetening and nutritive
power and corresponds to unrefined cane-sugar rather
than to the more or less crystallized substances usually
employed. The Acarus sacchari will be found in most
samples of unrefined sugar, if two or three drams be
dissolved in & large glassful of tepid water and allowed
to rest for an hour or two : the mites will be seon on the
surface and on the side of the glass. The ash of raw
sugar ranges from 049 to 0'61 per cent. Crystallized
sugar should be nearly white, dry and entirely soluble
in water. The last quality shows freedom from the
ordinary adulterations, sand and flour ; the admixture of
the cheaper grape-sugar being highly improbable in this
country. The white powdery sugar obtainable in most
bazaars generally contains a considerable proportion of
insoluble material. Sugar includes on the average about
5 per cent. of water ; the uncrystallizable part of the juice,
constituting treacle or molassss, containing about 23 per
cent.

409. In dietetic value honey is equivalent to the grape-
sugar of which, partly crystallizable partly not, it chiefly
consists. Its flavor varies with the kind of flowers from
which it is produced : Narbonne honey, for example, being
derived from the flowers of rosemary and other labiate.
It is occasionally poisonous, when obtained from certain
poisonous plants, as azaleas. In Europe adulteration is
common and the necessity for analysis is indicated if the
sample yield an appreciable amount of ash, that of pure
honey, being a mere trace.

410. The principal nutrient value of the foods classed
under the head of ‘‘ vegetables’ lies in the sarTs which
their juices contain. Besides this advantage they are
valuable for imparting flavor and variety to an otherwise

# Some ¢‘ corn-flours’’ are rice starch.
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monotonous dietary. They should be considered an
indispensable element of diet, the absence of which
inevitably leads to a scorbutic condition of health and to
ixmres,sedy liability to epidemic disease. The kind of fresh
vegetables supplied is of little importance, the natritive
value of most of them being, except as regards salts,
insignificant. Parsnips (which are, however, rare in this
country) and earrofs are somewhat superior to others,
Turnips contain even a smaller amount of solid nutriment,
their percentage of water being 91. Onions are superior
to turnips in nutritive and antiscorbutic power, while
their essential oil enables them to act also as a condiment.
The yam and the sweet-potato are intermediate in power
between vegetables and the potato, and may be used
instead of the latter when not obtainable. It is to be
remembered that when ordinary vegetables are scarce or
cannot be had almost any fresh herb not actually poison-
ous should be added to the dietary, especially in the cases
of prisoners and of soldiers in the fisld. Salt is sometimes
added to the water in which vegetables are boiled, with a
view to preserving their color. It makes them harder
than they would otherwise be.

411. The following Table shows the nutritive value, in -
grains, of one pound of each of the vegetables mentioned
above¥ :—

3 g, 5%; .

_— FlEs|2 32 | S
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Albuminates .. |+ 16| 77| 91| 88| 63| 106 | 140
Fat .. ..| 35| 36| 14.. 63 n|
Starch &c. .. 672 | 688f 357 1,260 |1,470
Sugar .. .. 408} 406 | 427 147} L416 ) "6 | Ty
ts .. ..| 42| 70| 70| 42" 13| 203| o1

412. Fresh vegethbles are sometimes unprocurable,
especially on the line of march or in newly oceupied stations.

® Mushrooms contain a high proportion of albuminates—328 grs,
in 8 pound, but it is difficalt to distinguish edible from poisocnous
fungi. Their other constituents, in grains per pound ave :~—fat 28,
starchy and saccharine matters 242, salts 32.
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Under such circumstances advantage should be taken of
the infinite variety of fruits which India supplies. At all
times this resource should receive greater attention than it
usually does and fresh or boiled fruits should be occasionally
substituted for a vegetable ration. Very many common and
cheap fruits contain citric, tartaric, oxalic, malic or other
organic acid in combination with alkalies or alkaline
earths and are powerfully antiscorbutic in properties.
Many are grateful as well as useful in the raw state, others
require the addition of sugar and boiling or stewing to
make them palatable. Some (as the plantain, which
contains about 27 per cent. of solid matter of equal
nutritive value with rice) are useful as proper foods.* The
freedom of the poorer classes of the native population of
the country, uunder ordinary conditions, from scorbutic
affections, may be attributed to their constant use of their
acid and sub-acid fruits.

413. In the following Table the nutritive values of some
fruits are given in grains per lb. :—

i I
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Albuminates ... L 150 88 .. 31 58 32 18 337 33 38
Sugar ... .| 831} BO | 4,060 564| 96| 111} 480 207 | 330
Free noid (as malic) ... | 78168 | .. 950 71| 43 5 } 1,376 87 85
Poctous substances ... | 272) 75 | ... 84} 1011 91| 323 41 167

Ash ...{ 83 62 .. 32 33 32‘ 23 55 25

414. Failing a sufficient supply of fresh vegetables or
fruits, the necessary antiscorbutic element of food should
be supplied artificially, either by preserved articles or by a
ration of lemonsjuice or lime-juice.+ This contains free citric
acid, a little combined malic and phosphoric acids and
potassium ; the first being the essentfhl constitnent. The

+ On the western coast of India plantains entor very largely into
the dietary of the people, The fruit is usually sliced and fried
in ghee, and a little salt added, and in this condition the plantain
occupies the place of the potato in European ‘dietaries.

* The lime contains more citric acid than the lemon.
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juice is prepared for the market either by boiling or by
adding 10 per cent. of u strong spirit, brandy or whiskey,
to it. When neither fresh nor dry vegetables can ge
procured, one ounce of the juice should be issued daily to
each man, with half ite weight of sugar to render it pala.
table. This quantity will generally contain from 25 to
30 grains of anhydrous citric acid, about 0:5 gr. of potash
and 0835 gr. of phosphoric acid.

415. The characters of good juice are;—freedom from
turbidity and maucilaginous deposit ; acidity of taste withs
out bitterness; a peculiar, essily recognized, fragrance of
the juice itself and of its extract prepared by careful
evaporation ; alkalinity of the ash ; a specific gravity (after
removal of spirit if present) not below 1,030 ; acidity of
not less than 30 grains per fluid ounce, reckoned as
anhydrous citric acid; and freedom from adulterstion
with tartaric, sulphurfe or hydrochloric acid.

416. In the examination of the article with reference
to these points the specific gravity is determined after
evaporating to one-half and making up to original bulk
with distilled water, so as to eliminate the effect of any
alcobol which may have been added. The acidity is
asoertained by means of the standard alkaline solation (441)
each c. c. of which represents 0:0064 grm. of citric acid
per litre, or 028 grain per ounce. It will be more
convenient to dilute 10 c.c. of the juice to 100 e.c. with
distilled water and to determine the acidity of 10 ¢.c. of
the dilation, equivalent to 1 c. ¢. of the juice itself. Tartaric
acid will be detected by~ the precipitation of the acid
potassinm tartrate in 24 hours after the addition of a little
solution of potassium acetate to the suspected juice;
sulphuric by dilute hydrochloric and barium chloride ;*
hydrochloric by dilute nitric and silver nitrate.

417. In the absence of vegetables, fruits and lemon-juice
or lime-juice, the best substitute is citric acid, either alone
or in combination with potassinm or sodium.¢ Vinegar
will be nseful; =o also may be alkaline tartrates, acetates,

* A solution of sugar, acidulated with aulphuric acid, has been sold
&llim&jniom .

+ Artificial lime-juice may be prepaved by dissolviwg 1.4 of ciirie
acid, 45 gre. of.paajdnuagbonahmdﬂ ag. ofmt&inlpﬁt
of oold' water, flavoring with Jime-peel or oil of lemon.
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lactates &c. This contingency, however, wil rarely
require to be practically considered. .

418. CoxDIMENTs are accessory foods, used to stimulate
appetite and digestion and to add flavor to insipid sub-
stances. Vegetables, as we have seen, fulfil these objects
to a certain extent ; but there are pungent products of the
vegetable kingdom which are more specially emplaged for
this purpose. Such are peppers and other spices, mustard,
vinegar and sauces or other combinations of these. While
the moderate use of these accessories is useful and, in
cases where the staple food (as rice) is insipid, necessary,
it is to be noted that they are liable to abuse by stimulat.
ing appetite already sufficiently strong and by accustoming
the digestive system to irritants, so that its natural power
deteriorates.

419. The term pepper is applied to several different
substances. Cayenne or red pepper is the ground seed-
vessel and seeds of various species of the solanaceous
Capsicom. Before pulverizing they are called chillies. It
is in this condition that they are usually purchased in
this country; consequently adulteration, which is almost
universally practised in Kurope upon the ground pepper,
is not to be apprehended here. The ash should not exceed
6 per cent. and the pepper should give np 25 per cent. of
its weight to alcohol and 9 or 10 to ether. It differs from
the other kinds of pepper in being pungent without being
aromatic. Black and white peppers are the product of the
Piper nigrum; the former consisting of the entire ripe
fruits dried, the latter of the central part of the seeds only.
Adalteration of ground pepper is exceedingly common in
Kurope, but may easily be obviated here by buying the
seeds whole. The ash of black pepper should not exceed
55 per cent.

420. The same precantion is applicable to mustard, the
seeda of two or more cruciferouns plants of the genus Sinapis.
The seeds are ground and the husks sifted from the flonr,
the residue yielding to expression a useful fixed oil. All
commercial samples of ground mastard may be said to be
sdulterated, turmeric, linseed meal, pease flour, yellow
ochre being common adulterants, while cayenne is added to
restore pungency. The mustard grown in India is inferior
in sharpness of flavor to that imported from Europe, and
if purchased in powder in the bazaar is quite as little
likely to be genuine as the foreign article.



CONDIMENTS, 171

421. Curry powder is composed of many substances,
turmeric being the principal ingredient. Coriander seeds
and bluck pepper are the ingredients next in importance,
while small quantities of cayenne pepper, cardamoms,
cumin and fenugreek are also indispensable. A little
ginger, some cloves and allspice are sometimes added.
The complexity of its composition affords a wide field,
not only for variety of stimulating flavors, but also for
ingenuity in edulteration, and the manufactured article as
found in Europe is rarely genuine. In India the materials
may be obtained whole and separately in any bazaar and
adulteration can be altogether avoided.

422. Acetates are supposed to belong to the class of
organic salts capable of conversion into carbonates in the
system and, therefors, to be valuable as antiecorbutics.
I:{ence vinegar, which is a dilution of acetic acid, is not &
condiment merely, but also a saline food. In the former
capacity it promotes the digestion of salt meat, fish and
other foods, not'only by stimulating salivary and other
digestive secrefions, bunt also by softening the tissme.
Pickled vegetables or fruits form the most convenient
medium for taking vinegar with the food, and their
moderate use, especially when the supply of fresh vege-
tables is deficient, shounld be encouraged. '

423. Vinegar is the product of the acetous fermentation
of weak alcobolic liquors, that is, of the oxidation of their
alcohol by the action of the suitable ferment. It is
obtained commercially from wine or from malt liguor, or
it may he prepared directly by exposing a solution of
sugar to the air, when the alcoholic and acetous fermenta-
tions go on simultaneously or in immediate &uccession.
Another form, * pryroligneous acid,” is one of the products
of the destructive distillation of wood. These various
kinds of vinegar are of course, if of equal strength, of
equal dietetic value. They differ in delicacy of flavor and
in price. Wine vinegar is distingnisbed from alegar or
malt vinegar by the darkening of the former when sodium
carbonate is added and by its giving a purple precipitete
on addition of ammonia.

424. The strength of vinegar should not fall below 3
per cent. of acetic acid, and good samples contain 5 per
cent. Somse samples of wine vinegar contain 8 per cent.,
an amount which should not be exceeded. It is ascer-



172 FOOD.

tained roughly by taking the specific gravity, which ought
to be as highas 1,022 and should not be lower than 1,015.
The quantity of acid present can be accurately estimated
by means of a standard alkaline solution ; or by observing
how much pure dry sodinm carbonate must be added to a
known weight of the vinegar to neutralize its acid. This
quantity multiplied by 0-962* gives the acidity, reckoned
as acetic anhydride. ¢

425. The commonest adulteration, and one which to a
certain extent is legalized, is the addition of sulpharic
acid. One-thousandth part by weight of this substance
may legally be added to Britich vinegar, but this quantity
is not unfrequently exceeded, raising the specific gravity
and increasing fraundulently the acidity of the vinegar.
The extent of this adulteration is ascertained by adding a
few drops of hydrochloric acid to & known weight of the
sample, and then solution of barium chloride until all the
sulphuric aoid is precipitated as barium-sulphate, which
is collected, dried and weighed. The weight multiplied
by 042} gives the quantity of sulphuric acid present.
Allowance should be made for oil of vitriol legally added
and for the probable presence of sulphates in the water
with which the vinegar has been made. Tartaric acid is
sometimes added as an adulterant : it (as well as sulphu-
ric) remains bebind on distiliation, the acetic coming
over. The only other adulterant requiring notice is copper,
which is often added to the vinegar with which pickles
are prepared, in order to improve their color. This is
readily detected by the deposition of a red film of metallic
copper on a bright needle or knife.blade held in the
vinegar for a short time.

426. The last subject to be noticed in connexion with
food is that of priNEs. Omitting consideration of those
which consist merely of water flavored with substances

* Each molecule of Na,Co, (106) neutralizes a moleculeof C,H,
05 (102). 108 : 102 : : a (weight of carbonate used) : # (weight of
snhydrous acetic acid. Therefore 2 == ¢ X 0:962.

4 This method may be substituted for the use of the standard
alkaline solution in other determinations of acetio acid.

1 BaSO, (238): H,80, (98): : « (weight of sulphate) : & (weight
ofacid) ..o =a X 0:42.
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destitute of any special physiological action we may divide
the remainder into two groups—the alcokolic and the
alkaloidal : the former class being sub-divided into spirits,
wines and malt liguors; the latter. inclading coffee, fea
and eacoc. :

427. The most powerful action of the alcoholic group
being due to the eghyl alcohol which its members contain,
it i3 necessary to state as briefly as possible the effeots
which this substance produces upon the system generally
and upon the different organs of the body. Small dosey
stimylate the sfomach, promoting secretion of the peptic
fluids and aiding digestion. In excess alcchol leads ta
fatty degeneration and ultimately to atrophy of the
glands and consequently to impairment of digestion and
of appetite. Habitnal indulgence in excess of alcohol
produces congestion and enlargement of the liver and
finally contraction of the capsule ; or the latter effect may
occur without preliminary deposit. The kidneys become
contracted and atrophied after continued excess of alcohol.
Under its influence the carboric acid exhaled from the
lungs is diminished, while habitual intemperance favors
chronic bronchitis and lobular emphysema. It increases
the force and frequency of the hear!’s action when first
ingested, subsequently lowering both; while chronie
indunlgence tends to produce fatty degeneration. On the
nervous system it generally acts as & depressant, dimin-
ishing activity of thought, control of the will over mental
action and acuteness of special sepse. Muscular power
and co-ordination of muscular movements are also impaired,
poisonous doses sometimes destroying life by paralysing
the respiratory muscles. The metamorphosis of Ussue
is rendered lesd active by the ingestion of alcohol, as shown
by diminished excretion of urea and carbonic scid.

hile this effect is beneficial in moderation, economizing
tissue and delaying change, in excess it leads to accumulation
of imperfectly oxidized products, such as oxalic and wuric
acids. In general there can be no donbt of the evil effect
of alcohol In excess mpon health and longevity, while
complete abstinence from the use of it as an article of
daily consumption is, under ordinary eircamstances,
competible with perfect health - and length of. life.
Tubercle in brain, liver, kidneys, spleen, bowels, mesenterio
glands, peritonenm &c. is twice as common in persons
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taking alcohol to excess as in others. Alcoholics are
more liable to fatty degeneration and to insanmity; are
more obnoxious to diseases generally, and shorter-lived.
On the other hand it can scarcely be doubted that the
moderate use of alcohol, especinlly in its more dilute
conditions a8 wine and malt liquor, is attended with no
injury to mind or body; is, in fact, as innocuous as it is
nearly universal. It will be seen presently that wine and
ale &c. have valuable hygienic properties independently of
the alcohol which they contain, Moderation will necessarily
have different mesnings in different cases, and it 1s
impossible to lay down a fixed rule suitable to every one
and to all conditions. The nearest approach to such a
canon that can be made in the present state of our know-
ledge is, that an adult man, in health and ordinary work,
should not take in 24 hours, in any form of alcoholic
drink, more than 1} oz. by weight of absolute alcohol;
while § oz. will be a safe limit for a woman under the
ordinary conditions of European life in this country. To
this it may be added that it is better to take the lv{'imii;ed
quantity in the more diluted forms than as spirits, and that
intemperance in the use of spirits is more injurious than
excessive indulgence in wine or beer.

428. Of the value of aloohol in the treatment of disease it
woitld be out of place to speak. Of its power in aiding
resistance to disease little need be said, malaria being the
only morbific influence against which the use of spirits is
supposed to be prophylactic. It is not possible to speak
positively on this point, evidence and opinion being
conflicting. The almost universal use of alcohol in its
strongest forms by tribes inhabiting malarions parts of the
conntry appears to indicate an instinctive feeling of its
neceesity or value. The preponderance of medical opinion
seeins also to be in favor of the belief in its efficacy as a
preventive of paludal fevers.

429. The alcohol with which we are concerned is the
roduct of the alcoholic or vinous fermentation of sugar.
ane-sugar or sucrose, not directly fermentable, is first

converted into grape-sugar, and this into ethyl alcobol and
‘carbonic acid, with some other, secondary, ducts, as
glycerine. When the alcobol amounts to abont 25. per
cent. of the fermenting solution of sugar, the process is
spontaneously arrested, and distillation is necessary in
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order to obtain a dilution containing a higher percentage.
The various products of such fermentation and distillation
are called spirits. They differ in strength, but still more
in flavor; which depends either upon certain ethers deve-
loped during the manufacture or upon substances pnrposely
added (o them. Of such spirits there is a very great
variety used in different parts of the world. It will be
sufficient for our purpose to notice six only, namely,
arrack, brandy, whiskey, rum, gin and mhowa spirit.

430. There are three kinds of arrack, two of which,
common or country or patté, and colombo are consumed in
large quantities in Southern India. The third, batavia,
which is prepared from malted rice, is little, if at all,
known in the Peninsula. Country arrack is distilled from
a fermented solution of jaggery, the coarse sugar obtained
from the juice of the date, cocoanut, palmyrah and other
palms. In its preparation the bark of the Aeacia leu-
cophleea is added to the hot sugar-solution, precipitating
albuminous matters which would otherwise putrefy and
commuuicate a nauseous flavor ; and also increasing (by
one-sixth) the quantity of alcohol produced. In an
ordinary sample of this spirit, the percentage of alcohol
by volume was found to be 45; 2:6 oz. would contain
one ounce weight of absolute alcohol. In the preparation
of colombo arrack the palm-juice itself, not a solution of
the sugar manufactured from it, is fermented and distilled.
This spirit, the best kinds of which are made from the
juice of the cocoanut palm, is much superior in flavor to
the other and bears a higher price. Its average percentage

* of alcohol is 42. About 2'4 fluid ounces would contain
one ounce of absolute alcohol by weight,

431. Pure brandy is distilled from wine and contains
from 50 to 60 per cent. of alcobol by volume. Its peculiar
flavor is derived from certain ethers, conanthic, acetioc,
butyric and valerianic. It should be quite free from
sugar; its acidity should not exceed one grain per ounce,*
reckoned as tartaric acid (441) ; its solid residue (caramel
added to color it, with matters taken np from the cask
&o.) will be abont 12 per cent., and its ash 005 to 02,
The specific gravity ranges from 929 to 934. 2:7 ounces
contain one ounce of alcobol. British brandy is corn spirit,
often containing a considerable proportion of potato spirit,
(amylis aleohol or fusel.oil) and flavored with ethers &c.
to imitate the genuine spirit.
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432, Whiskey is distilled from formented infasion of
malt, barley being in most cases the grain from which the
latter is prepared, but cats and rye being also sometimes
used for the purpose. The specific gravity is 215 to 920 ;
the percentage of alcohol about the same as in brandy.
It should contain no sngar, not more than 06 per cent. of
solid residue and only a trace of ash. Acid (reckoned as
tartaric) should mnot exceed 02 gr. per oz. 2-:7 fluid
ounces may be taken as the equivalent of the ounce of
alcohol.

433. Bum is the strongest of the spirits in common use;
its aleohol ranging from 60 to 77 per cent. and its specific
gravity from 926 to 874. About 2'5 0z. contain one ounce
of absolute alcohol. . It may contain 05 gr. per oz. of acid,
1 per cent. of solid and 0'1 of ash, these last proportions
being rarely reached by the pure rums manufactured in
this Presidency. It is distilled from fermented molasses,
the uncrystallizable part of cane-sugar, and owes its
peculiar flavor and odor to butyric ether.

434. Geneva or gin is & malt-spirit flavored with the
esgential oil of juniper (to which it owes its stimulant
action on the kidneys) and certain aromatics and spices.*
Hollands is made of rye-spirit. The specific gravity is
stated as 930 to 944 ; its alcohol at 49 to 60. About three
ounces contain one of absolute alcohol. It may have
about 2 per cent. of residwe (of which one-balf is sugar),
01 ash and 0-2 acidity.

435. In the Central Provinces and northward mhowa
spirit is largely used by the Ghonds and others. Itis
distilled from the fermented jnice expressed from the
fleshy petals of the Bassia latifolia. The liquor retains
the unpleasant mouse-like odor of the flower. The tree
grows freely in Southern India, but the spirit is not
manufactured or drunk.

436. In the examination of spirits the points to be
inquired into (besides the fragrance, the flavor and other
physical characters) are (1) the strength, (2) the acidity,
(3; the solid residue, (4) the ash, (5) the presence or
absence of sugar, and (6) adulteration, if suspected.

# Hollands and other pure gine contain nothing but spirit flavored
with juniper.berries. ,
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437. The strength of a dilution of aleohol is expressed
in degrees O.P. or U.P. ie., over or under * proof;” or
in percentage of alcobol, either by weight or by volume.
British proof spirit contains 49-24 per cent. by weight of
absolute alcohol : the percentago by volume varies with
the temyperature, being 57 at 60° F.¥ Its specific gravity
at 60° ¥\ 1a 0-920, (accurately 0-91984). A spirit 30° Q.P,
(for example) is one of which 100 measures, diluted with
pure water to the strength of proof-spirit, would yield 130
measures : and a spirit 30° U.P. i8 one of which 100
messures cortain 70 of proof-spirit. The strength of a
spirit, over or under proof, is ascertained by means of
Sikes’ Hydrometer with its calculated tables. In ordinary
cases, where the sample contains an inconsiderable amount
of solid impurity, the bydrometer is applied directly. In
other cases, where solid matters have been added, 12
measured ounces of the sample should be distilled until 10
or 11 ounces have come over, and the hydrometer used
with the distillate made up to the original volume.

438. Percentage of absolute alcohol by weight being
independent of temperature is more definite and accurate
and is, therefore, genecrally employed for expressing scien-
tifically the strength of spirits. The following Table gives
some percentages by weight corresponding to proof-
strengths ascertained by the hydrometer. For commercial
purposes percentage by volume is used in expressing
strength, bnt proportion by measure varies with tempera-
ture and the figures given in the third column of the Table
are accurate only at the temperature of 60° F., (15°5 C).

. 439. TaBLE of percentages by weight and by volume (at
60° F.) of absoluly alcohol, corresponding to proof-strengths.

Alcohol ‘Alcohol

Proof- A:ic(‘)l‘wtl per cent. Proof- ‘:I(’Oh:: por cont.
strength. per cent. by volume ] strength. P T cond: | by volume
)hy weight. (at 60° F.) by weight. (at 60° F)

0.P. 0.P,

10-0 5489 62-74 4-2 61-67 69-43
86 5409 6194 27 50-73 58:58
71 63-23 61-09 13 49°04 5778
56

52-88 6024

* In the United States ¢ proof-spirit” containg 50 per cent. of
alcohol b_y volume at 60° F. or 43 by weight.
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Table of percentages by weight, §c.—(Continned).

Alcohol Alcohol

Proof- Alcohol per cont. 1 Proof- Alcohol per cent.

strength. bpogt‘gn%t by volume| strength, bper C?ﬂ:;.t by volume

Y Weight-| (at 60° F.) ¥y weight.| (it 60° F.)

U.P. U.P.

03 49-04 6686 26-7 34-98 41-82
19 4817 5596 288 33°92 4063
34 4733 5610 310 32:82 3940
50 4646 5419 33-2 31-68 38-10
67 4563 1 5322 356 30-60 36-76
83 4465 52:30 38-1 29-24 35-32
100 4376 51-36 406 28-01 3390
117 42-84 5039 433 26-78 32-41
136 41-86 49-34 461 2632 30-77
15-3 40-90 4831 49-1 2388 29-08
17-1 3996 47-29 652-2 22-38 27-31
18-9 3904 46-29 66-6 20-77 26+39
20-8 3804 45-20 590 19-11 23-41
22-7 37:03 44-09 625 17-42 21-39
24-7 36-01 4296 660 15-78 19-41

440. The acidity of spirits is estimated as grains of
tartaric acid per ounce. A standard alkaline solution is
prepared, one cubic centimeter of which neutralizes 0:0075
grm. of tartaric acid. The number of c. c., therefore,
required to render neutral one ounce of the spirit, multi-
plied by 0-1157,* is the acidity sought.

441. The alkaline solution is & solution of potassium hydrate of
such strength, that 1 ¢. c. mixed with an equal quantity of a solution
of 6:300 grms. of pure crystallized oxalic acid in a litre of distilled
water gives a neutral liquid. Each c. c. of this alkaline solution
represonts 0°0063 grm. of oxalie, 0:0061 grm. of acetic ankydridet
00064 of citrie,} or 0°0075 of tartaric acid.

442. The solid residue is found by evaporating to
dryness on & sand-bath the remainder of the 12 ounces

* 0-0076 multiplied by 15-43, to bring grams to grains.

Jo 5126 (H3,C200,2H;0) : 102 (C¢HeOs, avetic anhydride)  : 0-0088 :
0-0051.

1 126:192 (H;3CeH,;0;) s : 000063 : 00096, but citic scid being
tribasic and oxalic dibasic, two molecules of the former have the
‘same waturating power ae three of the latter, and two-thirds of
0-0096 are 0-0064.

§ 126 : 160 (Hy,C(H,(Og) : : 0-0083: 0°0075.
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from which the alcobol has been removed by distillation.
A mensured ounce of the spirit is weighed in the specific
gravity bottle. This weight multiplied by 012 and divided
into weight of dry residue gives the percentage of the
latter in the spirit. The percentage of ash is similarly
determined. Bugar is rarely present except in gin. Ita
amount is ascertained as before described (312).

448. The adulterations to which spirits are liable are
very numerous, The addition of waler will be detected by
ascertaining deficiency in the strength; or by finding
sulphuric acid (ffom the sunlphates of the added water) in
the sample, the absence of the free acid (itself sometimes
fraudulently added) having been ascertained. Other
substances, as capsicum or cocoulus indicus, will be best
detocted in the extract, prepared by evaporating a few
ounces of the spirit in a water-bath, The pungent taste
of these adulterants will be readily recognized, and extract
containing the latter will be fatal, with the characteristic
symptoms of poisoning by picrotoxine, to small fishes
placed in water to which it has been added. The common
spirits of the country are supposed sometimes to be made
more exciting by the addition of opium, dhatura or cannabis.
The presence of the first will be detected in the extract
(previonsly, if necessary, bleached by re-solution and filtra~
tion through animal charcoal) by adding a drop of ferric
chloride, which will give a red color if opium is present.
Extract containing dhatura will produce dilatation of the
pupil if put into a cat’s eye. Cannabis may be detected
by administering the extract to some small animal and
comparing the effects with the symptoms of intoxication
with bhang &e. . .

444. A most pernicious imparity often present in spirits
is fusel-oil, a name given to certamn accidental products of
alcoholic fermentation which distil over at higher tempe}'-
stures than ethyl alcohol. The chief of these is amylic
alcohol, or potato-spirit, of which potato-fusel-oil almost
wholly consists. Raw grain produces more of this spirit
than malt and potatoes yield much more than grain. Its
effects on the system are very much more powerful than
those of ordinary alcohol and much more deleterious.
Its presence may be detected by evaporating & small quan-
tity of the spirit from the palm of the hand or from a warmed
dish. Itsodor is characteristio, disagresable and irritating ;
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sometimes exciting congh. It may be separated from the
spirit by shaking the latter with an equal volume of ether
and adding the same quantity of water. The ethereal liguid
evaporated, first at the ordinary temperature and then b
the application of gentle heat (to remove the ethyl alcohol
leaves the fusel-oil.

445. WINES contain, besides alcohol and water, certain
ethers, free acid, sugar (not universally), mineral sub.
stances or salts, and a great variety of other matters
grouped together as “neutral organic bodies,” including
gum, wax, resin, fat, glycerine, pectin, pectose, albumen
and various coloring matters. The dietetic value of- wine
is very great, independently of the stimulant effect of its
spirit, and excessive indulgence in it is not attended with
8o much mischief as the abuse of spirits. The quality of a
sample of wine mainly depends upon tho relation of its
alcohol toits acid. Wine possesses powerful antiscorbutic

properties,

446. Wines may be conveniently classified by taking os
e basis the relations both of the alcohol and of the sugar to
the acidity. Thus we shall have (1) the Strong Wines in
which the average is 38 weights of alcohol and 7 of sugar
to one of acid ; (2) the Sweet Wines, in which the numbers
are 15 and 30 respectively; and (3) the Light Wines,
with alcohol ranging from 10 to 25 times the acid, and
averaging 17'25, and sugar from 0 to 0-8, the average
being 0-33.

447. The strong wines include port, sherry and madeira.
They contain little acidity, the acid potassium tartrate
being insoluble in alcohdl; and spirit, which includes no
acidity, being largely added to the geunuine wine which
forms their basis. In ports the gverage ratio of aloohol to
acid very much exceeds the limit of 25. Of sherries the
same may be said, but the excess is not so great as in ports ;
8o that dry sherry, that is, sherry containing a dispropor-
tionately small amount of sugar, is drinkable, whereas ports
similarly composed would be intolerable. The following
Table (taken from Mr. Griflin's work) shows the compost.
tion, from the point of view at present adopted;of the
smnged wines from which the numbers given above ave
obteined :~—
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. . Alcohol | Sugar to
KNo. Strong Wines. tol Acid. | 1 Acid.
1 | Old-bottled port ., . . 56-74 9-28
2 | Newly-bottled port . .. 4587 12-58
3 | Publicshouse do. .. . .. 56:20 14:29
4 | Madeira . . . o 28-55 6:76
5 | Montilla, 18564 .. . . 3829 1-88
6 Do.  newly bottled .. . 4043 1-62
7 | Oloroso, 1843 . - o 3727 1-58
8 Do. newly bottled -, . 39-86 1-68
9 | Oxford sherry . . . 4366 513
10 | Public-house sherry i, - 33-92 6-88
11 | Tarragona . o . .. 3308 513
12 | British port .. . .- . 23-47 11-70
13 | British sherry . . . 31-78 11-49
14 | Como .. N e . .. 22:47 595
Average of all .. . . 37-97 678

Do. of first 11 . 41-26 591

Do. of5t08 Ve 3896 1-62

Do. of1 to 3 . 62:94 1204

448. The sweet wines are very various in composition,
as will be seen from the subjoined table. The sugar
ranges from 15 to 3'5 times the acid ; the alechol from 20
to 40 times.

. Alcoholto ] 8 to
Sweet Wines. 1 Acid, ;‘GA"; A,
Lachryma Christi .. . o . 17-08 83-22
Visanto . . . 'e . 10-76 36-97
C 8 R RO . . . 16-96 23-64
8. Georger .. .. .. .. ..| 1269 2891
Champagne .. . . o . 16°34 20-51
Average .. .. .. .. ..] 1438 28-65

449, A first-class light wine will contain 450 grains of
acid, reckoned as tartaric, in a gallon, 21 to 25 times aa
much alcohol as acid and no suger; medium wines will
have 15 to 17 parts of aloohol; and the common acid
wines 9 or 10. A light wine will be of first-rate quality
when ita sloobol is 25 times ita acid by weight; very good
if 20 ; widdling if 15 ; common if 10 ; sour if less than 10.

18
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If the alcohol exceeds 25, the wine has had spirit added to
it. The following Table illustrates these points :—

’/ . . Alcohol to | Sugar to
Light Wines. 1Acid. | 1 heid,

1 Santorin .e . ‘e .. . 14-90 0-61
8t. Elie .. s .. . . 16:43 037
Thera . .. . e . 25-40 0-36
Red Keffesia .. . .. .. .. 16-26 0-00
White do. . .e .. .e e 21-73 0563
Red Mont Hymet .. . .. .. 14-99 0-00
Do. . .. . .. . 19:17 0-00
White Mont Hymet .. .. o .. 21-36 0-00
‘White Capri .. . e . . 16-03 074
Ofner .. .. e .. . .. 16-04 0-46
Erlaure o . . .~ . 17-20 000
Sgamarodni . i .. .. .. 1656 047
Dioszeger Bakator .. .. .. - 19:72 0-73
White Diasi .. .. . . .. 21-38 079
Red Voeslauer .. . .. . 18°98 0-63
Fronsac .. .. . .. . 1496 0-62
Vin Ordinaire .. .. .. . 971 018
Paysan's Bordeaux .. .. . . 15-01 0-19
St. Julien, 1858 e .. . .. 1524 0-38
Castle I. Hock N . . N 10-50 000
Rudesheimer .. .. .. .. 21-056 027
Average .. . . N 17-22 0-34
Strongest e .. .. .. 2640 079
‘Weakest . .. .. . 971 0-00

450. It follows from what has been said that in the
examination of wine, the alcokol, the acid and the sugar
are the points of primary importance. If the analysis is
carried further, the amounts of solsd residue, of ash, of volatile
acid, of potash and of neutral organic bodies will be deter-
mined. There is no means of accurately estimating the
tannin, and bouguct can be judged of only by the educated
palate and nose. The specific gravity”of a wine conveys so
little information that its determination is unnecessary.

451, With regard to the alcohol which wines contain
they are described as * natural ” when no spirit has been
sdtfad to them, or *‘ fortified ” when their strength has been
artificially increased. Natural wines contain from 6 to 12
per cent. of alcohol by weight, fortified, from 12 to 22. A
wine of less than 6 per cent.strength is not drinkable, .
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For the ostimation of alcohol the same apparatus is -
required as in the case of spirits, but greater care and

accuracy of manipulation are necessary. Twelve fluid

ounces of the sample are introduced into a non-tubulated

retort, by means of a long funnel, so that none of the

wine tonches the tnbe of the retort. A few drops of

caustic soda are ncxt put in, in the same manner, in

order to neutralize all the free acid, thns changing’
completely the color of the wine. Eight fluid ounces of

distilled water are then introducod and the fannel care-

fally withdrawn without soiling the retort. Finally, about

two grains of tannin are put in, by means of a long-

handied spoon, without touchiug the interior of the retort,

and the latter closely fitted to the condenser.* Distil at

a gentle heat until at least ten ounces have come over.

Make up the distillate to 12 fluid ounces with distilled

water and ascertain the U. P. strength by Sikes’ Hydrome-

ter. The following Table gives the corresponding per-

centage of alcohol by weight and by volume at 60° F.

u.p, | Alchol perem | U.P. bongoary ptll'oglt;h:t%
strength. | 40 woight. }Q;‘g;};‘;;f’ strength. | 1’5 eight. ?aye‘é%"“lf*')‘?
s22 | 2238 | 211 126 | 1266 | 1561
866 | 2077 | 2539 761 | 1007 | 1368
590 | 1011 | 2841 792 966 | 11485
6256 17-42 21-39 823 8-08 | 1004
660 | 1578 | 1901 852 | 686 | 828
64 | 1416 | 1748 880 548 683

452. In the following Table the quantities by measure
of some ordinury wines, which contain one ounce by
weight of absolute alcohol, are given :—

¢ The water is introduced to ensure the whole of the alcohol being
distilled off without burning the residue; the soda to ent free
volatile acids from coming over; the tannin to prevent the formation
of glutivous bubbles which might aplash liquid from retort to
recalver.
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Ounces Ounces

Wines. containing Wines. containing

1oz a. a. 1, oz. a. &.
Bucellas 7-3 Moselle . 162

Burgundy 156-2 Negmely (White
Hungarian) 190
Champagne .. 126 Port . .. 69
Claret Ve 16-8 Do. South African. 88
Frontignac .. 9-0 Roussillon .. . 64
Hock .. .. 13-4 Santerne 190
Madeira, Cape .. 6-8 Sherry .. . 66
Do. East India. 76 Vislau (Red Hunga-

Marsala e .. 75 rian) e . 141

453. The total acidity is best reckoned as grains of
tartaric acid per gallon. Add to one carefully measured
ounce of the sample standard alkaline solution until the
acid is completely neutralized. The number of c. c.
necessary maultiplied by 185-16* gives the total acidity of a
gallon. A good wine will contain from 300 to 450 grains;
one with less than 300 tastes flat; one with more than
500 tastes sour. These rules are specially applicable to
the light wines: in the strong wines deficiency of acid is
masked by excess of alcohol, o? sagar or of both, and they
are thus drinkable even when their acidity does not
exceed 250. Port averages 320 to 400 grains per gallon,
and sometimes contains as much as 640 ; Sherry has 240
to 360 grains. In good Champagne, a sweet wine, the acid
ranges from 320 to 480 ; but some samples of excellent
wine have been found to contain 760. The light wines are,
a8 & class, more acid than the others. Thus good Claret
will have from 320 to 640 grains; in inferior samples the
acid may run up to 960. The acidity of the Rhine wines
ranges from 560 to 960.

454. Pure natural wines, if more than a few years old,
rarely contain as much sugar as 1 per cent. In newer
wines the per-centage ranges from 2 106, Fortified wines,
in which & added spirit has arrested fermentation often
contain 5 per cent. of sugar. The segar which exists in
unadulterated wine is invariably glucose or grape-sugar,

* That is, 0-00756 (440) multiplied by 15-48 toreduceto grainsper
ounoe and by 160 to bring to grains per gallon. :
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and sucrose can only be present when it has been recently
added. The slow action of the acids of the wine converts
cane-sugar into grape.sugar; and, if there be reason to
presume that the former is present, the process is imitated
by boiling the sample gently for two hours with one-fifth
of its volume of sulphuric acid diluted to one in six.
When this has been done and the wine has cooled, the latter
is rendered alkaline with sodium carbonate and the sugar-
test applied in the following manner. The three steps of
the process are dilution, decolorization and estimation. The
preparation of the two test-solutions bhes been already
ddseribed (313).

455, The object of dilution is to reduce the amount of

sugar toabout 0-6 gr. per ounce, the tes JBVIng accu-
mtgea results if thg solution be strong,t“&ar. The
quantity of distilled waterto be added, therefore, depends
chiefly on the sweetness of the wine, though also, in some
degree, on its color and other qualities. The sweet wines,
(as Tokay, Champagne &c.), may be tested with 40 minims,
carefully measured, diluted to 4,000. For Port, Sherry,
Madeira, Como and other strongly colored wines one fluid
dram and a half may be diluted to four ounces. For the
light wines, containing very little sugar, one ounce may be
diluted to two; unless the color is strong, when the dilu-
tion must be greater.

456. For decolorization (A) milk of lime, (B) solution
of pure alum, one part in twenty, (C) solution of lead
subacetate* and (D) solution of pure sodium carbonale are,
or may be, required. Many light-colored wines need only
to be rendered alkaline with (D), alkalinity being in all
cages necessary,to the application of the copper-test. All
four substances are often needed with red wines. Put the
suitable quantity of wine into & graduated glass vessel, add
half the dilution-water (455) then sufficient milk of lime to
make the wine alkaline, shaking well. Next add the lead
solution, about one-tenth of the volume of wine which had
been measured ; shake and add the alom solution, about
one-third of (C). Put in a little more water, shake

¢ Prepared by boiling together ina flagk four parts of lead acetate
and three of litharge (free %mm copper) with distilled water for half
an hour, continnally ing and restoring water lost by evaporation.
Fiiter and dilute to four volumes.
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thoroughly, make up with water to the volume prescribed
for each kind of wine, shake again and allow precipitate to
subside. Filter upper portion when tolerably clear into a
beaked glass, through a dry paper filter, and pour into a
graduated burette.

457. For estimation put 10 c. c. of the copper-solution
(or 5 of ench if there are two separate solutions) into a
porcelain dish with about twice the volume of distilled
water and boil, by means of a spirit-lamp, for a few minutes.
No red precipitate should appear: if a small quantity is
formed, it may be removed by adding a few drops of
caustic soda : if much, or if the soda fails to remove
it, the solution is spoiled and should be rejected.
After boi]Mns for a few minntes reduce the heat
until the™BcWtion merely simmers. Drop in the
diluted and decolorized wine from the burette, stirring
with a glass rod, until the mixture becomes colorless
and & red precipitate settles at the bottom of the dish
10 c. 0. of the copper-solution are thus decolorized by 0-05
grm. or 0'7715 gr. of grape-sugar. The weight of sugar
in the volume of wine tested is, therefore, ~ X 0:7715
grains ; b being that volume and a the quantity run from
the burette into the test-solution. From this the weight
of sugar per fluid ounce or per gallon can easily be ealcu-
lated.

458. We have geen that many of the #rong wines contain
a large quantity of sugar. Sherry is sometimes almost
quite free from it, but the average is 1,280 grains per
gallon; Amontillado and Manzamlla having least. In
Madeira the sugar ranges from 960 to 10,360 grains; in
Marsala it is less. Port contains from 2,560 to more than
twice as much; and the best gualities appear to be the
sweetest. Champagne averages 3,840 grains, the range
being from 960 to 4,480. The Kght wines—Clarets,
Burgundies, Moselles and Rhine wines—eontain little or

no sugar.

459, Itis unnecessary to 4dd to what hes been already
said a8 to the manner of determining the solid residue and
the ash (442). The former, in pure natural wines variea
from 1,000 to 2,000 grains per gallon: in fortified winea
and champagnes it amonnts to 4,000, 5,600, even 7,000,
chiefly sugar. The latter, consisting of potassium, sodinm,
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calcium, magnesium, manganese and iron in combination
with chlorine, phosphoric and suiphuric acids, amounts to
from 70 to 200 grains per gallon.

460. An attempt is sometimes made® to estimate separately the
volatile acids which a wine conteins; but for ordinary purposes
it is quite sufficiently accurate to reckon the total amdity as
tartaric. The estimation is conducted by distiiling slowly four
ounces of the wine with four ounces of water, (to which tannin ia
added if it be a sweet wine, but no sods in any case), collecting
separately the first two ounces, the next ounce snd as much more
liquid as can be got over without risk of breaking the retort. The
last instalment is found to be more acid than the first. The volatile
acidity is chiefly due to acetic acid and may be estimated as acetic by
the standard alksline solution. The quantity of the volatile acids in
a wine, on which probably its flavor depends to a considerable extent,
is much more variable than that of the fixed acids; the latter being
insoluble ir alcohol beyond a fixed point, while the former (as acetic)
way coexist in any degree with alcohol.

461. The potash in the incinerated residue is sometimes estimated
by means of standard solution, but the process need not be described.
The neutral organic bodies are determined by subtracting from
the solid residue the sugar (457), the fixed free acid (453), the ash
(459) and the acid assumed, when a complete analysis 18 made, to be
in combipation with alkalies und alkaline earths. Lastly, the
bouguet depends on the formation of a great variety of ethers, acetic,
pelargonic, tartaric, malic and others, by the interaction of alcohol and
the corresponding acids. As wine grows older, more of these com-
Younda are developed and the flavor and odor of the wine improve.

t is impossible to estimate them chemically ; they are appreciated
only by the educated senses of taste and smell.

462. When wine is fanlty without being spoiled com-
Eletely, certain pallistive measures may be adopted.

xcessive sourness may be corrected by adding potassium
tartrate, which forms the acid tartrate, replacing free
tartaric. Milk is said to correct the same fault. Alka.
line carbonates will neutralize excess of acid, bat injure the
bouquet, probably by destroying volatile acids. Stringi-
ness, or the formation of mucilaginous substances in the
wine, is removed by adding a decoction of tea ; one ounce
boiled in two quarts of water being nsed for 40 gallons
of wine, Bitterness is corrected by hard water, or by
sulphur. Charcoal removes the offensive odor of puires.
cent wine ; and excess of tannin, causing astringency, is
precipitated by gelatin.

* Of the freo acid in whAifs natural wines not more than one.fourth
is volatile. In red wines the proportion is higher, but should not
exooed one-third,
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463. The important adulterations of wine are wafer
and aloohol, both detected, (the normal strength of the
wine being known) by determining the per-centage of
alcohol (451). Lime salts are sometimes present in excess,
owing to the custom in some vineyards of adding to sour
wine & mixture of calcium sulphate, carbonate, chloride
and oxide. The calcium acetate is formed. If thesample
be evaporated to one-tenth of its volume and twice as
much strong alcohol added, the acetate is dissolved and
may be precipitated by ammonium oxalate; the sulphate
aug tartrate, naturally present, remain undissolved.

464. In the following Table* are given the principal
constituents of 40 wines, in grains per gallon, with the
exception of alcohol which is given in weight per cent. :—

Aleohol, )
Wines. per | Acid. |Sugnr.[Solids.| Ash. |KHO.

cent,

.

Spanish and Portuguese.

Madeira ‘e .. 116251 400 ' 2,703 3,470/ 366 | 78
Port, newly-bottled ..|17'30 | 265 | 3,333 4,750] 250 | 95
Do, old-bottled .. 20:29 | 250 | 2,315) 4,056' 179 | 35

Do. public-house ..] 2008 | 250 | 8.572| 3,600, 300 | 84
Shemii Montilla, 1854.| 1662 | 300 | 417) 1,720/ 820 | 29

0. newly-
bottled. 17-56 | 300 456 1,745 326 | 29
Sherry, Oloroso, 1843.115:09| 280 | 442 1,740 320 | 29
Do. newly-
bottled. 16-14 [ 280 442{ 1,740 320 | 29
Sherry, Oxford <. 120-39; 3256 | 1,667 3,443] 850 | 43
Do.  public-house .. | 1750 380 | 2,100, 3,200{ .. 18

Tarragona . .. | 1642 3256 | 1,667| 3,110{ 320! 76

British.
Port .. . .. 1478 450 | 5,263) 5,648 471 | 126
Sherry ., . ..|13:66 | 800 | 3,448/ 3,825 320 | 86

Greek.
Como . . ., 112°63 ] 400 ) 2,381] 5,916/ 870 | 92
Cyprus ,, . v, | 10°09 ) 470 |11,111{12,180] 328 | 76
a Christi ] 970( 430 |14,286/17,8668| 362 76
Koffegia, Red .. ..] 865! 370 .. 1,660 160 38
Do. White .| 11911 380 200 1,510 129 50

¢ Abridged from Mr. Griffin’s work,
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. Alcohol,
Wines. per | Acid. (Sugar.| Solids. | Ash. [kHO
cent,
Greek—(Cont).

Mont Hymet, Red 10621 485 | . 2,320 | 180 | 65
Do. do, 1019 | 370 . 1,860 180 | 32
Do. White .. 9-84 | 320 .o 1,434 134 | 36

Santorin . 949 | 4456 270 2,308 274 | 63

st. Elie . 10-73 | 456 167 1,622 ] 208 | 62

Thera .. .. 12:80 ) 350 126) 1,460 120 | 66

Visanto . 644 | 460 |17,007] 18,300 | 410 | 85

Ttelian.

Capri, White .. 10440 450 | 3330 1,360} 200 73
Hungariun.

Diasi, White .. .. 15060 { 490 385| 2,060 176 | 26

Diosseger Bakator ,.| 12:07| 425 | 311| 1,316 | 126 46

Erlaure . . 891 360 .. 1,714 134 | 45

Ofner .. . 8-66 | 376 172 2,300 | 200 | 67

8t. Georger ,. . 775 | 460 [18,300| 15,500 | 230 | 49

Sgamorodny .. .. 964 430 2007 1,340 | 100 | 46

Austrian.
Voeslauer, Red ..| 1025} 3756 | 200) 1,360 | 220 | 95
French,

Pordeaux, Paysan’s,, 7.32 | 340 63| 1,420 | 200 { 62

Champagne .. 795 | 376 | 7,692{ 8,980 | 180 | 34

Fronsac .. 10:74 | 500 260| 1,640 190 | 28

St. Julien, 1858 984 | 450 172 1,860 | 280 | 66

Vin Ordinaire .. 699 | 6500 781 3,600 | 310 | 87

Rhine. *
Hock Castle I, . 663 | 440 . 1,640 160 | 66
Rudesbeimer 1332 440 1181 1,280 120 | 60

465. To find (approximately) how many fluid ounces
of any of these wines contain an ounce by weight of
absolute alcohol, divide the corresponding number in the
second column into 100 ; thus, in the case of Cham
100 = 7:95 = 126, therefore, abont 12} fluid ounces of
Champagne contain one ounce by weight of alcohol.

. 466. Like wines, MaLT LiQuogs consist of water, aloohol
in moderate amount, free acids, sugar, salts and extractive

0,
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matters. They ought to be, essentially, the result of the
alcoholic and acetous fermentations of an infusion of
malted barley, flavored with hops alone. Their action on
the system is such as might be anticipated from their
ingredients, namely, stimulant from their alcohol; tonic
and sometimes narcotic from their hops, antiscorbutic from
their salts and free acids and fattening from their sugar
and other carbo-hydrates included in their extractive
matter. Taken in excess, they produce a condition of
plethora and redundance of fatty tissue ; oxalic and uric
acids are formed, leading to gouty and other constitutional
affections. In moderation they are valuable subsidiary
articles of food ; and (as is also the case with wines) their
use should be encouraged in preference to that of apirits,
in cases where alcoholic drink of some kind is taken through
necessity, habit or inclination.

467. The qualities of good ale or porter are clearness,
effervescence and agreeable taste ; apecific gravity ranging
from 1,000 to 1,005 in ale, 1,004 to 1,008 in porter;
strength from five to nine per cent. of alcohol by volume;
acidity from 120 to 200 grains, reckoned as acetic anhy-
dride, per gallon in ale, (0'1714 to 02857 per cent.), a8
much as 250, (0-3571 per cent.), being allowable in porter;
solid residue, dried at 230° F., about 1,800 grains per
gallon in the former and 3,000 in the latter; finally,
freedom from adulteration.®

468. The specific gravity is most conveniently and with
sufficient accuracy ascertained by dividing the weight of
the contents of a specific-gravity bottle filled with the
sample by the weight of an equal volume of distilled.
water ; the liquor having first been exposed to the air for
some time and repeatedly stirred soas to ensure freedom
from carbonic acid gas, which is almost always present to
the extent of one or two cubic inches in an ounce. The
error arising from weighing distilled water and the liquor
at the same temperatare, without reduction to standard, is
in this case, where the proportion of alooho! is small,
insignificant.

* The report on malt liquor required by the Government of Madras
includes:—1. specific gruvity, 2. extract gravity, 3. aloohol per
eent. by volume, 4. acid per cent,
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469. To determine the alcohol distil, as in the case of
spirits, 8 measured ounces, until two-thirds have come
over. Make up distillate to original bulk with pure water
and take the specific gravity of the dilution as described in
(468). The following Table gives the means of finding the
per-centage of alcohol by volume corresponding to each
density :—

Alcohol Alcohol Alcohol
Density. by Density. by Density. y
volume volume. volume.
9,866 100 9,912 62 9,935 45
9,879 90 9,016 60 9,942 4-0
9,891 8-0 9,018 58 9,949 85
9,904 7°0 9,922 56 9,966 30
9,907 67 9,926 51 9,970 2:0
9,910 66 9,928 50

470. To obtain accurate results by this method both distilled water
and diluted distillate should be cooled to 60° F. This being often
difficult and inconvenient, it will be better to operate in the manner
described for wine (461).

471. The acidity is determined by the standard alkaline
solution ; multiplying the number of cubic centimeters
required for neutralization of half an ounce by 25'18.%
The result is grains of acetic anhydride per gallon. Pure
dry sodium carbonate may be used for the same purpose as
explained before (424). The liquid left in the retort after
distillation (469) evaporated to dryness at 230° F., will
give the solid residue, the weight of one-third of which
multiplied by 40 gives grains per gallon; and the ash is
obtained from the same. The latter consists principally
of chlorides an@ phosphates of the alkalies and alkaline
earths. The difference between solids and ash is called the
“malt extract.”

472. It is sometimes desirable to ascertain the original density of
the wort or malt infusion from which the liquor was prepared by
fermentation. For this purpose 12 ounces are distilled and the density
of the distillate diluted to original bulk taken. The difference between
1,000 and this density, corrected for acetic acid (474) is the spirit
indication. The extract gravity, thatis, the density of the residue in
the retort diluted to otigim.l bulk, is then found. e latter number
added to that co: ing to the spirit indication, as found in the
following table, is the original demsity :—

%0°0051 multiplied by 15-43 to bring grams to grains and the
product by 320, the number of half-ounces in a gallon.,
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Spirit '
indi- | 00 1 2 3 4 b 6 7 8 9

cation. ‘
0 .. 02 06} 09 12 1-6] 1'8| 21 24 27
1 30} 33| 37] 41| 44| 48] 51 65| 60| 62
2 66| 70| 74y 78] 82| 86! 90) 94) 9:8|102
3 10°7|11-1(11-6|12°0 }12°4 |12:9( 133|138 |14°2 | 14°7
4 161166160164 | 168 [17°8{17°7!18°2 I8'6 | 19°1
5 119-5{19'9] 204|209 |21-3|21-8]22:2]|22-7,23"1 236
6 (24-11{246(25:0(25°5 | 260 {26-4(26-9274{278(283
7 128-8{29-2|297|30:2 307|312 31-7|322 327|332
8 133:7)34:3/34'8(354 359 ,3656/37:0|37°5!380]|2386
9 [39:1{89:°7|40°2,40°7 |41'2 [41°7142:2]42'7|432|437
10 1 44°2144'7]145'1 456 [ 460 |46-5| 47-047°6 ) 48-0) 485
11 4901496 | 50:1 [ 506 | 51-2 | 61:7(62°2| 62-7 | 63:3 | 538
12 | 564:3| 54-9{55°4)| 559 | 64 | 569 674|579 | 584|589
13 | 59'4|60:0|605|61'1 |616 62'2‘ 62:7163-3163-8|64:3
14 [64:8{654|659665 |671 67'6} 68-2|68°7 693|699

473. For example, suppose the corrocted density of diluted distil-
late to be 9903, the spirit indioation will bo 1000—990-3==97, and the
corresponding figures taken from the table will be 42:7. Thisadded to
10143, density of diluted residue, gives 10570 as the specific gravity
of the wort before its sugar began to be converted into ulcohol.

474. Butin most malt-liquors and especially in those which have
been ill-brewed or long kept, some of the alcohol has become oxidized
into acetic acid. Some of the loss of density which the wort has
undergone in conversion into ale or porter is due, therefore, to the
presence of this acid, and a correction must be made in proportion to
the amount of the latter. Having ascertained by means o? the standard
alkaline solution, the quantity of acetic acid in a known weight of
the liquor, the percentage by weight of acid is easily calculated. The
following Table gives a corresponding number, which is added to the
spirit indication before nsing the table previously given( 472.)

ot

mn . . . . . . . » . »

geof| O 1] 2| 3 4| )6 T 8] 9

Acid.

0 e 10021004 0:08 0:07{0:08 009} 0-11] 012013
1 0-14 | 016 | 0-18 0-20 0-21(0°22|0-23{0°26( 026027
2 1027|029 031 | 0731 034 | 0-35 | 036 | 0°38 | 0-39 | 0-40
3 1089041043 0,45;0’46 047 | 0:48 ) 0°50 | 051 | 0-52
4 | 052 | 0-5¢ | 056 | 025 1060 | 060 | 0-61 | 0-63 | 064 | 0-65
5 |06 067 069) 020|072 0-73)0-74 076|077 | 078
6 1077079 | 0:81 0-83 0841086 |0-83 | 088 | 0:89 | 0-90
7 10:90 ) 0-92 0-94 | 0% | 0-97 | 0-98 | 0-99 | 0-01 | 102 | 1-08
8 1108105 [107| o8 1110} 111 | 112 | 114 [ 1416 | 118
9 116|117 118 | ;100 122 11-28 | 124 | 126 | 127 | 128
10 {129 |1-31 | 1-33 (52 | 196 | 1-37 [1-38 | 140 | 141 {142
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475, The adulterations to which malt liquor is liable are
very numerous, but a few only require mention here. Waler
in excess will be detected by geﬁcxency of aldohol (469), and
low extract gravity (472), the latter in good ales rarely
falling below 1,010, or 1,012 in good porters. Alcokol added
either directly or by mixing sugar with the wort is common
in the beer brewed in this Presidency and reaches 10-5
per cent. by volume in some samples. 1t is easily detected
by distillation (469). Chalk or sodium carbonate is often
put into liquor which has become sour. This adulteration
may be suspected if the acidity is much below the
average, and may be detected by distilling the liquor,
after evaporation to syrupy consistence, with sulphuric
acid ; the acetic acid which had combined with the base
will distil over in considerable quantity. It is possible
that cannabis and similar drugs are sometimes added in
this country, but they have not been detected in this
Presidency. They would be sought for in the dry extract
a8 before mentioned (443), and the latter remark applies
to capsicum and coceulus indicus also. The ordinary public-
house adulterations do not need to be mnoticed for our
purpose.

476. In this place cider and perry may be briefly noticed.
The former is a fermented liquor prepared from the juice
of apples. The percentage of alcohol by volume ranges
from 5 to nearly 10 per cent.* It is a wholesome drink,
rarely containing any impurity except lead, accidentally
derived from the presses &c. This, if present, will be
detected by evaporating to dryness, incinerating, dissolving
in dilute nitric acid ; and precipitating with sulphuretted
hydrogen, or testing the solution with dilute sulphuric
acid : the former precipitate being black; the latter white
and soluble in ammonium acetate. Perry, (prepared
from pears), is aleo & wholesome. drink, containing from
S to 9 per cent. of alcohol by volume.

477. The ALEALOIDAL DRINEKS in common use are coffes,
tea and cocoa. The last differs from the other two in
possessing directly nutrient properties in addition to those

¢ An analysis of common Jaborers’ cider gave in parts per 1,000
by weight :—water 93838, alcohol 40-00, gﬁu 10-00, ash 3:00
volatile acid{as acetic) 1:55, fixed acid (a» c) 3:35, extractive
matters 3-14.
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due to its salts. The former owe their physiological action
to & certain alkaloid, called indifferently caffeine or theine.

478, Coffee contains, in the raw state, about 075 per
cent. of caffeine, (reduced to 025 in the process of
roasting), 10 to 13 per cent. of fat, 13 of mtrogenous
substances, and between ¢ and 7 of salts—potassium,
magnesium and calcium in combination with phosphoric
acid and chlorine. The effect of the alkaloid is to stimu-
late the nervous system. It increases the action of the
heart, kidneys and skin, its diaphoretic property aiding its
generally stimulating effects in rendering its use desirable
in hot climates and hot weather. There is good reason to
believe that it belps the system to resist malaria, and a
strong infusion of coffee should, therefore, always precede
an early journey or march, especially in malarions districts.

479. Coffceis prepared for use by roasting, grinding and
infusing. Adulteration being out of the question here,
where the consumer buys the raw seed, it is only necessary
to see that the ‘ berries” are not withered or mixed with
dirt of any kind. The roasting should be performed at a
temperature not exceeding 320° F., and a small quantity
of oil, butter or ghee is generally used to prevent burning.
1n this process the coffee increases in bulk, loses from 15
to 25 per cent. of its weight, and acquires its characteristic
aroma, from the development of a principle called caffeone.
This is readily dissipated on cxposure to the air; it is,
therefore, desirable that small quantities only should be
roasted at one time and that, after roasting, the coffee
should be kept in an air-tight tin or bottle. The roasted
bervies are ground, either in & mill, or, as is more usnal
here, in a mortar. The infusion should be made with
boiling water which, if complete extraction of every thin
soluble be not required, may simply percolate once throngﬁ
the powder, in a suitable vessel ; thus avoiding the necessity
of straining or otherwise clearing the infusion. Coffee
should not be boiled ; as, although its soluble constitnents
are thus more completely extracted, the aroma is thereby
diminished. Perfect extraction may be insured by using
for the infusion water in which the residue of a previons
infusion has been well boiled. When percolation is not
practicable the grounds can be made to subside more
rapidly by adding the white of egg to the liquid, or by
pouring a little cold water iuto it from a height. 12
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ounces of freshly roasted coffce should make one pint of
infusion.

480. Coffee must gencrally be selected according to the
appearance of the berry, and the odor and flavor of the same
when roasted and ground and of the infusion prepared
from it. Its physiological action on the nervous system,
however, depending upon the presence of its alkaloid, it is
sometimes desirable to ascertain the per-centage of the
latter.

481. The caffeine is isolated in the following manner :—Mix with
a decoction of the powdered coffve, (roasted or unroasted according to
the information songht), a solution of tribasic lead scetate. o
ucid with which the alkaloid is combined is precipitated along with
rome coloring matter. DPass sulphurctted hydrogen through the
filtered mixture, to remove leud from solution ; filter, evaporato to a
small quantity, and the caffeine will crystallize out in white, silky,
acicular crystals.*

482. The alkaloid of tea, sometimes called theine, ig
identical with caffeine. The physiological action of tea
will, therefore, be the same as that of céffee; the chief
differences, for our purpose, between the two being the
greater proportion of alkaloid in the former and the
presence of a considerable amount of tannin. The charac-
teristic aroma of tea is developed by heat during the
process of manufacture. Teasare divided mto two classen
—graen and biack ; both the products of the same plant,
but differently prepared for use. The former contains u
larger proportion both of caffeine and of tannin than the
latter and less cellnlose : their composition in other respects
being nearly identical. Green tea is comparatively little
used, owing to its high price, its powerful actron on the
nervous system wlien genuine, and its great liability to
pernicious addflteration.

483. There are three great varieties of black tea. Tn
the fourth or fifth year of the plant’s age, or later, the young
shoot is plucked as soon as three leaves have appeared
on it. The unppermost leaf, scarcely expanded, when
dried gives pekoe; the second, about 36 honrs old, souchong;

* The empirical formula is CoH;oN(Op+H,0. Caffeine increases
reflex excitability, and in poisonous doses produces tetanus, its action
resembling that of strychnine. 0-005 grm. injected hypodermically
into a frog excited tetanus; 0:120 grm. introduced into the j r of
arabbit, or 0°200 grm. into that of a dog or cat, had the same efect.



198 FOOD.

about 1l per cent. of s weight) and broken up into
‘‘ cocow nibs,” which are boiled in water and produce »
decoction more digestible than the other preparation. Or
the seed, shelled and ground into a paste between hot
rollers, is mixed with sugar and flavored with vanille, and
sometimes cinnamon and cloves, forming “ chocolate.”

490. Adulterations, organic and inorganic, are very
numerous. Floursand starches are often added, but to a
certain extent the addition of such substances is desirable
or necessary, and cannot be considered frandulent unless
the quantity be excessive. This question must be decided
by microscopical examination, by whieh the various starch-
granules may be detected and distinguished. Brick-dust
and ferric oxide have been found. They may be detected
by examination of the ash; the former resisting acids, the
latter dissolving and giving characteristic reactions. The
nibs often contain more or less of the husks of the seeds.
Samples are considered adulterated if the cocoa-fat, (deter-
mined by extraction by ether), is less than 30 per eent.

491. A few lines may here be devoted to mate or Para-
guay tea, consisting of the dried leaves of the Ilex
paraguayensis or Brazilian holly. Its active principle is
caffeine, the amount of which is variously estimated,
from 013 to 1°20 per cent. Its action is stimulant and
restorative.

492. Tobacco is not a food, but this appears to be the
most suitable place to notice it briefly. Its active princi.
ple is nicoline,* which is present in the dried leaf in
quantity varying from 1'5 to 8 per cent. Virginia tobacco
containg most, the Maryland, Havannah and Indiant
kinds least. Tobacco, smoked, acts as a sedative, soothing
nervous irritability and allaying appetite for food. Its
"mse in moderation in this way is certainly harmless, moder-
ation varying with the idiosyncrasy of the individual and
the proportion of nicotine in the tobacco. In excess it
weakens the heart's action, produces nervous tremors
and impairs vision. Adulteration being in this countty

»

* CpH N,

t Mr. Broughton found good Trichinopoly tobacco to contain 2:52
to 4:65 per cent. of nicotine. The strongest examined waa from
Cuddapeb, with 7°44. The mean yield of Indian tobacooes was 3-25,
higher than Menilla or Havannah which contains about 226,
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highly improbable, the only point to be determined is the
percentage of alkaloid.

493. Toisolate the nicotine, boil the leaves in distilled water,
which dissolves the alkaloid combined with citric and malic acids.
Strain; evaporate to consistence of syrup and mix with alcohol. The
mixtqm separates into two strata: the upper, alcoholic, oontainipg
the nicotine salts ; the lower, aqueous, retaining most of the extractive
matters. Draw off the former and shake it well with solution of
potush to take the acids, and with ether to dissolve the liberated
nicotine. Decant the superficial ethereal solution, evaporate the ether;
nicotine remains, an oily fluid, with a pungent, togacco-like odor,
colorless when pure, but altering on exposure to the air.

494. Tobacco and many other vegetable substances are
extensively used as masticatories. All stimulate the
salivary glands; which, however, seem to adapt themselves
to the increased demand, so that it is difficult to indicate
any mischief to health attributable to the practice of
“ chewing,” although on ssthetical grounds it is highly
objectionable. In India the commonest masticatory is the
pan-supdri or betel-nuf, & combination of the leaf of the
betel pepper with the nut or seed of the areca palm, to
which lime is generally added. The nux vomica is not
uncommonly chewed without apparent injury. Opium is
smoked or eaten® : cannabis is eaten, drunk, or smoked,
and excessive indulgence in it is a frequent canse of
admission into Lunatic Asyloms in India. With the
exception of these last substances it does not appear that
the sudden and complete deprivation of any, as in the cases
of prisoners or soldiers in the field, is attended with
anything more serious than inconvenience and discomfort.

# 1t is believed by the natives both of India and China that opium
smoking and eating are protective against malaria,
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CHAPTER V.

SOILS.

495. The so1L on which a house, tent or other dwelling
is placed may influence the sanitary condition of the
inhabitants, through the climate, throngh the air breathed
and through the water used for domestic purposes.

496. The conformation of the ground, its relation to the
neighbourhood as regards position and elevation, the
vegetation which it supports, the permeability of the soil
and sub-soil by water, their capacity for absorbing and
their power of radiating heat, and the color of the surface
are the circumstances which affect the climate of the place.
Malarious or other miasmatic emanations may contaminate
the air, and the water will be affected by the soluble
substances, organic and inorganic, which it takes up in
peroolation through the soil. .

497. Both the temperature and the humidity depend, to
a great extent, on the conformation of the ground:
including, if the place be uneven, the relative extents of
high land and valleys ; the degree of elevation of the
highest parts; the forms, depth, width, slope, and nature
of the sides of the valleys; the position and direction of
the lines of drainage: and, if the level be uniform, the
degree of slope and the capacity and direction of the water
courses. Thus, as hills .cool by nocturnal radiation more
rapidly thad lower land, a carrent of cold air will flow
down a valley or ravine by night, depressing the tempera-
ture at the outlet. If the outlet be narrower than the
main valley or ravine, so that the water draining from
above has not sufficient means of esca.})e, dampness will be
added to coldness and alternations of temperature. As a
rule, positions at the top of a slope will found best ;
théir temperature being {Jower and more uniform and free
drainage preventing accumulation of water in the soil.
As the conformation of the surface of a disériot is generally
& consequence of its geological structure, a knowl of
the Iatter often affords an indication of the nature of the
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local climate and its probable effect on health. Thus good
sites may be expected where granitic or metamorphic or
trap rocks prevail ; becanse these generally imply elevated
positions, affording moderate temperature and free natural
ventilation, as well as slopes fuvorable to drainage and
consequent absence of excessive humidity. Deposits of
clay, on the other band, are generally flat, so that air
stagnates and water lodges.

498, Closely connected with the form of the ground
itself is its relative position with respect to the neigh-
hourhood. In a hilly country a site may be nnhea.ltiy,
owing to its being so surrounded by hills that ventilation
is impossible and the air is stagnant; and, as before
observed, narrow valleys or ravines may become channels
for currents of cold air, which chills at night a place so
situated as to be exposed to its inflnence. lower degree
of the same cooling effect of elevated land may act bene-
ficially when the more rapid radiation of heat from the
latter produces a diffused cool breeze instead of a cold
draught. On the other hand a low rocky hill, radiating
at night the heat absorbed during the hours of sunshine,
often renders places at its foot permanently hot and, if
other causes combine, unhealthy. A site, again, may be

- sheltered from the action of a prevailing wind by the
intervention of a hill or range of hills—a circamstance
which may be useful, as when the wind blows over a marsh,
or injurious, as when a sea-breeze or other refreshing
current of air is intercepted. This power of hills to
shelter from, or alter the apparent dipection of, the
prevailing wind should be borne in mind when we are
choosing & site for temporary or permanent occupation.

499. Relative position has to be considered with refer-
ence to moisture also. A position at the foot of hills
may suffer by excess of water flowing from them; either
directly throngh humidity due to deficient drainage or
indirectly throungh malaria produced by exuberant vege-
tation. in s plain itself a part depressed below the gene.
ral level may be damp in consequence of the tendency of
the drainage : and in this way soils which would under
ordinary ciroumstances be dry and bealthy (as gravels)
may be in some instances damp and productive of disease.
~ 500. 8o far as the mere process of growth is cencarned,
vegotation can be productive of good effects only: but
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exuberant growth involves excess of decomposing vegetable
matter, which, under the influence of heat and moisture, is
algost universally believed to be the source of malaria.
Oxlxlibo whole, the good effects of vegetation exceed the
bad. Herbage intercepts much of the solar heat and, by
favoring gradumal evaporation, cools and equalizes the
temperature. Retaining a large proportion of the rainfall,
it regulates the humidity of the atmosphere while, by
preventing too rapid drainage, it helps to maintain the
waterssupply in the soil. Unirrigated crops act similarly,
and neither they nor herbage are ever injurious to hea.ltf;.
Bhrubs and trees have the same effect upon tcmperature
and humidity; but the former always, and the latter,
especially the palms, during the carlier stages of their
growth, are likely to obstruct seriously the free circulation
of air. In the neighbourhood of dwellings, therefore,
brushwood is objectionable and should be kept cut low or
be altogether removed, while full-grown trees should have
all their branches within 10 or 12 feet of the ground cut
off ; unless, as sometimes happeus, a belt of trees shelters
a site from a cold wind or intervenes between a place and
a source of malaria. Finally, since the ganitary effect of
herbage and of forest trees is almost always good, the
growth of the former should be encouraged to the utmost,
and the lattor should be planted judiciously in and about
every inhabited place. In districts where the destruction
of timber has raised the temperature and diminished the
rainfall, the injury done to the climate and sanitary
cogdition of the population should be repaired as far as
possible by plantation.

501. Almost all soils are permeable in some degree by
water; but the power of absorbing and retaining it varies
within wide limits, depanding on the nature of the surface
and of the soil itself. In oconsidering permeability the
chief point, in relation to health, is the retention of water
in excessive quantity by the soil ; producing dampness of
the air and reducing temperature in all cases, and generat-
ing malaria if the other conditions necessary to it
production, heat and the presence of dead vegetable matter,
are fulfiled. Buch rocks, as trap, granite, cloy-slate and the
harder limestones, and dolomites, are practically imperme-
able and irretentive of moisture, not only in consequence of
their structare, but becanse they generally present & slope
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which prevents the lodgment of water on their surface.
On the other hand, clays are commonly flat, so that
water lies upon them; and, though they are little more
permeable than the harder rocks, saturation proceeds”to
the ntmost. Insome cases clays absorb and retain as much
as 10 per cent. by weight of water. Through sandstones,
ckalk, and still more through loose sand, water passes
readily and rapidly; but it must be remembered that the
admixtare of even a small proportion of clay impairs the
permeability of sand and increases its retentiveness.
Humus, or decaying woody fibre, absorbs and retains from
40 to 50 times as much water as sand. The old lacus.
trine deposits, commonly called cotfon soif, are highly
absorbent and retentive; and 'so also, though to a less
degree, is the soil resulting from disintegrated gneiss,
which yields much of our red sol. Laterite is permeable
and irretentive, and gravel eminently so. Lastly, the roots
of living vegetation impede the passage of water through
a soil.

502. To apply these facts to the effects of pdbmeability
on health, it may be laid down, as a general rule, that the
soils which are driest, whether because the water which
falls on them rums off immediately or becaunse it passes
through them rapidly, are also healthiest. Where water
lodges, on or in the ground, the air is damp and cold ; and,
as a consequence, there is a tendency to catarrhs and
rheumatic affections, to phthisis and to malarious intoxica-
tion. Where the soil is dry the air also will generally be
dry, the inhabitants will be free from those diseases and.in
other respects will be in better health. Hence the hardest,
soils, from which the water runs off, and the most permeable
through which i passes rapidly, will (other things being
equal) be the healthiest. A gravel hill or slope combines
both these advantages.

508. There is an,apparent exception to the rule that
permeability of a soil implies healthiness. Gravel, for
instance, may occupy a hollow either in hard roek or in
clay, which holds the water in : andin this way a material
naturally permeable may become saturated with moisture,
It may be added that even a permeable soil, retaining
water for but a short time, may geuerate malarie if
organic matter be present.*

# The sandy soil of the Landes in Burgundy illnstrates this Vocter
exception,
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504. The nature of the surface and of the ground
beneath it determines the power of absorbing heat;
and in this way affects, either by conduction or radiation,
the temperature of the place. The air immediately. in
contact with hot ground becomes heated, but rises and
is replaced by a cooler stratum. The most absorbent soils,
therefore, being the hottest, will be most productive of
air-currents by conduction and convection. The best
absorbents, again, are the best radiators, giving out most
rapidly the heat which they have received. During the
day both processes are going on together; but in the
evening, when solar heat is diminished, and at night when
it is absent, radiation alone proceeds, and those soils which
are most absorbent. of heat cool most rapidly, In warm
weather compact soils are on the average warmer than the
loose ; in winter, or on a fall of temperature in hot weather,
colder. In warm weather compact soils are warmer by
day and colder by night than loose soils ; and are subject
to greater fluctuations of temperature.

505. The color of the surface affects absorbent power
of luminous, but not of obscure heat, the darker shades
absorbing more heat than the lighter; but color has no
effect on radiation. The slope of the surface also, in
relation to the sun’s position during the hours of greatest
heat, deserves consideration; reflection of heat-rays being
greatest and, therefore, absorption least, when the angle of
incidence is greatest. Herbage is unfavorable to absorp-
tion and promotes coolness in this way, besides its action
in cooling by evaporation and in converting solar heat into
vegetative force. ‘

506. The material of which the soil is composed influ-
ences powerfully the degree of absorption and radistion.
The following Table shows™ numerically the power of
absorbing heat possessed by some ordinary soils :—

Ssnd, with lime ... 1000
Pure sand verr e 956
Light clay ... e 069
Gypsam o o 732

Heavyclay ... RO S 1 O
Clayey‘e&rth sos T ane 68'4 .
Pure clay e 667 \

.Finechalk ... v B18
Humuas - = ... o - 490
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It follows that in cooler climates clays and onltivated soils
are ocold; in warmer climates cool: and, on the other
hand, that sandy soils are hot, and hotter in proportion to
the darkness of their color.

507. Two ranges of temperature are observable in
soils—one dinrnal, the other annnal. The former extends
to a depth varying with the solar heat and the nature of the

round, rarely more than four feet in temperate climates.

he distance from the surface at which the temperature
is uniform and equal to the mean annual temperature
is Baid to range from 57 to 99 feet. Observations on these
points in India are much needed.

508. The effects of absorptive power upon health are
those of temperature generally; the most absorbent soils
being the most freely radiant. In estimating these effects,
however, other things have to be considered besides degree
of solar heat and radiant power of thesoil. Agqueouns
vapour in the atmosphere absorbs the radiant heat, which
through dry air would pass into space; and this again is
radiated to dwellings and their inhabitants; so that aerial
hamidity also has to be taken into account. Water
in the soil, again, being evaporated by the heat absorbed,
retains much of the latter as latent. Thus marshy soils
render latent most of the heat which they absorb: and
in this way their poison is not unfrequently antagonized or
neutralized by the cold which they themselves generate.

509. The color of the surface may be important in its
result upon the sight. As blindness may be caused by the
prolonged effect of snow, so the glare of white or of light-
colored ground may be disagregable and even injurious in
countries of bright sunshine. Green being the bue most
refreshing to the sight, treesand grass are to be encouraged
in places where quartz or other white rock occupies much
of the surface; and buildings, instead of being white-
waahed, should be colored according to the materials avail-
able in the locality.

510. Coming now to the effects of soil on health through
the air, we shall consider them under the two heads of
malaria, (which always is used in this Manual in its origi-
nal meaning of the marsh or palndal poison) and other
migsths.

511. Of the nature, chemical or physical, of malarig—
the poison which produces intermittent fevers, neuralgias

1R
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and other well-marked diseages—nothing is known with
any certainty; and it would be useless, for the present

urpose, to discuss it. Most physicians are agreed as to
its origin. It is generated by vegetable matter in the
soil, undergoing slow decomposition, under the influence
of moisture and a certain degree of temperature not less, it
is supposed, than 67° F. (193 C.)* It is probably not
gaseous, becanse it appears incapable of ascending by
diffusion tover{ngreat elevations, and because a belt of
trees is often known to shelter from its influence. It
can enter the blood and produce its poisonous effects,
either by the air breathed or by the water drunk. It can
spread, in calm air, through a cunbe of 1,400 to 2,000 feet ;
t.e. to a distance of 700 to 1,000 feet from its source. It
is carried by air currents to distances of 1or 2 miles; and
considerably farther according to some authorities. Water
opposes its spread, salt-water more effectually than fresh.

512. Although the causes given above are believed to be
invariably present in malarious localities, they are some.
times co-existent in places where paroxysmal fevers and
other effects of paludal intoxication are unknown. There
are two well-marked exoceptions to the rule that sufficient
heat, moisture and decomposing vegetable matter in the
soil generate malaria. Poaty soils fulfil these eondi-
tions, (unless it be supposed that their well known anti-
septic properties prevent the decomposition of the organic
matter which they contain), but in boggy countries, as in
Ireland for instauce, endemic paroxysmal fevers are
unknown: Secondly, tracts regularly covered by the sea
at each flow of the tide are not malarious, perhaps becaunse
the products of decomposition are washed away before
they have reached the stage in which they become poison-
ous. Besides these two exceptions, anomalous cases have
been observed in various parts of the world where malaria
might have been expected to be present and was not.

518. Knowing, then, the conditions necessary for its
generation, it is easy to infer the places where it is likely
to be prevalent. These may be briefly enumerated :—

* The air of marshes contains much organic matter, which is not
destroyed by ozone ; including much animaleular life. Some attribute
its poisonous effects to the spores of algoid plants which are always
present.
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Marshes, in hot or temperate climates, whatever be the
mineral constituents of the soil, containing dead organic
vegetable matter to the extent of from 10 to 45 per cent.
and abundant moisture, will be generative of malaria.
Positions at the foot of hills which supply abundance of
water are often unhealthy, exuberant vegetation being
accompanied by accumnulation of vegetable débris in the
soil. The apparently dry beds of nullahs and ravines
generally have water at no great distance from tbe
surface and often contain much decaying vegetation.
Sandy plains with an impermeable substratum of rock or
clay a few feet from the surface, which holds up water and
keeps the soil saturated, may be highly malarious although
bare of vegetation, owing to the presence of the decaying
remains of previous vegetable growth. In some, vegetable
matter, silicious particles and an oxide or salt of iron
become concreted into & nearly impermeable stratum,
from which the over-lying water slowly dissolves out
the orgaric material and produces malaria. Alluwial
spils, (which constitnte nearly one-third of the soil of
this country), often consist of permeable beds alternating
with impermeable strata of clay, retaining moisture in
contact with abnndance of decayed vegetation ; and these
are undesirable sites, though it is impossible always to
*avoid them. The deltas of large rivers are of this nature.
Salt marshes if only occasionally overflowed by the sea
are unhealthy. Newly disturbed soil, as ground brought
into cultivation for the first time or cleared of brush-
wood by up-rooting, is very likely to be malarious,
Even rocks, as trap, gneiss and granite, when softened by
disintegration, may admit water and organic matter into
their substance by slow percolation ‘and so generate
malaria. It is ifaprobable that their mineral constitution
has any share in the prodaction of this effect ; but some
have ¢ ought differently, and Heyne attributed the M;
fevers to the decomposition of rocks containing ferruginous
hornblende. Lastly, irgated lands, as rice fields, fulfil
the eonditions for the generation of malaria, and in some
countries are virulently unhealthy. In the SBouthern
United States, for example, the rice plantations are almoat
uninhabitable, exoept by the black or mixed races, during
the heat of summer. 1{1 this country Mr. Cornish has
pointed out that rice fields exposed to ses air are mot
sources of malaria, but that irrigationis not innocuous in
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inland districts. The proximity of rice fields or positions
to leeward of them should be avoided for human habitations
as far as possible.

514, The precautions and remedies indicated by a
soil which there is reasen to believe to be malarious are—
thorough drainage; cutting down to the impermeable
sub-soil, if there be any, and in all cases deep enough
to withdraw moisture from the stratum which contains
decaying vegetable matter ; raising the dwellings on solid
basements three feet or more from "the ground, or
(better still) on posts or arches, admitting free passage
of air beneath; interposing a belt of trees or a piece of
water kept at & constant level between a site and an
obvious source of malaria ; excluding, especially at night,
wind blowing from a malarious quarter; (when this is
impracticable, as when it is necessary to sleep in the open
air, the use of mosquito-curtains is said to be beneficial) ;
avoiding disturbance of the soil by the clearing away of
brush-wood from a temporary position and choosing the
hotter hours of the day rather than the morning or the
evening for the work if the position is to be occupied
permanently ; care to obtain drinking-water from a
source uucontaminated by decompusing organic matter;
selection of sites as elevated as circumstances allow—
because, though malaria is not unknown even at a height
of 6,000 feet above sea-level, its power is diminished by
elevation, owing to the diminution of temperature.®

515. Besides malaria, there are other miasms which
may be generated or stored up in the soil, becoming disen-
gaged from it either gradually and uniformly or being
forced from it in greater quantities at certain times than
at others, by the rse of the subterranean water or by the
action of heat. Carbonic acid, marsh-gas and sulpharetted
hydrogen, sewer-gases generally, the specific poisons of
cholera and enteric fever are those which demand notice.

516. The air in soils is almost always- rich in earbonic
acid, sometimes includes '“"h‘ﬂ" and oocasionally
(when sulphates are present) sulphuretted hydrogen.
The proportions of these gases which pass into the atmos-

. * The elevation n for security from malaria varies in
different countries from 400 feet upwards.
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phere by diffusion are so small, however, that their
Ppresence in soils may be considered practically unimportant.

517, Putrefying organic matter in the soil and leaky
drains or cess:pools will evolve sewer-gases and their
accompanying organic vapors, which penetrute the soil
and enter unprotected dwellings through the gronnd on
which they stand. In like manner the specific poisons
generated from the decomposing excreta of the sick may
enter the air of the soil from the surface, from cess-pools
or from drains, and may travel from their sonrce to
distances varying with the nature of the ground. Cholera
and enteric fever are by many supposed to be thus propa.
gated to a distance from their foci through the air which
the soil contains.*

518. The gradual diffusion or intermixture of the ground.
air with the atmospbere may, as has been observed above,
be disturbed by two things—change in the level of the
water in the soil and change of temperature. As the
water rises it displaces and forces out the air (with the
gases and organic matters which it held in solution or
suspension) which filled the interstices of the stratum
now occapied by the water. If, on the other hand, the
level sinks, the evolution of ground-air will be diminished
for the time. Solar heat maintains continual movement,
by convection, in the ground-air, thus promoting its inter-
mixture with the atmosphere; and increase of tempera.-
ture will necensarily increase rapidity of eirculation while
fall of temperature will diminish it. In houses artificially
warmed, again, a powerful dranght is created, drawing
air not from openings above ground only, but also from
the soil. By this means noxious gases and vapors, being
or including matters injurious to health, are forced into
dwellings both from beneath them and laterally from the
soils of yards and streets.

519. The precauntions desirable in order to gnard against
miasmate proceeding from the soil are :— drainage,
preventing sudden rises in the level of the ground-water
and consequent forcing out of noxious gases &o. ; raising
dwellings from the ground on arches or solid basements ;
exclusion of air from below by concrete, asphalte or other
impervious material in or beneath the floor; and, most
important of all, careful choice of site, avoiding, if possible,
allavial soils, and under no circumstances building upon
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soils artificially made up of rubbish containing organic
madtter.

520. The soluble matters in the soil may affect health,
though the water used for domestic purposes. Impurities
introduced into the system by this means may be either
organic or inorganic. The former include the specific
poisons of cholera, enteric fever and malarious diseases.
This subject, however, as well as that of the inorganic
impurities of water, has already been fully considered in
Chapter I1I.

521. Before leaving this part of the subject it is necessary
to say something of ground-water, which has received
much attention of late years, and the effects of which
upon health require further study for their complete eluci.
dation. It is the water which is present in a soil in mass,
fully occupying the interstices. It is distinet from damp-
ness or moisture, which, however, is, to a considerable
extent, dependent npon it ; its rise and fall, evaporation
from its surface, and ascent of water by capillary attraction
necessarily affecting the humidity of the overlying strata.
Its distance from the surface of the soil is not only different
in different places, but varies in the same place ; being
dependent (in the former case) upon the nature of the
soil, as more or less freely permeable, upon the drainage
of the locality and upon the abundance or scarcity of
water ; in the latter case on the rainfall, on the level of
neighbouring rivers or other bodies of water, on the
demand for water from wells &c., and, in some degree, on
the temperature ; 80 that in a given place its level is
changing continually. Unless where restrained by imper-
meable boundaries, so 88 to be virtually a subterrsnean
lake (in which case its surface is horizontal and its move-
ment confined to simple rise and fall), it is in a state of
continual movement, the direction depending oun the line
of drainage and the rate upon the permeability of the
soil.

522. The effects of the movements and the level of
ground-water npon health can en.uil[v1 be inferred from the
above description and from what has been already said
about the results of moisture in the soil. The rise of
ground-water may make & place damp and cold by eatu-
rating the soil ahove it, cansing catarrbal and pulmonary
diseases ; or it may merely supply the moisture necessary
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to the generation of malaria or specific miasms., On the
other hand its rise may check the production of these
poisons by occupying and saturating with water the
stratum which contains the organic matter to which they
owe their origin. 8o, t0o, its fall, after wetting such layera
of soil, may stimulate the production of malarions and
miasmatic diseases ; or its continued depression at a depth
below their level too great to admit of their deriving
moisture from it may have a highly beneficial effect. If the
poison of malaria exists in the ground-air the rise of the
ground-water after heavy rain will drive out the poisoned
air and produce palndal diseases.

523. The connection between enteric fever and the ground-water is

maintained by M. Pettenkofer to be more intimate then that described
above. He has observed, during epidemics of that disease, that periods
of ‘greatest pyevalence and virulence coincided with lowest levels of
ground.water and especially with & rapid fall succeeding an unusual
rise. Such coincidence has not been established elsewhers unless
where other conditions concurred. ¥all of ground-water in a soil
soaked with sewage must be expected to aid in the putrefactive
processes which generate the specific poison of enteric fever, whether
we regard this as due to sewage simply or to sewage containing the
putrefying dejecta of previous sufferers from the disease. Again, low
ground-water implies scarcity of water for domestic purposes, concen-
tration of organic impurities in that which is nsed, percolation of it
through & greater depth of sewage-contaminated soil, recourse to
impure sources avoided at ordinary times. M. Pettenkofer has not
found by chemical analysis that the water at such periods of exacer-
bation of enteric fever contains an undue proportion of organic
.matter ; he, therefore, denies that the impurity of the water is a
factor in the production of the disease ; admitting the necessity for
the presence of the other conditions, namely, a soil foul with animal
impuritice, heat, and the existence of the epecific germ or poison,

24. His views on epidemic cholera are similar. Admitting the
possibility of the ocourrence of sporadic cases independently of rise
or fall of groynd water, he maintains that po epidemic occurs
without the existence of 8 porous soil, impure with animal excretions,
containing the ific cholera poison, and recently moistened by
ground-water. However it may be in Europe, well known facts in this
country render these views on tho genesis of cholera untenable.

525. Tt is evident that the remedies for the evils due to
changes in the level of ground-water are the improwement
of existing and the opening out of new passages for the
water towards its natural destination. Deep and effective
sub-soil drainage will keep the ground-water below the
level where danger begins.

526. To state briefly the sanitary influence of soils :—
impermeable rocks, as granite, gneiss and clay-slate, are
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generally healthy : the water from limestone and magnesian
limestone strata is often excessively hard, and sometimes
unwholesone : chalk, permeable sandstones and gravels are
healthy, generally yielding a pure water-supply : sands, if
free from organic débris are healthy, but many are
malarious ; and the water is often highly charged with
saline impurities : clays and marshy soils, unless thoronghly
drained, are unhealthy: and the worst soil is artificial
ground made by the deposit of miscellaneous rubbish.

527. A complete ExaMiNaTION of & soil for sanitary
purposes should include the conformation of the surface
and its relation to the neighbourhood; the vegetation which
clothes it ; its femperature ; the amount and nature of the
included gases ; its actual moisture ; permeability by,
absorptiveness and relentiveness of, water ; its mechanical
condition ; its chemical constitution, inorganic and organic ;
the level and changes of the ground-water. Some of these
points require to be mentioned only; others need descrip-
tion in detail ; and of the latter some are necessary or
practicable only when thorough investigation of a site ‘is
desirable with a view to permanent occupation.

528. Observations of the temperature of thesoilat a depth of 3 feet
at the periods of maximum and minimum aerial temperatures are
easily made and are useful as indicating absorbent and radiant power
and its probable effect on the local climate, Determination of the
distance from the surface of the plane of constant temperature is also
desirable. :

529. The quantity of gases occupying the interstices of soils varies
with the nature of the latter ; some, us the harder rocks, containing
little or none, others as loose gands, humus &c., holdin, large pro-
ﬁortione either simply or condensed. It may be roughly estimated

y measuring the volume of water necessary to replace the gases in a
known volume of the soil. The latter () is put intoa burette, its
natural condition as to closeness and hardness being imitated as nearly
a8 possible. A second burette, graduated, ocontaining water, 18
connected with the bottom of the first by a clamped elastic tube.
‘Water is permitied to rise gradually throngh the sample of soil nntil
it just covers it and the quantity required for this purpose (5) iv
ob.sler:vd; 100 4 divided by « is the percentage of air in the given
soil.

530. The moisture actnally present in a soil at a given
time is determined by weighing about 10 grams of the

* a (c.o. of soil) : 3 (c.c. of water used or of gases which it
replaces) : : 100 (c. c.soil) : x (gasesin 100¢. c.) ; theretorez=-£ 100,
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sample before and after drying in a platinum dish, in an
sir-bath at & temperature of 125°C.; the loss of weight
being moisture.

531. Degree of permeability is known by digging
holes in the soil after a known amount of rain ias fallen,
or after artificial wetting of the ground ; and observing the «
depth to which the moisture penetrated, immediately and
ultimately.

532. Power of absorption of water is ascertained by
placing 10 grams of the soil, dried at 105°, under a bell-
glass with a saucer of water and an equal weight of pure
sand similarly dried, the latter being taken as a standard.
After 24 hours weigh soil and sand and calculate per-
centages of increase of weight.

533. Capacity for retaining water is ronghly estimated
by drying a considerable quantity (about 100 grams)},
saturating it with water in a tin vessel pierced with holes,
so a8 to allow as much as possible to drain off, and then
re-weighing. The increase of weight may be compared
with that which a similar weight of sand undergoes when
similarly treated.

534. Permeability and other qualities of soils depend in
a great degree on their mechanical condition, by which
is meant the manner in which their constituents are aggre-
gated ; forming rocks (harder or softer), gravels or sands
(coarser or finer), clays, agricultural soils &c.* Those
consisting of differently-sized masses are examined by
picking out the coarser parts from about 1,000 grams,
dried and weighed, washing ont the finer particles by a
stream of water poured into the upper end of a tube, the
lower end of which reaches to the bottom of a cylindrical
glass vessel in which the soil under examination is placed)
and weighing the residue in the vessel as well as the stones
&o. picked out. The difference between the total weight
and the sum of the two latter may be taken as clay, the
effect of which, a8 a constituent of soils, has been shown to
be of great importance.

¢ Thus primitive and metamorphic rocks retain about 1 pint of
water per cubic yard, loose sand 64 gallons, sandstone 27. Clay
retains 10 to 20 per cent. of water, chalk 13 fo 17, light leamy
s0il 20 to 30 and humus 40 to 50,
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535. The chemical constitution is important chiefly on
account of its effect upon the waterof the place. The
first point, therefore, to be determined is the degree in
which the soil is soluble in pure water. For this parpose
10 grams, previously dried, should be stirred with a litre

,of cold distilled water and left standing for 24 hours.
The water, decanted or filtered off, should be examined
for organic matter (138), ammonia, free and albuminoid
(127, 149), chlorine (154), sulphuric acid (189), lime (157),
magnesia (166), phosphoric acid (192), and iron (169).
The residue is then treated with dilute hydrochloric acid,
filtered, and the filtrate is examined for lime and magnesia.
Effervescence on addition of hydrochloric acid will indi-
cate the presence of oarbonates, probably of lime and
magnesia, and may imply bardness of the water.

536. The distance of the ground-water from the surface
will always be deserving of observation and measurement,
whether M. Pettenkofer’s views as to its connexion with
epidemic disease be ultimately adopted ornot. For this
purpose a special well should be dug or selected, covered
to exclude direct rainfall, and reserved for measurements
of ground-water only. A bar of iron or of wood, graduated
metrically or in feet and inches from above downwards, is
the best instrument for determining the distance from the
surface of the soil to the level of the water. In a small
station one such well will be sufficient, but in thickly-
peopled towns with many wells, some used more freely
than others, several places of observation should be chosen
und the mean depth calculated. Measnrements should be
made weekly and the resnlts compared with rainfall and
with the sanitary condition of the population with regard
to epidemic and endemic disease.

537. From what has been said it will be easy to deduce
rules for the cHOICE of a site, whether temporary as of a
camp, or permanent as of a town, a cantonment or a
railway station.

538. A good encamping ground should be dry, mode-
rately elevated, with suflicient slope to prevent the stagna-
tion of water on or beneath the surface. Good water in
abundance should be in the immediate neighbourhood. If
the 'foaition i8 near & river, the risk of inundation by
sudden freshes should be considered. Ground below the
bund of a tank is objectionable, both because it may be
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moist by percolation and because of the sossibility of
inundation by bursting of the bund. The dry bed of a
tank should not be chosen, being probably malarious. If
there are marshes in the neighbourhood, (the presence of
which may be indicated, when careful examination is
impracticable, by abundance of frogs, insects, insectivorous
birds, paddy-birds and other waders), the camp should be
pitched to windward of them. The shade of trees is
desirable, but ground covered ‘with brushwood is unsuit-
able. Bpots recently occupied by another party, whether
of troops or of civilian travellers, are objectionable.

539. Little can be done in the way of preparation of sites
for temporary encampment. Surface-drains may some-
times be cut with advantage, and shallow trenches dug
round each tent, if heavy rain be present or threatened.
Latrine-ditches should be prepared to leeward of the camp
—to be filled in with earth before moving on. On
established lines of march fixed encamping-grounds are
often selected, and their condition requires careful exami-
nation before occupying them. Refuse of all kinds left by
previous occapants should be removed and burned, and
the state of the water-supply examined.

540, The choice of a site for permanent occupation
should not be made until after a yfull year’s experimental
investigation. During this period the meteorology and
climate of the place should be carefully observed in the
manner which will be described hereafter (chap. IX);
the geology of the district examined ; the elevations of the
hills ascertained. The soil and water should be examined,
the finctustions of ground-water observed and the lines of
drainage accurately determined. The health of the
observing party will be a valuable indication.

541. A site being chosen for permanent occupation, its
preparation for baildings &o. will inclnde thorongh surface
and subsoil drainage, the former by paved surface channaels,
the latter by drainage pipes laid on or in the nearest
impermeable stratum. Brushwood will be removed, with
s8 little disturbance as possible of the eoil, the lower
branches of existing trees removed, and others planted
along the lines of road and the boundaries of ecompounds.
The growth of herbage will be encouraged. ollows
shoul%mbe filled up with materials free from animal and
vegotable matter, care being taken that & permeable
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stratum or a drain prevents accumulation of water in them.
The point of chief importance is the drainage of the
ground, so a8 to provide not only for the dryness of the
soil, but also for the removal to a safe distance of water
rendered impure by domestic use.



CHAPTER VL

DWELLINGS.

542. Protection from the direct action of the sun, from
rain, and in cooler climates from cold, renders necessary
the shelter of dwellings. From a sanitary point of view
they must be looked upon as necessary evils attending
civilization, life in the open air being more conducive to
bodily health than residence in the most varefully con-
structed bhouses; and our efforts are directed towards
reducing to a minimum their disadvantages. For this
purpose five points especially require attention, viz.,
dryness, ventilation, cleanliness, removal of sewage and
means of moderating temperature.

. 543. To secure DRYNESS of ggbuilding so0il and materials
require attention. We have seen that vegetable matter
in a soil is apt to generate malaria when moiature is
present ; that other miasms arise from damp “ made
ground ” containing decomposing animal matter ; and
that a2 wet soil, without organic impurities, i8 in itself
unwholesome. The driest available natural soil, therefore,
should be selected for a site, measures should be taken to
remove from it any water it may contain and to prevent
moistare which cannot wholly be removed from rising
into floor-and walls. Accordingly a position on a gentle
slope is desirable ; no ground should rise abruptly behind
the site ; all vegetable matters, as roots &c., should be
removed fromsthe selected spot.

544. Deep and thorough subsoil drainage is necessary
in all cases where the soil is not perfectly dry ; and surface
drainage should carry off the rain falling on the building
and near it. The former shounld, if possible, be constructed
in ordinary cases from 4 to 10 feet mow the foundations :
provided with a good fall, if the ground admits, otherwise
digcharging into & well from which the water is raised
#s it aconmnlates. Suvrface drains, paved or asphalted, .
should be made all ronnd the bnilding to receive the rain
falling from the roof, and should communicate with other
drains or with sewers carrying. off the water to a distanoce.

19
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545, Such measures us have been described are, of
course, only applicable to permanent buildings—barracks,
jails, dwelling-houses, large or small. For temporary
habitations, as huts or tents, the best sites available
having been chosen, more can rarely be done than to
attend to surface water, cutting trenches round them
outside, communicating with a good system of surface
drains. The floor should not be excavated nor earth
heaped against the walls outside, but ratber raised, if
possible, by a laycr of stones or dry gravel. The straw or
other material on which the inmates lie should be dry,
green boughs or horbage never being nsed ; and it is
desirable that water-proof sheeting should be interposed
between the dry bedding and the ground.

546. When a site cannot be thoroughly drained, or as
an additional precaution even when it can, means may be
adopted to prevent damp rising from the soil into the
floor and walls. When it is necessary to build on a
saturated soil, a pavement set in hydraulic mortar or a
mass of concrete should ®nderlic the foundations of the
entire building. The walls shounld be imbedded in concrete
up to the level of the ground, or should include a course
of some material impervious to water, such as slate,
asphalte or overburnt bricks. A double course of slate
in cement, inserted where the walls rise above the surface
of the ground, will generally answer the purpose : but the
best precaution is a 1§ inch course of vitrified tile, perfor-
ated horizontally and inserted below the flooring of the
lowest storey. When the soil is merely irremediably
damp, the latter precaution should be tgken and the
whole building should be well raised above the ground
level, cither on a solid basement or on arches. If the
former expedient be chosen, the material of which the
basement is made must be carefully selected, so as to
contain no substance absorbent of moisture and no organic
matter. Arches are costly and on that account suitable
only to barracks or large hospitals. If the soil is not
malarious, the height of 3 or 4 feet thus grined will be
sufficient ; if it is, 8 to 10 feet will not be too much. They
should be open to free perflation, but barred to exclmde
. cattle and prevent the space below the building from
becoming a receptacle for rubbish or filth. Walls are
kept dry by the means already mentioned and by external
* coating with good, impervious cemgpt.
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547. As to choosing materials with regard to dryness,
the least absorbent of water will be the best ; and compara-
tive estimates of the capacities of different substances, as
bricks or stones of various kinds, may be roughly made by
observing the quantities of water taken up by known bulks
after a certain number of hours' immersion. Bun.dried or
imgerfectly burned bricks are very porous and absorbent ;
and, if used for building, should be faced externally with
bricks thoroughly burnt, and internally with hard imper-
vious cement, such as Madras chunam. Sand containing
deliquescent substances, as sea-sand does, should not be
used for mortar. In all cases roofs should be most care-
fully constructed of the best materials for the exclusion
of rain from the walls on which they rest. The surface
beneath the lowest flooring should be impervicus to air
80 &8 to prevent the in-draught of ground-air from below.

548. Dryness of site and buildings is quite as essential
in stables and kennels as in human dwellings, horses
and dogs being mnearly as susceptible of rheumatic and
pulmonary complaints as men.

549. The air of dwellings is being continnally contam-
inated by the pulmonary and cutaneous exhalations of the
inmates and not unfrequently by impurities due to insuffi-
cient supply of water or neglect of its use. Sewage water
and excreta may be allowed to remain in the building or
its vicinity until putrefaction begins and contributes its
products to the impurity of the atmosphere. Hence the
necessity for thorough vVENTILATION, which nothing can
surpersede, both of individual buildings and of such groups
as barracks, jails, large hospitals &c. When the sanitary
condition of the inhabitants of & dwelling of any kind is
unsatisfactory, impure air is more likely to be the source
of the mischief than bad water or improper food.

550. The application of the principles laid down in
Chapter II to the ventilation of ordinary dwelling-houses
needs no special consideration here. It is only necessary -
to say that each occupied room should have direct commu- -
nication with the open air, and should be independent of
other occnpied rooms for its air-supply ; its apéertures being,
so placed and capable of such control as to ensure
abundance of uncontaminated air without draught. For
these purposes the plan, so common in this country, of
baving an open space in the middle of the bouse is well
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adapted, although unfortunatelg its advantages are rarely
secured by piercing the walls of the surrounding chambers
with sufficient ventilatory openings.

§51. Groups of buildings, as barracks, jails, asylums
and such like, should have their individual blocks so
separated and so arranged as to ensare thorough perflation
of the interspaces and free access of pare air to every side
of each. They shounld, therefore, consist of detached
buildings of sufficient size to accommodate 25 persons each
(if of one storey, or 50 if they have an upper floor), as
widely apart as the nature of the ground and reasonable
convenience of administration permit, the intervals being
in no case less than the height of the blocks. Their
length should run north and south, so that both sides
should daily receive the sun’s rays. They should be
arranged in echelon, so that no one should shelter another
from the wind or from the sun’s rays, and a V.plan, with
either extremity turned towards the prevailing wind and
the administrative offices placed within the broader end,
will be found an excellent arrangement.

552. As regards internal ventilation of these blocks, the
first point 18 to avoid crowding. The fewer persons
occupying one barrack-room or jail-ward the better, and
25 may be taken asa convenient maximum for a single~
storey building. In tropical climates each European
inmate should have not less than 72 superficial feet, and
more if possible, with 1,000 to 1,500 cubic feet of air.
space. Beds, in not more than two rows, should be 4 feet
apart, and the height of the room should be between 17
and 24 feet. In colder climates (as in hill-stations) and for
Natives these numbers admit of reduction. Six hundred
cubic feet and 42 superficial may taken as minima, and
rooms ounght not to be less han 12 feet in height. In all
cases it is desirable that sleeping-rooms should be occupied
only during the night, being left open and empty for
thorough airing during working hours. Day-rooms should
be provided for soldiers ; prisoners should work in the open
airor in sheds. When the buildings are two-storeyed the
ground floormay with great advantage be used for these
purposes, the upper for occupation daring the night.

553. Free perflation is the best means of ventilating
such rooms as these ; and, accordingly, deors and windows
should be numerous and on both sides. To this there is
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but one rare exception, viz,, when a malarions wind
blows against one side of the block, in which case no
opening should be made on that side. As before laid
down, there should be but two rows of beds arranged at
right angles to the length of the room, with their heads to
the wall, two between each pair of doors or windows.
These openings may be either directly opposed to each
other, or (as is probably preferable) each may be opposite
to the wall space between two at the other side, and six
such apertures at least are necessary at each side of a room
occupied by 25 men. A row of smaller windows above
the main openings, with swinging sashes, is useful. In
all cases rooms with windows at one side only, or opening
off both sides of & corridor, are objectionuble and every
apartment, lobby or ataircase, shounld have its own sepa-
rate ventilation and communication with the open air.
Verandahs are necessary in these climates, but they need
not exceed 10 feet in width and they should be so con-
structed as to interfere as little as possible with perflation,
being themselves ventilated by protected openings at their
highest part. Sloping roofs are more favorable to thorough
ventilation than flat.  Free ventilation between floor and
ground should be provided for.

554. When climate and other circumstances admit of
free perflation by numerous open doors and windows, it is
unpeoessary to provide other inlet openings. ‘When they
are necessary, 10 square inches should be allowed for each
habitual occupant. Outlet openings are provided either
along the ridge of the roof—the best arrangement for a
one-storeyed building—or by shafts, allowing one of these
for every 12 occupants. They may be built into the walls
or pass up in the corners of the rooms. They are best.
made of wood with a smooth internal surface, rising some
feet above the roof, and having the upper portion blackened
in order to inorease the upward current by the aid of
solar heat. They are surmounted with a louvre and have
an inverted louvre below, where they leave the room.
Their sectional area varies with the cubical capacity of the
room and also with its position. As regards the latter,
a ground-floor room requires 1 square inch of shaft area
for 60 cubic feet, & first-floor one for 55, & second.floor one
for 50. When there are chimneys, which supply outlet-
openings to the extent of about 6 square inches per man,
the total outlet space will amount to 16 or 18 square
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inches for each occupant. If the air is so stagnaut that
natural vontilation is feeble or absent, it will be necessary
to have recourse to the thermantidote.

555. The aggregation of large numbers of heslthy
persons in buildings being unfavorable to health and
requiring great and constant attention to ventilation in
order to obviate its disadvantages, the collection of many
sick in hospitals demands even greater precautions. The
site should be well-drained if clayey, a gravelly soil being
selected, if possible ; with no steep rising ground in front
orrear; and in as extensive an open space as is obtainable.
In addition to the ordinary noxious emanations from
human bodies, the air of hospitals is liable to pollution by
morbid efluvia from sick and wounded, from excretions,
dressings, poultices and bandages. Latrines and nrinals
must be near at band and, if not amply ventilated, will
contribute to the foulness of the atmosphere. Walls, floor
furniture and bedding may absorb organic putrescent
matters and yield feetid and noxious gases or vapors to the
air. To dilute these and other impurities it is absolutely
necessary to supply fresh air in quantities limited only by
the avoiding of excessive movement. Many diseases,
moreover, require pure air for their cure. Abundant
supply of good air, then, is the chief point to be considered
in the arrangement and constraction of hospital buildings;
and the best ventilated hospitals are the healthiest or least
unhesglthy. L

556. What has been said as “to the arrangement of
barrack buildings applies also to hospitals. They should
consist of small, detached wards, so far separated as to
admit of freest access of light and air, communicating by
covered passages thoroughly ventilated laterally and above.

557. Each building should be so constructed as to
secare ample space and separate ventilation for each
potient. It should contain a main ward to accommodate
at most 30 patients and one or more smaller rooms adapted
to one or two, each patient having from 100 to 120 feet
superficial and 1,500 to 2,000 cubic. If the building is
two-storeyed, the sick should be placed on the upper floor
only. Furnitare should be as scanty as possible, and of
iron, (as occupying least ), so far as practicable.
Ventilation should be natural, by numerous opposite doors
and windows giving horizontal movement of air and by
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inlets and outlets to give vertical currents, all being so
arranged that no air shonld pass from ome patient to
another, To secure perflation the width of the ward
should not exceed 24 feet. The beds should be placed
along the walls, in two rows only, two between each pair
of windows. Every room, staircase, water-closet, latrine
or urinal should have its own sufficient system of indepen-
dent ventilation, especial care being taken to prevent air
from passing into the wards from latrines &c. Beparate
wards should be provided for infectious diseases.

558. When soldiers, coolies, prisoners or others are
housed in huts, ventilation is easily provided for. Mats
of any kinds, bamboos set close together or leaves of palms
or other trees admit of free perflation ; and huts constructed
of these materials, provided they are water-tight and the
inmates are suitably clothed, will be found healthy. When
boards are used and are abundant, the huts should be
tloored, admitting air beneath ; and the walls double with
a space between, a plank being omitted above on the outer
side, below within. If the walls are single a plank set
obliguely, above the heads of the inmates, will admit air,
which mway also be permitted to enter beneath the lowest
plank of the wall. The roof should be provided with ridge
ventilators.

559. When tents are used as dwellings, the necessity
for reducing, as low as possible, the weight to be trans-
ported causes them to be crowded to a dangerous degree.®
The fact that they are but slightly pervious to wir, especi-
ally if wet, increases the difficulty. They should be pitched
as widely apart as possible,t occupied no longer than is
absolutely necessary, and the walls raised in the day-time
to windward and at night at least to leeward. The ventila-
tion of tants admits of considerable improvement.

560. Ventilation of bnildings occupied by cattle is too
often neglected both in this conntry and elsewhere. The
confinement of milch cowsin close, unventilated quarters

# The Madras tent for 26 European soldiers covers an area of 21 X 15
feet, giving 12 feet to each. A sepoy tent is 33 X 16 X 8-4 in cubic
. capacity with an area of 240 to 256 feet.
+ An Indian camp for fen companies extended 210 paces in front
and 360 in depth ; ?ornix troops of cavalry the numbers were 360 and
400, and for artillery 110 and 300, . . :
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does not appear to interfere with the production of milk
or to affect its nutritive qualities, but it is certain that
animals so housed deteriorate in health, The practice,
universal in this country, of housing cattle in the dwelling
enclosures, even in large towns, is most objectionable.
Places where cows or bullocks, sheep or horses* are kept
should have ample floor and cubical space, and careful
provision for renewal of air by ventilation. It will be
sufficient to give the dimensions which are laid down for
horses.

561. In stables not less than 100 superficial feet and
1,600 cubic should be allotted to each horse. Closed
buildings are unsuited to hot climates where shelter from
excessive rain and from the direct action of the sun’s rays,
such as trees afford, is often quite sufficient for health. A
shed, either donble with stalls at each side of a central
wall or (as is preferable) single with front walls 12 feet
in height from ground to eave, central or back wall 8} feet
higher, and 16 feet in depth, will supply approximately
the space required. The stalls should be 6 feet in width,
each having its own entrance in the frout wall, and, if the
shed be single, apertures for ventilation in the back wall.
The roof should be provided with ridge-ventilation and
there should be a space between eaves and wall. The
entrance-front is turned towards the sea-breeze, if there be
any, or to the prevailing wind unless it be a malarious
land-wind. A verandsh from 6 to 10 feet in depth and 6
feet in least height may run along the whole front with
advantage.

562, Without cLEANLINESS in dwellings parity of the air
is impossible. 'Walls and floor must be kept scrupulonsly
clean, soiled clothes put away in unoccupied rooms and
washed as soon as possible, water used for’ ablution
removed from the house without delay and excreta dis-
posed of at once. An ample supply of water, freely used,
is essential.

563. In barracks, jails &c., where many persons are
collected together, cleanliness is all-important. Barrack-
rooms should be floored with such material as to admit
of being washed once a week (as little water as possible

* Poultry are often kept in houscs so small that health is impossible,
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being used) and dry-scrubbed on the other days. For this
purpose hard stone or tiles, closely set with good cement,
- good timber planking, closely fitting, or asphalte are the
best. The walls internally should be lined with hard
ceraent which can be frequently washed withsoap and water ;
or, failing this, white-wash, made from thoroughly burnt
lime, should be periodically applied, dirty places having
first been carefully scraped. Ceilings are to be similarly
treated. In Native jails the floor must be often leeped and
the walls whitewashed. :

564. Provision for ablution should include a swimming-
bath if possible. Shower-baths are useful in barracks.
Each barrack-room should have an ablution-room at one end
with shower-baths, if water in sufficient quantity can be
supplied ; but always ample provision for minor ablutions,
one basin for four men being the usual allowance. In
Native jails the prisoners should have opportunities for
partial washing provided within the walls, being allowed,
once a8 week at least, access'to a tank or river for complete
ablution. In our Central Jails bathing-cisterns and plat-
forms are provided.

565. In consequence of the rapidity with which urine
evaporates and decomposes, esFecially in hot climates, care
must be taken for its removal from dwellings with as little
delay as possible. In barracks earthenware urinals shonld

e provided for each room in a separate chamber, with
water continually running through them, or supplied with
dry earth. For night-use jars of glazed earthenware are
best adapted, or wooden tubs charred inside, to be emptied
every morning and kept filled with water during the day.
With reference to solid excreta it is only necessary to
remark at present that their immediate or rapid removal
from dwellings is even more essential to cleanliness and
health than that of the urine; and that the latrines or
water-closets should, if allowed to bo within the dwelling,
be kept scrupulously clean and thoroughly ventilated, and
8o pleced that no air can pass from them into other
apartments.

566. In hospitals all precantions necessary to ensure
cleanliness must be redoubled. Walls should be coated
with hard, impervious cement or glazed tiles, and frequently
washed with soap and water; ceilings white once
in three months if possible. Floors should be construoted

.
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of some material such that it shall be impossible for lignids
of any kind to penetrate and lodge beneath ; and a well-set
stone or tiled floor covered with oil-cloth will best, perhaps,
fulfil this condition here. Wards should be vacated
periodically in rotation, to allow walls, floor and ceiling to
be thoroughly cleansed. Beds and other furniture, as far
as possible, should be of iron, not only to save space, but
also because this material is inabsorbent of organic fluids
and capable of being more completely cleaned than wood.
Coir or horse-hair 1& better for bedding than cotton, as
being less absorbent ; and than straw, as being less bulky.
Blankets and other bed-clothes should be light in color, so
that dirt may be at once apparent, and should be frequently
changed. Nothing which can give off effluvia must be
permitted to remain in a ward or its ueighboarhood a
moment longer than can be avoided, especial attention
being paid to the removal of excreta. Urinals, latrines or
water-closets must be kept perfectly.clean, abundantly
supplied with water or dry earth, and continnally visited
by the attendants, the dry-earth system being ungnes-
tionably the best adapted to Indian hospitals. Wards
occupied by specially offensive cases, such as cases of
small-pox, compound fracture or foul ulcers, should be
supplied with deodorants; and dressings, poultices &e.
should be sprinkled with them before removal. The dead
should be immediately removed from the wards.

567, Both the inside and outside of huts should be
whitewashed, and the application of lime renewed after
scraping, whenever the surfaces begin to appear discolored.
The floors, if of planks, should be periodically taken up,
and the space underneath cleaned out. Earthen or gravel
floors shounld be scraped and fresh material substituted
for the removed surface.

568. Tents should be frequently moved to fresh ground,
three days being the longest time that it is desirable that
they should ocenpy the same position. If circumstances
render a change of site impossible, the surface shonld be
scraped off and fresh dry earth or gravel substituted.
Fresh straw should be supplied as often as possible, if this
be used for sleeping on, the soiled beds being removed
and burnt. When a camp is standing for a long time it
would be well to vacate tents periodically, for cleaning
and airing, as in the case of hospital wards.

.
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569. Sewage includes the water which has been used for
washing and cooking, the refuse of trades and manufactures,
the liquid and the solid excreta of the inhabitants of dwell-
ings and of their domestic animals,® These should be
removed as rapidly as possible and so disposed of as to be
productive of neither danger nor incouvenience to any
one.t

570. So far as the private houses of Europeans and
of the wealthier class of Natives in this country are con-
cerned, the system adopted for the removal of sewage
requires ounly attention to a few details to be sufficiently
satisfactory. The water from the bath-rooms and dressing-

*rooms should be led away from the house by drains and
not allowed to sink into the ground close by. Water from
cook-rooms requires still more care for its removal and the
drain which carries it away should be frequently flushed.
Excreta, solid or liquid, should be immediately removed, if
the not altogcther commendable practice of using bath-
rooms as latrines be permitted. It is certainly preferable
to have a latrine of some kind separate from a house, con-
nected with it, if necessary, by a covered passage. In
either case a deodorant should be applied to feces—wood-
ashes, dry earth, carbolic acid or McDougall’s powder.
If daily removal from the premises is impracticable, excreta
may be allowed to accumulate, (as far as possible from
dwellings), provided they be fully deodorized, until they
can be utilized for the garden or carted away to the
common receptacle of town refuse. Cess-pools in com-
pounds, or pits not periodically and freqdently cleared, are
absolutely inadmissible. In the houses of the poorer

* Avcrage (Enropean) sewage is estimated to include 72 parts per
100,000 of solid matter in solution, and 46 parts suspended.

+ The following are convenient deodorants of sewage:—1 gallon
of saturated solution of perchloride of iron to 15,000 gallons of
sewage; 1 1b, sulphate of iron in 8 gallons of water to 1,000 gallons ;
3 gallons dilute carbolic acid to 1,000 gallons.

1 In certain circumstances the use of cess-pits may be an unavoid-
able evil. They should then be carefully constructed as far as
possible from dwellings, and frequently emptied. Thmhould be
square in horizontal section, lined with cement and od with
l)uddle clay. A partition should divide into two receptacles ; one for
iquid matters, which should be pumped up for irrigation. They
must be covered in, and provided with ventilating pipes containing
trays of charcoal frequently chenged. Xvery precaution must be
;&keg to prevent the possibility of drinking-water being contaminated

y them.



298 DWELLINGS,

Natives, the habits of the people, especially in the country,
prevent the accumulation of excreta ; except, unfortunately,
in case of illness. The ashes of wood or of bratties are
freely applied, however, and disease can rarely be traced
to this cause. Provision for the removal of foul water from
such houses is generally very inadequate, it being in most
cases allowed to trickle out of the cook-room &c. and
stagnate where it issues. Efficient house and street drain-
age and abundant water-supply are the obvious remedies.
for this state of things.

571. The removal of sewage and its ultimate manage.
ment become much more serious and difficult questions,
when many persons are collected together in towns or
cities ; and even in relation to barracks, prisons or other
large buildings. In these cases sewers have to, be pro-
vided, requiring careful adaptation to the circumstances
of the locality and the work they have to do. How to dis.

ose of the sewage which they remove from the buildings
Ea.s also to be considered, a problem which does not admit
of any general solution, its conditions varying so widely in
various places.

572. Some of the items which make up the quantity
of sewage admit of estimation. The urine may be
calculated at an average of 40 flnid ounces daily for each
man, woman and child ; or 25 gallons for & population of
100 persons of all ages and both sexes. The solid excreta
of an adult European weigh on an average 4 ounces and
the average for aumixed European population may be taken
at 2} ounces.* The corresponding quantities for Natives
will be 12 and 7} ounces. While the urine may be
removed by sewers without any but economic objections, it
is eminently undesirable to admit the feces to them and
other methods of removal must, if possible, be adopted.
The refuse water which makes up the greatest part of
sewage cannot be calculated beforehand, depending as it
does on the water-supply and other considerations.

573. The object of sewers being the removal of refuse
matter from dwellings quickly and safely, we bave to
guard against obstruction, against the escape of foul or

* Letheby gives the average of urinary secretion of & mixed popu.
lation as 31°851 daily, and of solid excreta as 2784 : 2,266 1bs. of the
former and 177°5 1be. of the latter, daily, for 1,000 persons.
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noxious gases into houses or their vicinity and against the
contamination of the water.supply by leakage of liquids
and gases into the soil. The materials, construction, venti-
lation and cleansing of sewers have to be considered, with
a view to obviating the disadvantages to which they are
lisble, defective sewerage beiug worse than nome. The
division into house-drains and street-drains is convenient.

574. The best materials for the former are pipes of
glazed earthenware, their size regulated by the amount of
refuse to be discharged, but never falling below 4 inches
diameter. This size will be snfficient for a water-closet or
a sink and will commaunicate with a pipe of 6 inches. A
pipe of 9 to 12 inches diameter will be sufficiently large to
carry off the house.refuse of 1,000 persons. Street-drains
may be of the same material up to a diameter of 24 inches ;
but for any size above 12 inches well-burnt bricks set in
hydraulic mortar will be best.

575. As regards the construction of house-drains, the
shief points are sufficient fall and accessibility for cleaning
or repairs. If the discharge of water be very copious, fall
may be dispensed with but, in general, an equable gradient
»f 1in 48, or { inch in a yard, is desirable. The pipes
should not run beneath foors or be built up in walls; and,
where the latter are pierced for the passage of drains, the
>penings should be large enough to allow easy removal in
:ase of breakage. Street-drains should be oval in vertical
section, the smaller end downwards, none being of a
mmaller size than 6 inches diameter and all of such
limensions as to carry off the ordinary amount of sewage
without being more than two-thirds full. They should be
made of materials impervious to water, ag brick in cement.
The groudd on which they rest must be hard and firm,
subsigence of any part leading to fracture and leakage or
to obstruction from solid matters being arrested in the
hollow. Suadden differences of level are objectionable; if
any exist, free access at the spot should be provided by
a man-hole to prevent accumniation of solid refuse. The
fall shonld be equable, varying in degree inversely as the
size of the sewer and the guantity of water passing thm’ﬁh
it; abundant flushing compensating deficiency of fall,
though the latter should alwa.{:obe provided if practicable.
From 1 in 250 to 1 in 750 should be sllowed, tm
gradient being sufficient when the watersupply ie -

20
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ately abundant. The velocity of the stream shonld not be
less than 2 feet per second, nor more than 4}. There
should be no junctions at right angles, either with house-
drains or other street-drains. Changes of direction must
be made by curves of long radius ; never, in main sewers,
less than ten times the horizontal diameter of the
scetion of the drain. Friction should be reduced to the
iowest, both by making internal surfaces as smooth as
possible aud by rvestricting the size of the sewer to actual
vequirements, the same quantity of fluid being more
retarded by friction in a wide than in a narrow drain.
The mouth of a main sewer should be protected against
the entrance of the rising tide, if it open into the sea,
forcing back its contents, and from the action of wind
blowing directly up.

576. The velocity of discharge from sewers is given by the
<quation V=65 a of 2fd: where V is the velocity in cubic feot por
wnute ; & the sectional area of the sewer; f the number of feet of fall
per mile ; d the hydraulic mean depth, i.e., one-fourth the diameter if
the sewer i8 running full, or « divided by the number of feet of

circumference occupied by the stream, if the latter does not fill the
ROWQr.

577. The relation of gradient to diameter of sower and velocity of
sewago-flow is given in the following Table* :—

' Diame- | Velocity . Diame- | Velocity . 11

' terin |in fost per gmlg;:r&t terin |in feet per qui:s?it |

'inches. minute. 4 * | inches. | minute. | YeAWOR- \
4 240 | 1in 36 18 180 1 in 294
6 220 1, 6 21 180 1, 343
3 220 1, 87 24 180 1 ,, 392 i
9 220 1, 98 30 180 1 ,, 490 !
10 210 1, 1ue'l 3 180 1, 688 l
16 180 1, 244 48 180 1, 784 |

578. Within the dwelling, at the junction of the house-
drain with the street-sewer and along the whole course of
the latter, careful provision must be made for ventilation.
Good materials and skilful construction will fail to prevent
the escape of foul gases into houses unless means be taken
for their discharge in places where they will be rendered
innocuous by dilution. If water-closets are used, & venti-

* Quoted by Professor Parkes from M., Wicketeed.
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lating pipe should rise from the drain close to the closet.
terminating above the top of the building. House-draine
should. not directly join the street-drains into .which they
discharge ; the corresponding mouths being connected
by one of the many forms of trap, open to the air, permit-
ting liquids to pass, but opposing a stratum of water not
less than § inch in depth to the passage of gas from street-
sewer to house-drains.* If, however, there be strong gase-
ous pressure in & drain, the gas may pass through water in
a trap and get into a building thus protected. The junction
should be as far as possible from the house ; and a ventilating
shaft or pipe, rising from the street-side of the trap and
carrying up the gases issuing from the sewer, will be useful.
Main drains should have ventilatory openings with lofiy
shafts every 100 yards. Trays containing charcoal broken
into small pieces may be placed with advantage at all open-
ings, care being taken that the layers of charcoal be not so
thick as to impede the passage of the gases through them.

579. Bewers of every kind must be kept free from
obstruction by regular cleansing, for which flushing is the
best means and one which should be used at least once a
day if poseible. In houses with an ample supply of water
there is no difficulty in arranging for a copions discharge
through the drains at one time daily. Water-closets and
sinks may have boxes beneath them to receive the water
&c., so suspended on pivots as to turn over and empty their
contents into the drain-pipe only when completely filled.
Street-drains also must be periodically flushed unless the
fall and abundant water-supply render the operation
unnecessary. They should receive the rainfall except in
those rare cages in which this is so copious within short
periods as to make provision for its discharge by the sewers
inordinately expensive. They should be large enough to
admit of the passage of a man throngh them, and facilities
for frequent perio%ioal inspections should be afforded b
maa-holes, in the side if possible, which should be closed,
when not 'in use, with air-tight iron doors. It often
happens that matters collect on the walls and roof of

# A oconvenient trap consists of an iron box divided by a vertical

ition not reaching to the bottom and holding water to at leest §
inch above lower margin of tion,” The house-drain
into one division of the box, the other into the street-drain.
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sewers, which resist flushing and require other measures
for their detachment.*

580. The removal of sewage from dwellings and their
neighbourhood, with as little delay as possible, being effected
by sewers or otherwise, a question of great and growing
importance has to be answered, viz. How is the refuse of
cities, towns and large institutions to be disposed of ? In
the case of thin country-populations there is no difficulty;
the soil receives and deodorizes excreta &c., and plants
utilize them. When larger collections of people are con-
cerred the problem becomes one of considerable .difficnlty,
two sanitary axioms being premised, viz., that sewage must
not be allowed to remain and accumulate near dwellings,
and that it must not be buried in pits. The utilization of
sewage aftor removal is, for our purpose, a matter of
secondary consideration, though it will he found that the
best method of disposing of sewage is to apply it to the
fertilization of Jand.+ Two other plans may be briefly
considered before describing the principal proposals for
carrying out this object. Sewage may be discharged into
the sea, oriuto a river.

581. Discharge into the sea is sometimes 8 convenient
means of disposing of sewage : and it is one which, with a
few simple precautions, is seldom objectionable, except
from the economic point of view, highly valuable fertilizing
material being wasted. The outlet of the pipe leading
from the sewer should be submerged at low water. Its
mouth should be provided with a tide-Sap, opening out-
wards, to exclude, as far as possible, the sea-water. When
the mouth is uncovered, it should open so as to prevent
the wind blowing up the sewer and forcing back the gases.
As this result cannot always be prevented, it is well to
place & lofty ventilating shaft upon the sewer at its junc-
tion with the outlet-pipe.

582. Discharge into a river is permissible only when
the water is not used for domestic purposes in any part of

* The sanitary statistics of towns which bave recently been
‘provided with efficient sewerage show a remarkable decline in the
:tal death-rate a8 well as in the number of deaths due to enterio

ver.

* The manurial value of the urine excreted in 24 hours bears to
that of the fmces the ratio of 6 : 1.
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its subsequent course before complete removal of putres-
cible matters has taken place by subsidence, by the growth
of water-plants and by oxidation ; or when the volume of
water bears s0 very large a proportion to the sewage as to
render the latter harmless by dilation. It is impossible to
lay down beforehand when either of these conditions is
fulfilled in any particular case ; purity of the water on
careful examination is the only test. In India it ravely
happens that this method of disposing of sewage is practi-
cable with due regard to health, on account of the shrink-
ing or drying up of rivers during the hot season.

583. Both the methods mentigned above are open to the
the serious objection that they involve the waste of invalu-
able fertilizing material ; and combustion of the more solid
refuse is little less wasteful, though more effective and
more safe. Cinerators should be erected for this purpose,
as far from habitations as possible ; and the resulting
ashes can be used as a deodorant and as a manure. In this
country cultivators will buy ashes for manure, but not dry
rubbish ; so that, on the whole, combustion is one of the

. best means of getting rid of dry refuse.

584. Many other plans have been suggested and
employed which combine the removal of sewage with its
utilization by application to the land. The most impor.
tant of these may be briefly considered under the heads of
treatment by subsidence, by precipitation, by filtration, by
irrigation, by trenching and by dry methods.

585. Treatment by subsidence is suitable only for small
quantities of sewage, as the product of a house, a barrack
or jail or, at 1post, & village. The sewer discharges into
& tank, or into trenches four or five feet deep and eighteen
inches wide at bottom, with outlet or ontlets at top. The
more solid parts subside, are periodically removed and,
being mixed with other eolid refuse or with earth, are
applied as manure. The effluent water, still containing all
dissolved and much of the suspended impurities of the
sewage, is to be nsed for irrigation only, being altogether
unfit for admission into streams or rivers.

586. The latter remark is applicable to the water which
flows off after precipitation processes also. In these the
sewage is received into large tanks and certain substances
are then added to it which promote the separation and
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subsidenee of a large proportion of the solids suspended or
dissolved, the subsided mnd being used a8 manure. Lime
is 8 good precipitant but impairs the fertilizing property
of the result by removing ammonia. Aluminouns substances
ave more suitable; and the A B C process, which employs
a mixture of alum, blood, clay and charcoal, appears to
have been somewhat successful, financially. Charcoal of
various kinds has been recommended, as well as other
substances which it is needless to enumerate.

587. Piltration requires a large exlent of surface, a
permeable soil and deep subsoil drainage with suitable
discharge. The ground should be divided into four parts,
so that the sewage shonld flow over each for six hours.
A loose marl containing alumina and oxide of iron is the
soil best adapted to this process, but sand answers well.
. The drains should be at least six feet from the surface,
when, allowing one cubic yard for 8 gallons of sewage,
one acre (giving 9,680 cubic yards) would filter 77,500
gallons in 24 hours. In some cases an acre has taken
100,000 gallons. The land should be cropped to remove
the intercepted solids, which include all suspended and
some dissolved matters, ammoniacal salts among the latter.
Nitrogenous organic matter is either retained in the soil
or oxidized if the sewage is not excessive in proportion to
the land. Tho water draining off after such filtration,
carefully conducted, is apparently good and may be dise
charged into large streams and used for some domestic
purposes ; but it should not be drunk.*

588, Bewage irrigation yields on the whole more satis-
factory results than any other of the wet methods and i
more generally applicable. It requires an extent of surface
(varying, of course, with the degree of looseness of tho
soil) which may be roughly estimated as one acre for every
100 persons in the community and about 70 yards square
will receive 2,000 gallons of sewage in 24 hours. Largo
crops of grasses, cereals, roots and culinary vegetables
can be raised, year after year, from land thus jrrigated.t

_* The standard purity of water effluent after filtration or irriga.
tion, ae fixed by the Thames Conservancy Commissioners is, in grains
per gallon :—Total solids, 70 ; suspended, '8 ; organic carbon, 2 ; organic
nitrogen, 0'75.

4 In India the most peying crop yet tried is Aurryali grass.
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The sewage should be brought to the land as rapidly as
possible and putrefaction may be advantageously delayed
or prevented by the addition of small ¢quantities of carbolic
acid, Theliguid trickles down a prepared slope, over the
ground to be irrigated, at the rate of 8 feet per'hour, satur-
ation of the soil being guarded against by deep draining
unless where it is so sandy® or otherwise permeable as to
render the precaution unnecessary. Irrigation should be
intermittent, to ensure aération of the soil. The effinvia

> are rarely such as to constitute a nuisance, but it is desir-
able to choose ground distant from honses. Enteric fever,
dysentery and the prevalence of entozon have been pre-
dicted as probable consequences of sewage irrigation, but
there is no evidence of the occurrence of such results, nor
need they be apprehended if reasonable care be used. In
some places the practice has been pursned for years
without any bad effect. The water is not freed from
impurity by irrigation to the same extent as by filtration ;
bat it loses its suspended matters and some of its dissolved
organic impurities, if not allowed to run too quickly off the
land. The financial results of this method are more
satisfactory when rain and surface water are excluded
from the sewage.

589. The system of trenching is well adapted to jails,
where labor is abundant. The solid and liqnid excreta,
‘with or without admixture of dry earth or other substance,
are collected daily and buried in trenches, from a foot to
foot and a half in depth, which are filled in with earth.
After two or three months, the ground is plonghed over
and cropped. When two or three crops have been taken
the process pay be repeated. Where there are soldiers’
gardens this plan may be applied to barracks with great
advantage. _

590. The dry methods consist in mixing some deodo-
rant with the excreta, excluding water as far as can be
done, and removing the solid mixture for application to the
land., Itis desim%le to keep the solid and liquid excreta
separate if possible, putrefaction being thus retarded.

hen water is deficient, or when, though there is
abundance of water, there is no fall for sewers, it will be
necessary to remove excreta at regular intervals by some

# Sandy soils yicld the best results,
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means of this kind. Where labour is abundant, as in jails,
or where expense is unimportant in comparison with perfect
clennliness, as in barracks and hospitals, dry 'methods
must be adopted. The ashes of wood or bratties, char-
coal, McDougnll's powder or dry earth may be added to
the excreta; ashes being the cheapest and most effective
for fiecal matters, but not for urine on account of the
liberation of ammonia when alkaline bases are present. In
some of our municipal towns ashes from the combustion
of dry rubbish is superseding dry earth, the cost of produc-
tion and removal being considerably reduced.

§91. The best kind of dry earth for this purpose is that
containing vegetable matter. Applied to sewage, solid or
liquid, it deodcrizes it at once. Intimately mixed with
the excreta by means of a kind of mill and kept stored ina
shed, protected from water, it may be used four or five times
in succession before removal for nse as manure, in which
condition it is called poudretle. It should be added
immediately to the femces; the urine, if it can be kept
separate, shonld, after receiving a small quantity of carbolic
acid, run into a box filled with dry earth. Frequent
periodical removal is essential to the efficient working of the
system. Three pounds daily will be required for each
European and five pounds at least for each Native. The
large amount of labonr required and the difficulty of
keeping the earth dry in the rainy season are objections to
the use of dry earth; but, in the cases of jails, hospitals,
barracks, schools &c., are far outweighed by the benefits.
The impossibility of maintaining the requisite supply of
earth must always prevent the application of the method
to large towns.

592. We have now to consider the means of adapting
our dwellings to climate, that is, of moderating TEMPER-
ATURE a8 may be most conducive to health and comfort.
Houses may need to be either cooled or warmerd, the latter
being rarely necessary in the stations with which we have
to deal.

593. In tropical climates the coolness of dwellings
depends to a considerable extent on their original con.
struction and materials; at least attention to these will
make houses less hot. For positive cooling the evapor-
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ation of water is almost the only means at our disposal,
with the aid of artificial ventilation if the air is stagnant.

594 Honsegp should be built of the material least absor-
bent of heat which can be obtained. Thick walls of brick
absorb much heat during the day, giving it out again at
night, Walls should be white externally or of some light
shade of color less trying to the eyes. Thatch is a good
material for the roof but shelters rats, snakes &c. and is
exposed to the risk of iucendiary or accidental fires. A
layer of thatch under tiles conduces to coolness. -

595. Much may be doune by carefyl construction to
exclude excessive external heat from dwellings. Double
walls with openings into the interspace above and below,
so 88 to allow free circulation of air, will be found effective.
Verandahs should shelter, as far as possible, the main
walls from the dircet action of the sun. The upper por-
tion of the walls of barrack-rooms, school-rooms and the
like may be open work of brick or tiles, protected from
sun and rain. Roofs, if terraced, should be double with free
admission of air between. In places where the days are
hot but the nights comparatively cool, glazed doors and
windows should be provided, which can be closed at sun-
rise and retain the cool night air for several hours. A
donble door helps to exclude the heated external air. This
plan is only applicable to houses spacious in proportion to
the number of their inhabitants. Applied to schools &c.,
it is liable to abuse and neglect of efficient ventilation.

596. Cooling by evaporation requires that the air shall
be dry, (to absorb the watery vapor), and in movement, to
bring fresh volumes of air into contact with the evapor-
ating surface. Sprinkling water on floors is useful in some
degree. A hot, dry wind blowing throngh a mat of
kuskus or of ordinary grass cools the internal atmosphere
considerably. If there be no movement of the air, the
punkah or the thermantidote must be employed. Wet
cloths or tatties or melting ice may be placed in the mouth
of the latter and a wetted fringe of kuskus attached to the
former. , None of these methods will avail if the moisture
of the air* exceeds 70 per cent. of saturation.

* The latent heat of water in vapor is 966°66 F.; or, in other
words, 10 Ibs. (a gallon) of water in evaporatingabsorbs from surround-
ing snbstances as much heat as would raise 9,667 1bs. of water 1°F,
The evaporation, therefore, of one gallon will (theoretically) cool 9,667
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597. In colder climates buildings require to be warmed
artificially, though, except for aged persons, infants aud
some sick, it 18 a matter rather of comfort than of health.
Healthy adults, provided with sufficient food "and clothing,
will generate and retain heat enough for the needs of the
system in any climate. The old suffer from cold, and a
severe winter in temperate climates proves fatal to many ;
a lower temperature than 60° F., therefore, should be
avoided. The thermometer should not be allowed to fall
below 70° in rooms where new-born infants lie. As to the
sick, hospital-wards should vary in temperature according
to the nature of the diseascs which they receive. Acute
febrile diseases with great heat of skin are benefited by a
low temperature and the slow passage of cool air over the
sorface. Convalescents from such affections, however,
bear cold ill, and wards intended for them should not be
colder than 60° F. Burgical wards rarely require artificial
warming if the guantity of bed-clothing be carefully
regulated. In all cases where artificial warming is earried
on, care must be taken to avoid the prodaction of dranghts
of cold air; so that when large buildings are artificially
heated the lobbies and corridors should be warmed as well
as the rooms; else cold air will enter the latter when
the doors are opened.

598. Warming by radiation which communicates heat
through, but not to, the air, is the best for health. It is
done by the open grate, the stove, hot-water, or hot-air, or
steam pipes. Another means is the introdnction of hot-air
directly into the room or building.

£99. The use of the open grate is costly and wasteful ; and
a8 the heat emitted diminishes as the square of the distance
from the radiant surface, this method is unsuited to large
rooms. It has the advantage of miding ventilation b
supplying an outlet opening and a powerfnl dranght. 1f
preferred, as it often is, on account of its greater cheerful-
ness and through force of habit, the fireplace should be so

1bs. of water 1° F., or 48335, 20° F. 'The specific heat of air is 0-2375,

that of water being 1; therefore what would cool 48335 lba. of water

20° F. would cool (483-35-~0-2375=) 2,035 1bs, of air; or 26,456 c.f.

a temperature and pressure at which about 13 oubic feet

weigh 11b. At 80° F. the number of cubic feet of air cooled 20° F.,

g;bgcamplete evaporation of one gallon of water, may be taken at
’ . ‘
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constructed as to economize fuol and secure to the utmost
radiation of the heat. The grate and fireplace invented
by Count Rumford fulfil these conditions. In these the
width of the grate at the back is one-third of the depth
of the hearth-recess, the sides of the latter sloping outwarda.
The depth of the grate from before backwards is equal to
the width at back. Sides and back of the recess should
be built of non-conducting material. The opening into
the chimney is narrow and capable of modification in size,
for manasgement of dranght and rate of combustion. The
grate should be set as far forward as possible, but directly
under the chimney-throat, so that the products of com-
bustion may be completely removed. A well-constructed
grate of this kind will radiate heat into every part of a
small room.

600. Stoves are convenient for warming huts but their
use is attended with oconsiderable disadvantage. They
impart & good deal of heat to buildings inasmuch as they
not only radiate but, becoming hot externally, heat the air
in contact with them and act by conduction and convection
as well a8 by radiation. In some air is heated, besides, in
chambers, and poured into the room. Ifallowed to grow too
hot the air is burnt and smells disagreeably. Not unfre-
quently they become red hot; and if they are made of cast
iron, and if coke or anthracite be the fuel used, carbon
monoxide passes freely throngh them into the atmosphere
of the room.*, This diffusion is less active if the material
be wrought iron or fire-clay. When & stove is used its
chimuey should pass along the hut or room, below the
roof or ceiling, so as to yield as much radiant heat as
possible. ,

601. Warming by hot water circulating in pipes and
giving out radiant heat is, on the whole, the most manage-
able and effective means. It secures a moderate temper-
ature at no great oost. There are two methods of using
bot water for this purpose, low-pressure and high-pressure.
In the former the water is heated in a boiler to a temper-
atare of about 200° F. and circulates throngh pipes,
conveying it into all parts of the building to be warmed,
by convection; apertures being provided at the highest

* It is said that this inconvenience may be obviated by coating the
exterior surface with silicate solution.
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point for the escape of air. Within the rooms &c., the
pipes (which should have a polished external surface
before they enter, to diminish radiation, and be blackened
afterwards to increase it), are coiled, or expand into metal
cases or have the radiating sarface otherwise increased,
according to the cubic capacity of the apartment and the
temperature of the outer air. The latter being variable
the extent of radiating surface required can be only
approximately estimated for any particular case. It haa
been laid down that, with water at 200° F., the quotient of
the cubic capacity of the room in feet by 200 gives the
number of feet of four-inch pipe necessary to raise the
temperature from 32° F. to 55° F. Thus five feet of such
a pipe will warm to 55° F. 1,000 cubic feet of space.
This allowance will probably be found sufficient for
corridors and passages; but work-rooms will require six
feet, and the rooms of dwelling-houses twice as much, for
every 1,000 cubic feet. If the high-pressure plan be
adopted, two-thirds of this allowance, or a little more,
will be enough, the water being raised to a temperature
of 300° F. to 350° F. In this method there is no boiler
and the pipes (which are made of wrought iron, five inches
thick) pass through a fire. There is, perhaps, less risk of
explosion when this method is used.

602. Warming by steam is effective but more costly
than the plan last considered, unless there be waste steam
to be utihized. The radiating surface, one gquare foot of
which is usually allowed for 200 cubic feet, is sometimes
increased by soldering to the steam-pipe plates of copper
or zinc, over which a woollen cloth can be thrown if the
heat become excessive.

608. Hot-air methods, in which air introduced from
withont is heated and then brought into the room, bave
the advantage of promoting ventilation, but they require
carefol management to avoid overheating and to regnlate
the admission of the hot air. The latter may be heated in
a chamber constructed behind and at the sides of an open
grate or stove and communicating by a pipe with the
outer air; or by passing over hot stones or tiles or plates
of iron or of copper, or pipes containing steam or hot
water.

604. The bad effectsa of overheating the air are =
peculiar and disagreeable burnt smell (probably due to
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the charring of organic matter) and excessive dryness of
the hot air. In rooms warmed in this way a difference
of more than 15° F. has been observed between the wet
and dry thermometers, indicating a degree of humidity
much below that necessary for bealth: while in places
warmed by radiation tho diffcrence is never more than
8> F. In such a case the heated air should be broaght
into contact with water before its introduction into the
room, thereby losing some of its excessive hoat and acquir-
ing moisture. The heating surface should be extensive, a
large quantity of air moderately warmed being better
than a smaller body highly heated. The temperature of
the surface should not exceed 140° F. nor that of the air
entering the room 75° F.

605. To ensure proper admixture of the warmed air
with the atmospbere of the room, the former should enter
low down, but in such a place that it shall not be breathed
before mixing and that it shall not immaodiately escape,
either by an open chimney or other outlet-aperture.
There is always a possibility of the current being reversed
and the warmed air blown back, especially when the
weather admits of open doors or windows.*

606. A fow words of caution may be added on the
subject of wall-papers, which are coming more freely into
usé in India. Those of a green color frequently include
arsenic, sometimes in considerable quantity; and the
same mineral is occasionally present in white and cream-
colored enamelled papers, and in drab which have been
tinted with ochre. Recently washable paper-hangings have
been patented, which harden after being put up and which
will be most valuable for hospital-wards or private rooms
in which infectious diseases may be treated.

* A rough estimate of the heating power of various fuels may be
useful in connection with this subject. Taking the calorific power
of good coal at 90, that of wood-charcoul will be 95; coke, 84;
wood, 82; peat, 19.

21
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CHAPTER VIL

CLOTHING.

607. The hygienic objects of ¢LOTHING are the preven-
tion of sudden or rapid reductions of hodily temperature
and protection against excessive solar heat, with as little
vestriction upon the movement of the limbs and the action
of the viscera as possible. The subject, therefore, requires
consideration of the ordinary materials used for clothes and
of the garments themselves.

608. Marrriars differ in powers of absorbing, radiating
and conducting heat, in capacity for absorbing moisture, :
(this quality being of great importance because the conden-
sation of cutancous vaporous exhalations in the clothing is
attended by the evolution, asevaporation by the abstraction,

. of heat) and in permeability by gases. ~Imperviousness to
water from without, or to gases and vapors from within,
is a quality possessed by some materials.

609. Amount of heat absorbed varies slightly with
material, considerably with color. Thus, the absorptive
power of white cotton being taken as 100, that of white
linen may be represented by 98, of white flannel by 102,
of white silk 108. If differently colored cotton shirtings
be compared and white be taken as 100, pale-straw will be
102, dark yellow 140, light green 155, dark green 168,
Turkey red 165, light blue 198, black 208. Conduction
depends partly on the nature of the substance iteelf,
partly on the degree of looseness of texture of the fabric.

610. The color or texture of & cloth has little influence
upon its power of radiation, in which silk and cotton
exceed wool. Permeability to air is necessary to health
and comfort, and varies considerably in different materials.
Thus, taking the permeability of flannel at 100, that of
linen is 58, of silk 40, of buckskin 58, of chamois 51.

611. Cotton, linen, wool, leather and india-rubber fabrics
are those which require notice. O#tton, the commonest
and cheapest material for clothing, is used either alone
or in combination with linen, silk or wool, It is durable;
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non-absorbent, (so that perspiration passes through and,
evaporating, produces chill), and slightly inferior to linen
in conducting power but much superior to wool. Cotton
clothing, therefore, is well adapted to hot climates, except
while the body is perspiring after exertion; in which case
8 dry woollen inner garment is preferable. Merino and
similar fabrics are cotton with 20 to 50 per cent. of

wool, the two materials being open together to make the
yarn

612. In conducting power and absorbing capacity linen
is slightly superior to cotton. The two substances and
fabrics in which both are mized may be considered equal
in suitability for clothing.

613. In cold climates the low conducting power of
wool makes it the best material for protection against
cold. Its great superiority to cotton and linen in absorp-
tive capacity renders it most suitable for under-clothing
in all climates; and especially after exertion, when it
condenses the cutaneous vapor and so, by causing evolution
of latent heat, prevents too rapid cooling. Woollen fabrics
deteriorate by washing, shrinking and becoming harder.

614. It is somotimes uscful to be able to distinguish these three
materials from each other, adulterations and admixtures being not

unfrequent. For this purpose the microscope and chemical tests can
be employed.

615. The misroscopical ap nce of cotton-fibre is that of a
flat ribbon with thickened edges and twisted sbout 600 times in an
inch. Linen-fibres are finer, cylindrical and slightly kmotted at
regular intervals. Wool-fibres are cylindrical, crossed obliquely by
lines and longitudinally by fainter marks. The markings become
indistinet by age and wear and the fibres soparate into their consti-
tuent fibrille.

616. Cotton and linen, both composed principally of cellulose, have
nearly the same ohemical characters but may be distinguished by
the more rapid eolution of the former in ammoniacal solution of
‘copper. They agree in being colored brown by iodine, blue by
minute quantities of iodine and sulphuric acid; in being qndmsolved
in boiling liquor %%tasssa of sp. %r 1060 and in not becoming yellow
in strong nitric. ool is sofub o in boiling liquor potasss, is little
affected by strong sulphuric, is colored yellow by nitric and: is
insoluble in solution of copper in ammonia.

617. 8h is old woollen cloth mixed with other materials and
re-nlzz.de. o%‘xlx{ier the microscope the foreign fibres can be recognized
and the wool-fibres will ehow various colors as well a8 be irregular in
figure, with markings indistinet. Shoddy yields more readily to the
action of liquor potassse than new wool.
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618. Leather is rarcly used, except in the coldest
climates, for any clothing but that of the hands, feet and
legs. It is impervious to rain and wind, as well as a bad
conductor of heat, and is, therefore, avery warm material
for dress. It retains and condenscs the perspiration and
is for this reason unsuitable for constant wear, (gxcept n
boots, shoes and leggings), in hot or temperate climates.

619. Watcr-proof fabrics, generally preparations of
india-rubber, have the samc advantages and disadvan-
tages ag leather. They are apt to soften and stretch in
hot climates ; but will be found tseful, in coverings fqr
the whole body and dress, in places where the rainfall is
heavy.

620. The absorption of contagions is supposed to
resemble that of odors; which varies with absorptiveness
of moisture. On this color appears to have some influence ;
black absorbing most freely, and blue, red, green, yellow,
white, in the order given. It follows that a white cotton
dress is best adapted to the sick-room, a black or dark
woollen garment worst,

621. The GaRMENTs themselves may be divided according
to the parts they cover into clothing for the head, the
trunk, the lower limbs and the feef. One principle applies to
all; namely, that they should be so shaped and so worn
as to admit of the freest action of the muscles and to
excrcigo the Jeast possible pressure upon viscera and blood-
vesscls.

622. The head-dress shounld be light, loose, not conduc-
tive of heat, impervions to rain. It should shelter the
eyes from direct sun-light by projecting in front and be so
formed behind that the rain which falls upon it shall not
run down between the trunk.clothing and the body. An
empty space should intervene between the head and its
covering, with holes for ventilation so placed as not to
admit rain. Its size should be as small as is compatible
with these conditions, which are fairly fnlfilled by hats or
helmets of felt, cork or pith, or basket-work covered with
one of these materials. For native men a well-made
turban is the best head-covering, the fez fulfilling not one
of the conditions stated above, except that of being made
of non.-conducting material. Native women seem to find
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sufficient protection in their hair, being less exposed than
the men to san and rain. European women clothe their
heads only for what are considered to be ornamental
purposes. .

623. For the clothing in immediate contact with the
trunk flannel is the bost material under favorable circum-
stances ; but these do not often concur and disadvantages
may predominate. Flannel is much more costly than
cotton or linen fabrics. It deteriorates much more rapidly
than they do by repeated washing, while, if unwashed, it
becomes much more offensive. Fine flannel under-clothing
therefore is the best when it can be frequently changed,
and replaced when it becomes shrunken and hard; otber-
wise, merino or some other mixed fabric of wool and
cotton or wool and silk should be worn ; and over this a
garment of cotton or linen cloth. Coats or other outer
body-clothing may be of this material, or of silk, in hot
climates, of woollen fabrics in cold ; never made so tight
a8 to interfere with free action of the limbs or the muscles
of respiration, or to press injuriously upon the abdominal
viscera. The dress of all classes of clothed natives,
{except those who, like the sopoys, have been compulsorily
Europeanized, or a few others who have voluntarily sacri-
ficed comfort and health to conformity with Europeans
in costume), is, especially in the case of the women* far

. more reasonable and wholesome than that of the Europeans
settled amongst them. It may be added to what has been
said above about the clothing of the trunk that all pressure
upon the neck by tight collars, cravats or bands must be
most carefully avoided.

624. What }:ms been said about clothing for the trunk
applies also to that of the lower extremities, Inner
drawers of flannel, thin or thick according to climate or
season, will be fonnd as useful as flannel vests or shirts;
and aid in protecting the abdominal viscera from changes
of temperature, thus rendering the use of a flannel belt
unnecessary.

* It is peedless to remark how utterly regardless of the first
principles of hygiene European women of the upper and middle
clasres are, in India and at home, in the matter of dress; how they
sacrifice their own health and that of their offspring to ludicrously
false ideals of grace and beanty.
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625. As to the covering of the feet, stockings or socks of
cotton or wool, or a mixture of both, shounld be worn inside
the boots or shoes.* The former sbould fit closely, without
folds or wrinkles but also without impeding full extension
of the toecs. The latter should be, as far as possible,
impervious to wet, and of such shape and size as to allow
of free extension of the foot in length and breadth during
the action of walking, when it increases nearly one-tenth
longitudinally and rather more laterally. The inner out-
line should be straight, never tyrning outward at the toes ;
the heel low and broad, permitting the normal action of
the muscles of the calf and affording firm support to the
weight of the body. The sole shonld be flexible, especially
beneath the tarso-phalangesl joints, and several contriv-
ances have been suggested for giving flexibility without
admitting wet. Boots and shoes should be ‘“ right and
left " and, if possible, made for each person after careful
measurement. Sepoys should perform their ordinary
duties bare-foot and be provided with sandals only for use
on exceptionally rough ground. Bare feet are much more
cleanly than dirty stockings or boots ; and the sole becomes
sufficiently hardened and thickened by use to render it
secure from injury in ordinary life. European children
in this country may be allowed, with comfort and advan-
tage, to remain bare-footed, at least within doors, or to
wear only thin and flexible shoes ; preserving their feet ag
long as possible from the distortion which appears to be
inevitable in after-life, especially in women. :

626. The following preventives and remedy for foot-
soreness have been recommended. The socks should be
frequently washed and greased. Before starting on &
march the feet may be bathed in hot water to which &
little alum has been added ; or dipped in hot water, wiped
dry, and rubbed to a lather with soft soap before putting on
the socks. An ointment consisting of 20 parts unguentum
zinci with 1 part of tannin has been found a useful applica~
tion by the German troops. If the feet are sore at the
end of the march, they may be wiped with a wet cloth and
rubbed with tallow and spirits mixed in the palm.

# The climax of the abgurdity of dressing cur unfortunate sepoya
in ill-fitting imitations of Furopean garments was attained when
they were oompelled to wear coarse and ill.made leather-boota
without stockings. .
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627. Substances applied to skin, hair or teeth, with a
veiw to the improvement of their appearance, are called
cosmetics, They are frequently injurious to the structures
to which they are applied, and sometimes poisonous to the
system. Thus flake.white, blanc de krems, blanc de vinaigre
are preparations of lead carbonate: blanc de perle, which
ought to be bismuth subnitrate, is often adulterated with
the same. Preparations of arsenic are used as depilatories.
Hair-dyes often contain lead, generally the acetate, some-
times litharge ; and mercurial salts are used in pomades
&c. for the destruction of parasites.



CHAPTER VIIL

EXERCISE.

628. Disuse of any organ is followed by malnutrition
or atrophy. Perfect health, therefore, requires the moder-
ate EXERCISE of every constituent of the organism, mus.
cles and nervous system included. By exercise of the
voluntary muscles not only are their own integrity and
sanitary condition maintained, but a healthy state of
brain, digestive systom and other secretory and excretory
organs ensured. In this chapter will be considered the
effects of voluntary muscular exercise, its estimation and itg
proper regqulation.

629. The effect of exercise on the respiratory process
i8 to increase considerably the amounts of air inspired and
carbon dioxide expired. The volume of air required during
a state of rest is quintupled during walking at the rate of
four miles an hour or making equivalent exertion of any
other kind* In anordinary day of work, more than three
and a half ounces of carbon over the quantity excreted
during a day of rest will be oxidized in the lungs, an
excess of more than one-third.¥+ Excessive exertion has,
therefore, a tendency to produce congestion of the lungs;
while deficiency of exercise promotes accumnulation of
carbonaceous matter and deposit of tubercle. The water
expired is also increased, being nearly two and a half
times as abundant in the former case as in the latter.

% The following are séme of the results of Dr. E. Smith’s
experiments on the effoot of exercise on inspiration. Taking the
quantity of air inspired in a lying posture as unity, the quantities
under other conditions were represented by the following numbers :em
pitting 118, standing 138, singing 1'26, walking 1 mile per hour
190, ditto 2 milexs 2'76, ditto 8 miles 8-22, ditto and carrying 84 lbs.
8:60, ditto and carrying 62 Ibs. 884, ditto and carrying 118 lbs. 475,
walking 4 miles per bour 500, ditto 6 miles 7-00, trotting on horee.
back 4-05, swimming 4'33, treadmill 5:50.

4+ The amount of carbonic acid expired in different circumstances
is thus stated, in grains per minute, by Dr. E. Smith :—in sleep 4°99,
lying down and almost asleep 591, walking 2 miles an hour 18:10, ditto
8 miles £5:88, at treadmill, ascending 28:05 feet per minute, 4487,
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630. The force and rapidity of the circulation are
increased and, as a necessary consequence, the amount of
blood supplied to all parts of the body. The pulse rises
from 10 to 30 beats or more above its normal frequency ;
falling subscquently below it, even to the extent of 40 or
50 beats if the exertion have been continued and severe.
During exercise, intermittence or irregularity of the
heart’s action shows that excessive effort is being made ;
rapidity and woakness of pulsation being, by themselves,
compatible with safety. Very violent effort may produce
rupture of the heart or of a large blood-vessel, while lower
degrees of excess lead to both functional and organic
disease. On the other hand, want of exercise promotes
weakness, dilatation and fatty degeneration.

631. Increased action of lungs and heart produces
congestion of the skin, which becomes red and excretes
copiously water, common salt and various acids. So long
as evaporation proceeds normally from the surface the
temperature of the body is maintained at or little above
its normal degree, but anything which checks evaporation
tends to promote increase of heat and render continued
exertion difficult. Anatmosphere saturated with moisture,
for instance, will prevent due cooling by evaporation from
the gkin and render exertion irksome.

632. The wvoluntary muscles, moderately exercised,
grow in bulk and power: but, if over-tasked, waste. Rest
18 essential to the nutrition and repair of muscle, and
even moderate effort too long continued induces deterior-
ation of the tissue. The best exerciges are those which
bring into suitable play all the muscles of the body, with-
out dispropontionate stress on any one or any group.
Walking briskly, riding on horseback, rowing and system-
atic gymnastic training fulfil those conditions.

633. Those parts of the nervous system which commu-
nicate between the will and the muscles and which supply
these with motive power share in the benefit conferred
by moderate exercise. Practised movements are more
easily performed, action responding more promptly to
volition and co-ordination of complex motions being more
complete.  The intellectual faculties nndonbtedly require
for their efficient action and cultivation such a healthy
condition of the circulatory, respiratory and digestive
apparatus as moderate exercise alone can give ; but, beyond
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the degree necessary to this end, though within the limit
- of excessive effort, muscular exercises will be performed at
the expense of intellectual energy ; not only because time,
but still more becanse each individual’s stock of nervous
force is limited. The latter varies widely in amount and
some men enjoy the possession of it in such abundance as
to excel in athletic and also in intellectual pursnits : but,
as a general rule, the distinguished pugilist, pedestrian or
oarsman will not be remarkable for mental power. For a
healthy state of the emotions, also, & due degree of physical
exercise i9 essential, deficiency leading to morbid sensi-
bility and to the disorders commonly called hysterical,
sometimes to hypochondria. Excessive sexual feeling,
being more dependent than other emotions on physical
conditions, may be controlled by the derivation of nervous
energy which great bodily exertion effects.

634. The digestive organs necessarily share in the
advantages of the quickened circulation which exercise
produces. All the processes of digestion are more actively
performed ; and food, demanded in greater guantities, is
digested with greater rapidity than in a state of rest.
The loss of carbon through the lungs requires to be
repaired by carbonaceous food and for this purpose fats
are instinctively preferred to carbo-hydrates. The profuse
discharge of water through lungs and skin must also be
compensated by drink, which it is better to take frequently
in small quantities. Salts, especially chlorides and phos-
phates, are also expended and must be replaced by food.
The alvine discharge is lessened in qua.nt,itﬂ by exercise,
owing to diminution of water passing into the bowels.

635. The urine and the cutaneous secretion being in a
manner complementary, the increase in the latter which
exercise produces diminishes the quantity of the former.
The sodium chloride is lessened also, for the same reason.
The amount of urea is not increased by muscular exertion,
but that of wuric acid is. The alkaline phosphates are
often much augmented, chiefly from expenditure of nerve
tissue.

636. The principal tissue-ghanges, which take place
during exertion appear to bs the formation of paralactio
acid in the muscles, which YequiFes rest for its neutraliza-
tion and removal ; the loss of water from them ; and the
oxidation of carbon. The expenditure of nitrogen is but
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little in excess of that which goes on during rest, 8o that
the excess of carbon must be derived from fat or some
other non-nitrogenous constitnent of the muscular tissue.
The general effect of the metumorphoses which take place
is to diminish the weight of the body and canse an urgent
demand for food and still more for water.

637. Professor Parkes concluded, from his own and others’ experi-
ments, that tho elimination of nitrogen by tho kidneys is but slightly
affected by exerciso: being probably lessened while the exercise
proceeds and increased during the period of rest which succeeds
exertion, In comparing oliminations in & duy of rest and in a duy
of partly rest und partly work he found little or no difference ; also
that, when ordinary exercise followed two days of complete rest,
elimination was diminished on the first exercise~day.

638. The effects of excess of physical exertion ure illustrated by the
case of Weston, during his unsuccessful attempt to walk 400 miles in
five comsecutive days. The weight of the body was diminished;
temperature and pulse fell ; there were little appotite and little sleop.
On the third day there was drowsiness: on the fourth the pedestrian
became giddy and his sight defective. On the fourth night he
slept and had guined a little weight. His morbid condition is
supposed to destroy the value of Dr. Flint’s discovery that the
excessive musculur exertion increased enormously the excretion of
nitrogen.

639. The standard for EsTIMATION of physical exertion is
either the foot-fon or the Lilogrammeter : the former being
the amount of effort necessary for raising one ton ome
foot in height ; the latter, the amonnt required for raising
one kilogram one meter and convertible into the former
by multiplying by 0:003229.* It is possible to reduce the
simpler forms, only, of exercise to this standard with any
exactness; and it is still more difficult to lay down any
rules for the amount of exertion necessary to bealth,
because the effect upon the system of a given effort varies
with the times in which it is performed, and also with the

- mental condition; rapid walking for instance, being more
exhausting than slower movement and irksome labor than
pleasant. A few facts, however, may be taken as suffi-
ciently established for practical purposes.

640. 150 foot-tons may be considered as the minimum
amount of exercise necessary to maintain the health of

2:2046313
~ 2240
therefore a kilogrammeter (a kilogram raised one meter) =
22046213 . 3.9809 ton raised one foot = 0003229 foot-ton.

2240

* A kilogram = ton.; and a meter = 3'2809 feet ;
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an adult man not undergoing more severe mental exertion
than ordioary life or routine office-duties demand. 300
foot-tons represent an average day’s work of a manual
laborer, 400 a hard, and 500 a very hard, day’s work.
This last amount of labor may be, and often is, exceeded ;
bat only for one, or at & most a few, days; prolonged rest
and increased food being necessary for the repair of the
exhausted nerves and muscles.

641. As to the estimation of different kinds of exercise
it is clear that in ascending a height directly the weight
of the whole body is raised the whole height; so that a
man of 140 lbs. weight, elimbing a ladder of 40 feet,
withont a load, would accomplish two and a half foot-tons.
Walking on the level is equivalent to raising one-twentieth
of the weight (say 7 lbs.) through the distance walked ;
so that a mile’s walk represents 16'5 foot-tons. If a load
of 40 1bs. be carried it will mako an addition of 47 foot-
tons for each mile; so that the work of a cooly carrying
half & maund along 10 miles of level road may be esti.
mated at 212 foot-tons. Taking 154 1bs. (11 stone) as the
average weight of European male adults in this country, a
mile’s level walking represents 18'15 foot-tons, so that
81 miles would make up 150 foot-tons laid down as the
minimum amount of daily exercise. A soldier’s drill
without arms is estimated as ome-third more fatiguing
than ordinary walking. A level march of 12 miles without
load represents, for men of 154 Ibs. weight, 218 foot-tons
but, if weights of 20, 40 or 60 lbs. are carried, the number
wounld be 246, 2745 or 303, In estimating prison-labor
allowance must be made for the fact of its being punitive,
which increases considerably its exhausting effect. Useless
labor, too, as shot-drill, is much more oppressive than
work which produces a useful and measurable result ;
while much more labor can be undergone by prisoners
participating, even in very small proportion, in the profits
aceruing from manufactures.*

* Letheby gives the following estimates of different kinds of labor
in foot-tons :—Ilaborer carrying bricks “§Mayhew) 1,827,200, coal-
whipping (ditto) 1,774,221, ascending Faulhorn (Fick) 933,746, ditto
Wisficenus) 1,074,913, treadmill ‘9‘;[& hew) 1,008,000, ditto (E. Smith)
65,166, turning a winch (Co m{) 837,766, walking 20 miles
(Haughton) 792,000, paving (Coulomb) 788,480, carrying loads
732,480, shot-drill (Haughton) 694,400,
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642. Under; the head of REaurATION of exercise dief,
training, gymnasia, marching and rest have to be considered.

643. As regards diet the general principle must never
be forgotten that increased exertion, bodily or mental,
but the former more especially, requires increased food.
It would seem to be unnecessary to state a faot so obvi-
ous; but experience shows that in dealing with soldiers,
and still more frequently with prisoners,® ignorance or
neglect of it has not unfrequently worked mischief.
Soldiers marching or campaigning should have more food
than soldiers at comparative rest in barracks ; unless,
indeed, (as iz possible), their barrack dietary is in excess
of sanitary requirements. Prisoners employed at real hard
labor should be better fed than those undergoing simple
imprisonment or the spinners, weavers &ec. of some jaile.

644. What has been said as to the effects of exarcise
indicates the kind of food needed to supply the waste.
It must be carbonaceous, because the excretion of oxidized
carbon is four times as %reat during exertion as in rest ;
and the fats are shown by experience to be preferable to
the starches. Conversely, as exercise of the muscles is
necessary for the elimination of carbon from the system,
carbonacecus food should be diminished in o state of pro-
longed absence of exertion. There is also increased
expenditure of nitrogen (though not to the extent for-
merly snpposed), and this demands an ivcrease of nitro-
genous food ; meat being better adapted to the 80
than leguminous seeds, because it is more easily diges-
tible angno?nmins more fat. The erbswurst (393;, spems
to possess fully the qualities required in a campaigni
Efoore " Alooh8l, diminishing the excretion of carbon,
the accumulation of which in the muscles incapacitates
them for continuned ‘exertion, is inadmissible duri
exercise ; except when & sharp stimulus to increased
final effort is required. The excretion of salta from
kidneys and ekin indicates increase of this element of food.
Lastly, water is essential to the action of muscle, and small
quantitieswt frequent intervals should always be allowed

‘EleJmBWm" eut in this country has been
knowh to reduge prisonery’ oodmtﬂmuuofhbm.hm
up. :

22
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during marches or other work: while the sudden inges-
tion of & large volume of cold water should be forbidden.
‘When absolute exhaustion follows excessive exertion, food
and drink should be cauntiously administered in small doses
at a time ; strong beef-tea or solution of extract of meat
with & little spirits or strong wine, and hot, being the best
form of nourishment for the purpose.

645, Training is the systematic cultivation of the
muscular and nervous systems for powerful effort and
sustained endurance during a brief period of competitive
exertion. It is almost entirely an empirical process ; and
though some of its rules are demonstrably injurious it has
been on the whole successful and would have excellent
effect upon the physical health of the persons subjected
to it were it not that they, being generally men of low
intellectual and lower moral power, too often compensate
the restrictions of the period of training by unrestricted
license after the exertion has been made. If not undnly
prolonged-—the usual -period being about six weeks—the
health is decidedly improved by the process. The capacity
of the lungs is increased. The muscular movements are
bronght completely under the control of the will. The
muscles themselves gain in size and firmness, all saper-
fluous fat has disappeared, superficial injuries are little felt
and quickly repaired, and health of body induces or is
accompanied by cheerfulness and good temper.

646. There is little variation in the rules by which these
results are obtained. The diet consists in large propor-
tion of lean mesat,* lightly cooked; fat is excluded as far
as possible, sugar altogether ; no spirits, and often no beer
or wine, are allowed, the beer being weak or the wine
diluted if either is admitted into the dietary; tea and
coffee are looked on with suspicion and grudgingly allowed,
water and barley water, and these in closely restricted
guantities, being often the only drink permitted: most

* The following was King's di during training for his en-
counter with Eg;gm. Breakfast ;ttt:rg lmntton-chs somewhat
under-done, with dry toast or stale bread, and one cup of tea without
sugar. Dinser : 1 1b. or 1§ 1b. of beef or mutton, with toast or stale
bread ; very little potato or other vegetable; half a pint of old ale,
or one or two glnsses of aherry. s . ome cup of tea withayt
with an egg and tout.euZuppor : balf a pint of cat-meal
or half a piat of old ale. :
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trainers forbid tobacco and all emjoin moderation in its
use. As much time as possible is spent in the open air
and the bed-room is cool and thoroughly ventilated. Exer-
cise is moderate at first and gradually increased. The
skin is maintained in heslthy condition by frequent baths,
profase sweating being induced both by the exercise taken
z:dh by artificial means, as heaped bed-clothes or hot air
ths.

647. Most of these rules are conmsistent with hygienio
principles, and we must look to the defeets of the system
for explanation of the facts that its prolonged application
is injurious, that its effect is transient, that the effort to
which it is directed is often followed by extraordinary
prostration and that return to a normal dietary is necessary
to recovery of normal health, It is not difficult to see that
the denial of fat to persons under training is one of the
weak points of the system. The carbon which the muscles
require not being supplied even by a sufficiency of carbo-
hydrates in the food, The water,slso, which the mnscles
demand is not given in adequate amount. It is probable
that the improved hygienic conditions under which the
athlete, during the period of training, lives, so far compen-
sate these defects as to render the latter tolerable up to a
certain degree, beyond which lies impairment of the vital
powers.

648. No school for boys or girls 'and no depét where
young recruits are trained should be without a gymnasium
where regular and graduated exercise of all the muscles,
under careful scientific superintendence, can be had.

649. The gffects of gymnastic exercises require to be
watched both during their performance and afterwards.
In the first place the atmosphere of the building in which
they are carried on is especially liable to become vitinted,
owing to increased excretion of carbon dioxide and cuta~
neous exhalations, and ventilation demands special atten-
tion. The sction of the heart and lungs should be free and
regular, unimpeded by the clothing and unembarrassed by
e ecrcon, " Dilaly of g o sowve s

e rate of the p es by y be acoom
by feebleness and imgnhn'zy, should be followed by
immediate smspension of the exercise until the normal
action of heart and lungs is restored. Efforts should be
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increased gradually, practioe rendering feats easy of
accomplishment, withont danger or inconvenience, which
would have been productive of both if attempted 4t first.
The exercises should be varied, not only that they may be
leus fatigning but also that all the muscles may in turn be
exerted and may be symmetrically developed. So long as
they continue there is no danger of chill and its conge-
quences ; but the fall of bodily temperature which follows
cessation, along with the cooling due to evaporation from
the surface, require attention. Additional clothing must
be pnt on, dry flannel garments being the best.

650. The subsequent and permanent effects of a judici-
ous course of gymnastic training will be improved digestion
and appetite, sound sleep, expansion of the chest, increased
size and firmness of tho muscles, greater ability for
sustained exertion without fatigue. If these results fail to
follow the use of the gymnasium it is to be inferred that
the exercises are either gxcessive or ill-arranged.

651. A well-managed march is eminently conducive to
health; involving as it does a moderate and regular
amount of daily exercise with a sufficient supply of whole-
some food, No spirits should be issued; but malt liquor
or light wine may form part of the ration. Nightly sleep
shoufd be interfered with as little as possible and, there.
fore, afternoon marches are preferable to morning. The
weight to be carried by the soldier should be reduced to
the utmost, and what is inevitable should be so arranged
a8 to be most conveniently borne and to impede his move-
ments least. His socks and boots should fit 50 a8 not
to gall the feet and his other garments shouid be loose
and free. It should be remembered that the stiff march-
ing of the parade-ground is more fatigning than the easy
style, in open order, suitable to the line of march;* and
quick marching with ocoasional halts for rest are less
trying than a slower rate of movement without stopping.

y, sufficient provision must be made for repair of
exhausted muscular tissue by occasional halts. By atten.
tion to these conditions very long marches at & rate of 10

the ground, the heel and not moved until

® The foot should be fixmly planted, nearly but not quite fiat, u
) ; 4 mnd!gunomd,::
Tt sbould be lifted as a8 poasible from the ground.
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to 15 miles a day can be made, not only withont deterior-
ation but even with positive improvement of health.

652. Rest is essential to the repair of the nervous,
muscalar and other tissues whic}?’ exercise tends to
exhaust ; not only relief from labor but sleep. Increase
of work requires increase of rest. Inattention to these
facts bas led to excessive sickness and mortality in armies
and to the bad consequences which have so often followed
upon over-exertion in individuals. The soldier’s sleep
should be broken by night duty as little as the exigencies
of his service render possible. On marches, a weekly balt
may be sufficient in the beginning; but, as the effort is
prolonged and fatigue increases, it will be desirable to
halt, in addition, after every four or even three stages. In
gymnasia the first symptoms of exhaustion of heart or
voluntary muscles must be followed by immediate rest.
Finslly, severe mental labor demands, even more urgently,
than bodily fatigue, the rest which sleep bestows.



CHAPTER IX.

CLIMATE AND METEOROLOGY.

653. The cLIMATE of & place is its condition with respect
to the temperature, humidity, pressure, movement and electrical
state of tﬁe atmosphere ; and METEOROLOGY is the science of
observation by which climate is ascertained. In this
chapter each of these elements of climate (except the last)
will be considered with reference to the circumstancea
which produce or modify it, its relation to health and
disease, and the instruments and methods of observation
which it requires.

654. The TEMPERATURE at any place depends primarily
on the quantity of solar heat absorbed and radiated by the
soil and by the moisture presentin the atmosphere.* Cer-
tain circumstances modify this quantity; of which the
principal are ;—latitude, elovation, quantitative relation of
land and waler, character of the surfoce, existence of
currents either of air or of water, and rainfall.

655. Botween the tropios the sun is always vertical
somewhere ; and nowhere do the solar rays strike the
surface at noon with any considerable degree of obliquity.
In the low latitudes of the torrid sone, therefore, the
greatest quantity of solar heat is received, and the lower
the latitude, (if other things be equal), the higher will be
the mean temperaturet. Owing to disturbing causes,
however, the fall in temperature 1s not gradual or regular
a8 the latitude inoreases.

656. Elevation above sea-level reduces tempemtnre.
The air being heated, not by the solar rays which pass
through it but by radiation from land or water, the strata
nearest to the general surface must be the warmest and

* The earth’s central heat, which produces a rise in the thermome-
ter of 1°C. for every 20 meters of depth below the surface hes na
‘gmble effect on climate, owing $o the low conducting power of

'!'hemmmnmltem erstureofgl'weul on the equatar itselt
heltimteda.t 82° F. ; of the poles at 2%5 F.ying
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heat will diminish in proportion to height. A hill or
range of hills, therefore, will be cooler than the plain
from which they rise. Agusin, the greater the elevation,
the less the mass of heat-absorbing matter and the more
rapid its radiation into space. At the greater heights,
also, there will probably be less atmospheric moisture to
abgorb and radiate the heat procesding both from the sun
and by radiation from the earth.*

657. The relative amounts of land and water influence
temperature to a powerful degree ; the more the latter
preponderates the lower being the mean temperature and
the more equable the climate. Land absorbs, and there-
fore radiates, heat more readily than water. Its specific
heat, also, being very much lower than that of water, its
temperature rises higher in a given time of exposure to
solar heat; so that while a thermometer placed on the
ground in a hot country may rise to 160° ., (or even to
287° F. if protected from air ourrents), the temperature of
surface-water rarely exceeds 82° F;and the air imme-
diately above it will be cooler still by from two to five
degrees. Heating during the day and cooling during the
night being, then, more rapid processes in the case of land
than in that of water the dinrnal and annual ranges of
temperature will be less in insular and coast positions
than in the interior of continents.t

658. The nature of the soil and its effects upon temper-
ature have been already considered in Chapter V. Bome
soils absorb heat and give it out more abundantly than
others. Bare surfaces will heat the air more and more
quickly than those clothed with vegetation. Evaporation
from water or*from wet surfaces, like marshes or the banks

# Obaervations an aerial temperature, made in balloon-ascents,
show progressive but not uniform or regular diminution.

+ Mr. Drew quotes the following passage from a paper of Mr.
Glaigher's—* At times of extreme temperature, the effect of water upon
the temperature of the air is very great. On February 12, 1847, the
temperature of the air at my house, situated one mile and & half $rom

the river, was 8°; the lowest ing 32 feet above the water of the
Thames waa 16°; the temperature .t'._hn;nhrwuas°ilmhuhng
effect upon the air in its immediate amounted to'10°; at the

Observatory the reading was 10°5; and the heat of the water of the
Thames seems to have influenced the temperature of the air at the
Qbservatory to the amount of 4°.”
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of tidal streams, cools. The shelter of hills or high rocks
may lower the temperature of certain spots by diminishing
the duration of exposure to the solar rays or by keeping off
& chilling wind.

659. Currents, aerial or oceanic, are well known to
modify temperature. The hot land-wind, the cool sea-
breeze, the trade-winds blowing from polar towards eqna-
torial regions, are familiar instances of the former; the
gulf-stream of the latter. Winds may act indirectly also
upon temperature, by bringing up clouds which either fall
in rain or absorb heat, solar and terrestrial.

660. The rainfall probably raises the temperature of
cold countries by giving out the heat which had become
latent when the water of inter-tropical seas was evapo-
rated, to be afterwards condensed and fall as rain. In
hot climates this effect is generally outweighed by the
cooling which the conversion of heat-absorbing aerial
moisture into water produces, and by the cooling effect of
evaporation from the wet surface of the soil. With us,
therefore, rainy seasons are generally cool.

661. In considering the effects of temperature on health
we may dismiss those of cold with the brief remark that,
with snflicient clothing and abundance of well.chosen food,
a low temperature is certainly not detrimental and is
probably beneficial to healthy adults. The effects of high
temperature may be the result of direct action of the sun’s
rays or of heat simply. Sudden changes, especially rapid

8, are often injurious,

662, It may be taken as established that n rise of 13°F.
above the normal temperature of the blood is necessarily
fatal to vertebrated animals, either by coagulation of some
of the albuminous fluids or by action upon the nerve-
centres or by both; and as a thermometer exposed to the
sun’s rays will not unfrequently rise above 110° F. even
in comparatively high latitudes, death by direct insolation
in hot climates might be expected to occur oftener than it
does. Owing, however, to the natural protection afforded
by evaporation from the surface and to the artificial safe.
Eua.rd of glothing, this result is very rare ; unless either

ighly heated atmosphere, more or less charged with
moisture, or great bodily exertion concur. Thusin the
open sea or at great elevations on land, thongh the direct



EFFECTS OF TEMPERATURE. 261

power of the solar rays is in the former case not less and
1n the latter greater than on land at average levels, yet
this form of sunstroke is most uncommon, becstise aerial
temperature is under those cironmstances not excessive.
Coprous evaporation is a necessary effect of direct solar
heat ; and if from excess of the latter or of humidity in
the atmosphere that process is insufficiently maintained
the temperature of the body must rise, and may rise to a
point incompatible with continued life.

663. A slight rise of bodily temperature (from half to
one degree F.) is one effect of increased atmospheric heat,
observable in transition from a temperate to a hot climate.
Taking the normal temperature of the body in England at
98°:30 Fahrenheit it was found to be 98°66 Fahrenheit
within the tropics; and 9902 at the equator, the
thermometer standing at 84°. There seems to be a slight
but regular increase-of bodily, proportional to rise of aerial,
temperature, each degree of the latter corresponding to
0°05 of the former. This effect takes place even when
external and internal heat, on the one hand, and radiation
from the body, evaporation from skin and lungs, and
movement of air, on the other, maintain the equilibrinm
of health. When, however, excessive humidity interferes
with free evaporation, the temperature of the body rises
and may increase to & dangerous extent. In the well-
known experiments in which the effects of exposure to a
heated atmosphere in ovens were tried it was found that
& temperature of 260° F. could be borne, without injury
or serious discomfort and with a rise of but 2°5 d
of bodily heat, provided the air was dry and therefore free
evaporation frpm the skin and lungs possible; but that
in a moist atmosphere the temperature increased by 8°
The effects of intertropical heat, then, in raising the
temperature of the blood are partly constant and partly
dependent upon atmospheric humidity.

664. The function of respiration is less actively per-
formed in a hot than in a temperate climate. The nnmpl‘:et
of respirations is diminished, less carbon and less water
by about one-fifth are eliminated by the lungs. Not only
i8 Jess air by 18 per cent. respired in & given time but
that whieh is taken into the langs, being rarified by heat,
ocontaing less oxygen in a given volume than in ‘cooler
places. Thns it is estimated that 9 ner cent. less oxveen
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is inspired at 80° F. than at 32°. The respiratory cape.
city, howeyer, of the lungs isincreased and they weigh less
in hot than in cold climates.

665. The action of the heart is diminished under the
influence of a hot climate. Digestive power is accommo-
dated to the altered conditions of the system ; it is less
powerful and there is less appetite, because there iz less
demand for food. The activity of the perspiratory and
sebaceous glands of the skin is much increased; the
papille being often morbidly developed into the state of
“prickly heat.,” Bome change sometimes takes place,
after protracted residence, in the pigmentary layer, pro-
ducing the yellowish tinge supposed to be characteristic
of “ old Indians.” Owing to increased action of the skin
the guantity of urine is diminished; and also that of
excreted sodium chloride. Less food yields less urea,
Bome European residents complain of want of energy and
other results of a depressed condition of the nervous
system ; but there is strong reason to believe, and abund.
ant illustration by example, that as much and as good
work, bodily or mental, can be done in this country as in
Europe; and that the want of definite employment and
the habits of indolence and self-indnigence which that
want engenders are more to blame than climate for lack of
energy and wasted lives.

666. Insolation is much more frequently a result of a
highly heated atmosphere® than of direct solar action :
but in this case a?ao other causes almost invariably
contribute to produce the affection. These are stagna-
tion and impurity of the air, deficient evaporation from
Iungs and skin, and 'physical exertion ; the two former
failing to diminish the temperature of the body which the
last aggravates, With the forms and therapeutic manage-
ment of insolation we are not here concermed. When
high external temperature renders its occurrence probable,
cold baths, the use of punkahs and rest are preventives
generally available and vsually successful. ‘

671. The effects of season upon health may be briefly
noticed here, althongh temperature is only one of the
climatic factors in ‘;ieu- prodaction. It is observed that

* It is doubtful if insolation occure at 4 temperature lower than 98° F,
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thoracic affections prevail most in the cold months and in
direct proportion to the lowness of the temperature;
abdominal complaints in summer, varying with t and
dryness. Cholera, in Europe at least, is favored by a high
temperature and is most destructive in Aungust and
September. Variola, on the contrary, is a disease of winter
and spring, and its progress ie cheoked by increased heat.

668. Budden falls of temperature or considerable ranges,
diurnal or annual, or rapid alternations of heat and cold
are more trying to the constitutions of men and other
animals than continned residence in a climate of temper-
atare steadily high. To guard against the effects of such
vicissitudes clothing and dwellings should be capable of
such modification as circumstances require; and the food
in quality and quantity must be adapted to temperature
and amount of exercise, according to the principles already
laid down.

669. The question of acclimatization, whether of an
individual or of a race, in a country hotter than its own
bas been much discussed. We have seen that Europeans
passing from temperate to intertropical regions undergo
certain definite changes in bodily constitation, which are
permanent so long as t.hei ocontinue to reside in the latter.
{’Ve may consider these changes as beneficial adaptations
to altered climatic conditions; in other words as ste
towards aeclimatization ; and it is highly probable that if
the practices and habits which are under the control of
the will were similarly modified by the immigrants, as high
a standard of general health conld be maintained in Inlfia
as in Europe. The death-rate of foreigners in militar
ocoupution of a country, and that country one in whic
cholera and malavial diseases are endemic and throu
which epidemics of variola sweep almost unchecked, will
always remain higher than amongst the corresponding
ciasses in their own land ; but we know that that portion
of the excess of mortality whioch is not inevitable has been
largely reduced by improved babits of life aud increased
attention to sanitary considerations ; and we look forward
with confidence to ita nltimate extinotion. As to the larger
question of the possibility of acolimatization of & race, it
has been laid down that none will survive transplantation
to & climate whose mean temperature exceeds ite own by
20°F. That such a tramsition will prodnce well-marked
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modifications in physical and mental constitution is more
than probable, and that the descendants of the original
immigrants will present peouliarities both of body and
mind which will distinguish them, as & race, from the
original stock, is in conformity with experience ; but, even
when the new conditions of existence are much more
unfavorable than those involved in a high degree of mean
temperature, the action of natural selection and the
survival of the fittest will ensure the perpetuation of a
race, though perhaps in some qualities degenerate.

670. The chief points to be ascertained, so far as heat
and cold are concerned, are the mean temperature, the range
and the extremes. The necessary observations for ascer-
taining these are made with thermometers of various
kiudas, which will be described presently. These instru-
ments must be most carefully constructed and compared
with Observatory standards,

671. Three scales are in common use in different parts
of the world. In the United Kingdom, in the United
States, and in British India the Fahrenheit scale, acoording
to which the temperature of melting ice is 32° and that of
the steam of water boiling under barometrical pregsure of
30 inches, is 212°, is universally employed for meteorologi-
cal purposes,. Celsius’ thermometer, commonly calied the
Centigrade, which indicates 0° and 100° respectively, at
those temperatures, is used in all scientific work in France
and in laboratories almost everywhere. Réaumur's scale
is employed in Germany, Russia and Spain for all pur-
poses, and in France for domestic nse. In it 0° indicates
the same temperature as in the centigrade, but the boiling
point of water is 80°.%

672, The true mean temperature of the sir for any
day is obtained by adding together the degrees, observed

# Tables for the conversion of degreee on any one of these three
scales into the corresponding degroes of either of the others will be
found in almost any systematic work on any branch of Physigs. In
the absonoe of such aid the wowiz;fo ule xm{’e be found
useful. The negative sign of degress w sero must be carefully
sttended to. C° = 5(‘;"‘32- B = iﬁ;:ﬂ p=2.6§’ + 2.

_ R _OR .40
F"‘-—T-i- 2 C T‘R =-—E——.
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to tenths, of the dry-bulb thermometer, noted hourly, and
dividing the sum by 24, This thermometer shounld be so
placed in the shade as to be unaffected by radiation from
walls &c. or by evaporation from the wet-bulb; and its
bulh, freely exposed to the air, should bo 4 feet from the
ground. Suspension from a slight wooden frame standing
in a shed with double-sloping thatched roof, open com-
pletely at the ends and at the lower part of the sides, with
no trees or buildings close by, will best fulfil the conditions
necessary for accurate observation of this and the other
shaded instrnments. The monthly mean temperature is
the sum of the diarnal means divided by the namber of
days in the month ; and the anuual, the sam of the monthly
means divided by 12.

673. Hourly observations being always inconvenient
and often impracticable, other methods have been dis-
covered which give approximately the daily mean tem-
perature. The time for a single observation which should
nearly correspond to this is different at different places,
but a very close approximation, rarely more than 0°3
or 0°4 in excess of the true mean, may be made by
dividing by four the sum of the minimum (681) temperature
noted and the degrees observed at 10 a.m., 4 P.M. and
10 p.m.—these being the regular "hours of observation at
all Madras Meteorological Stations.

674. A still closer approximation tothe true mean daily temper-
ature, and one sufficiently accurate for all practical purposes, is
obtained by means of the subjoined table from the maximum (680)
and minimum temperatures and two or more other observations taken
at any hours of the day or night.

23
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676. The use of this tuble will be explained best by an example.
Suppose that on the 22nd May the minimum temperature was 86°°5,
the maximum 105°-6, and the readings taken at 10 a.M. and 10 .M.
were 104°9 and 86°0. The day being in the latter half of May the
right hand column of the two under May is to be used. Init we
find, corresponding to minimum, maximum, 10 4.m. and 10 r.M., the
following factors: + 0:43,-0°57,-0'34+0'2). The sum of these
factors divided by four gives the mean factor — 0°07 ; which multiplied
by the range (20°1) is the required correction 1°4, to be applied to the
mean of the four observations, 956°°5. Henco 95°:56 - 1°:4 == 94°1, isthe
approximate mean daily temperature for the supposed 22nd May,
The greater the number of readings taken, besides the maximum and
minimum, the nearer the approximation; but for sanitary purposes
two observations will bo sufficient. If there be a choice of hours of
observation those should be selected whose factors yield an algebraic
suw as nearly as possible = 0.

677. Tt was stated above (673) that the mean of the minimum and
the three ordinary readings at 10 o.m., 4 r.M., and 10 r.m., i8 4 close
approximation to the daily mean temperature. From 9th August to
28th September the mean thus determined is strictly true ; at other
times & correction is necessary which, however, at no time exceeds
0°:6. The range for the day is multiplied by a certain factor, (retain-
ing only tenths of a degroc in the product), and the result subtracted
froth the approximato mean. From 29th September to 25th November
the factor 18 0-01 ;* from 26th November to 14th January 0:02; and
from 16th January to 8th August 0-01 :* being (as bofore stated) 0-00
for tho remainder of the yuar.

678, Instead of correcting each daily mean in order to
arrive at a true monthly or half-monthly mean, correc-
tions may be applied to this as calculated from the uncor-
rected daily means. The range for the month or half-
month is multiplied by the factor appropriate to the time
of year, as given in (677), and the product subtracted as
before from the approximate mean.

679. The range, diurnal, monthly or annual, is the
difference between the maximum and minimum indications
-of the dry bulb thermometer in the day, the month or the
year; the mean monthly range is the sum of the daily
range divided by the number of days in the month: the
mean annoal range the sum of the mean monthly ranges
divided by 12. These give the most important indications
of climate for sanitary purposes. The range is ascertained
by self-registering maximum and minimum thermometers.

680. The shade maximum thermometer is mercarisal,
with a contraction near the neck of the bulb, which

* Multiplying the range by 0-01 is merely moving the decimal point
two phoesplm left, retmm’x'ag the nearest tenth o%a degree.
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narrows considerably the opening between the latter and
the stem. After the greatest degree of heat that part
of the mercurial colnmn which has passed above the con-
traction remains in the stem, while the portion nearer the
bulb sinks, the continuity of the column being broken.
The extremity of the detached part farthest from the bulb
marks, therefore, the highest temperature reached. When
this has been registered the continuity of the mercurial
coluwn is restored by shaking, swinging or tapping the
instrument. The thermometer is placed nearly horizon.
tally with the bulb slightly lowered. The maximum tem-
perature of the day occurs between 1 and 2 p.u.*

681. The shade minimum thermometer is alcoholic,t
fixed nearly horizontally but with the bulb an inch lower
than the other end. A small steel index or needle moves
freely within the tube: the instroment is set by gently
inclining it until the upper extremity of the index is near
the free surface of the spirit. As the latter contracts the
index is carried down with it ; but after the greatest degree
of cold has been reached and the spirit again expands it
does not raise the needle, which, therefore, shows the
minimum temperature attained. The end of the index
farther from the bulb is the indicator. The coldest time
of the 24 hours is between 5 and 6 A.M., just before
sunrise.

682. Two extremes, the greatest and least temperatures
in shade, which give the ranges and which are the most
important for onr purpose, have been considered. Three
others require notice—the maximum temperatures in sun-
shine and the minimum just above the surface of the
ground. The former are ascertained by the Sun Maximum
or Solar Radiation thermometers ; the latter by the Grass
Minimum or Terrestrial Radiation thermometer.

683. The solar radiation thermometers are made on
the same principle as the shade maximum (680); but
their bulbe are blackened to favor absorption of the sun’s
rays : one, for observing the maximum in vacuo, is enclosed

* Maximum thermometers sent to this country, even when pro-
‘ossedly examined and corrected, almost always show -an error by
excess of one to two degrees. The minimum thermometers err also,
but in the other direction.

+ Mercurial minimum thermometers are useless.
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in a glass case from which air is excluded, to shelter it
from atmospheric currents. The other has a naked bulb
and its indications are much more important for our
purpose. Both may be placed either near the ground or at
the same height as the other instruments, fully exposed to
the solar rays.

684. The terrestrial radiation thermometer indicates
amount of cooling due to radiation from the earth. Itis
a minimom thermometer like that described in (681) and
is placed on the grass close to the ground.

685. It is evident that mean temperature, monthly or
annual, is but of secondary importance as an indication of
climate ; because changes towards heat and cold may be
very grest in one place and trifling in another, yet may so
counterbalance each other in both as to give nearly the
same mean. These changes are of two kinds; namely
JSluctuations, which are regular and periodic, and undula-
tions, which are irregular and non-periodic.

686. Fluotuations depend upon the earth’s diurnal and
annual motions, that is, on the alternations of day and
night and of the seasons. The diurnal fluctuation is
greater on land than on water, inland than on coast, in
elevated places than at sea-level. On land, therefore, it is
Yeast on the shores of inter-tropical islands, as Ceylon and
Singapore. The hotteat time of the 24 hours has been
already stated to be between 1 and 2 p.m., the coldest
between 5 and 6 a.M., the rise or fall of temperature
between these extremes being nearly uniform. This applies
to land stations; the maximum and mipimom taking
place about an hour later at sea. The maximom does
not coincide with but follows the culmination of the sun,
on acoount of the slow and gradunal absorption of the
sun’s heat by the earth, on which the temperature of the
air depends.

687. The annual fluctustions depend on the position of
the earth in her orbit, according to which days are longer
or shorter and more or less solar heat is absorbed in & given
number of days. These also are greater on land than at
sea, are greatest in the interior of extra-tropical continents
and least at sea-level between the tropics; as, for example,
at Singapore, where the annual fluctuation does not exceed
3° or 4°.. They are greater as we advance towards the
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poles becanse of the greater obliquity with which the sun's
rays strike the earth and because the differences of length
between day and night increase; in the northern hemi-
sphere, besides, there is a great preponderance of land,
increasing absorption and radiation. As the diurnal, so
the annual maxima and minima are not coincident with,
but consecutive to, those relative positions of earth and
sun which are most efficient in their production and they
occur, not in June and December, but in January and
July.

688. Undulations of temperature are caused by winds,
clouds, rain, or other non-periodic agents, cooling b
evaporation or heating by radiation. These, like the
fluctuations, are least in tropical countries near the sea.
In different places their amplitude may exceed or be less
than that of the fluctnations.

689. Climates are divided into continental and insular
according to the amplitude of their annnal fluctuations or,
in other words, to the range of their January and July
mean temperature.®* When the range is great the climate
is continental, as in Biberia where (in Yakutsk) it is
114°4; when it is small, as in part of Guiana where it does
not exceed 2°-2, the climate is insular. ¢ Extreme’’ and
“limited ” are sometimes used in the same sense as con-
tinental and insular. It must be remembered that a
position on an island or a coast may have a continental
climate ; as, for instance, Alten on the cosst of Norway
(70° N. lat.) where in one year the annual range was more
than 20°: and so, too, insular climates may exist in the
inter-tropical interior of continents. A climate is equable
when the undalations are trifling and excessive when they
are great. Asa general rule insular climates are equable
and continental excessive.

690. Climates are represented on maps by curves pass-
ing through all places which agree in certain means of
temperature. Isothermal lines pass through those ﬁ-imn“
which have the same mean annnal temperature ; ¢sol al
though those agreeing in summer temperature, ésocheimenal

* Humboldt’s classification of climates by isothermal lines is as
follows :—1, hot 81° to 77° F.; 2, warm 77° to 68°; 3, mild 68° to
69°, temperate 59° to 50°; 5, cold 50°to 41°; 6, very cold 41° to
32°; glacial below 32°.



272 GLIMATE AND METEOROLOGY.

in winter temperature ; June, July, August being the
summer and December, January, February the winter
months.

691. Itonly remains, so far as temperature is concerned,
to notice briefly the effect of solar heat below the surface.
This varies, as we have seen, with the nature of the soil ;
dry soils, for instance, showing a wider diurnal or annual
range than clayey or others which retain water. Ther-
mometers should be sunk in the ground and their indica-
tions accurately registered. It will be found that the
deeper the instrument the later will the annual extremes
be reached ; so that, for example, in one instance where
the thermometer was placed at a depth of 25} feet from the
surface the highest reading occurred in Jaunuary and the
lowest in July. It is found, also, that the deeper we
descend the more equable is the temperature ; so that
ultimately we should arrive at a point where the influence
of the sun’s rays is not felt at all* and the degree indicated
by a thermometer would be the same at all seasons. This
 stratum of invariable temperature " is at different depths
at different places ; and below it the temperature increases
as we descend.

692. The air is never completely dry, evaporation being
continually going on from the surface both of land and
water. Atmospheric HUMIDITY exists eitherin the condi-
tion of vaporgwhen it is invisible ; or condensed into water
in the forms of dew, cloud, fog and ruin; or condensed and
frozen as hail and snow.

693. The rate of evaporation from a given surface
varies with the temperature of the air, the state of the
wind, the amount of moisture already present in the
atmosphere, the nature of the surface itself and its exposure
to solar action. The greater the beat the freer the evapor-
ation, other things being equal; but the latter increases
more rapidly than in proportion to the rise of temperature,
because heat acts not only by promoting vagorization
but also by angmenting the capacity of the air for humidity,
Wind favors evaporation by replacing air more or less

* A thermometer sunk 91 feet below the foundations of the Puris
Obaervatory has steadily indicated a temperature of 53° F. for seventy
ygm——two dogrees above the mean annua! temperature of the air
above. i
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nearly saturated by drier air, unless the current be itself
moister than the air which it removes. The less the moisture
already present above the evaporating surface the more
rapid is evaporation : the process becoming gradually
slower as saturation is approached. The shade afforded
by trees, hills, buildings &c. diminishes evaporation; and
finally, a moist soil yields more vaporin a given time than
an equal surface of water.*

694. The quantity of aqueous vapor which a given
volume of air is capable of holding in solution varies with
temperature; but is not dircctly proportionate to it. For
example a cubic foot of air at 40° F. can retain 286 grs. of
vapor; at 50° not 3:57 grs. but 410 grs.; at 60° not
429 grs. but 5°77. It follows not only that saturated air,
if cooled at all, must deposit moisture but also that the
meeting of two currents of different temperatures, each
(whether saturated or not) capable of retaining its own
moisture, may lead to deposition of water ; and, if both
are saturated, must produce that effect. Thus, if a satu-
rated volume of air at 40° meet another, also saturated, at
60° the temperature of the intermixed volumes will be
50°, the mean ; but the quantity of aqueous vapor which
can be retained will not be 4-315 grs. per cubic foot, the
mean of the quantities in the original volumes, but 4-100
grs. 0215 grs., therefore, will be condensed from each
cabic foot of the combined currents and will become
visible as cloud. Should this condensed vapor meet with
air not saturated, it will be reabsorbed, partially or wholly
according to the capacity of the latter.

695. Atmospheric humidity is either absolute or rela-
tive, the former being the total quantity of aqueons vapor
in the air at a given time ; the latter the percentage of
saturation ; that is, the ratio per cent. of the quantity
present to the quantity which might be retained at the
existing temperature. Relative humidity is much more
important for our purpose than absolute.

696. When air containing aqueous vapor is cooled by

contact with the surface of the ground to a point below
that at which it can retain its moisture, the latter is con.

* The annual amount of water evaporated from inter-tropical seas is
v;mom;ly estimated at from 80 to 130 inches or more from 1 aquare inch
of surface.
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densed on the cooling surface as dew. It is deposited at
night or in the evening, when the supply of solar heat
bas been withdrawn or so diminished as not to counnter-
balance cooling by radiation. Whatever favors this process
promotes the deposition of dew, as absence of clouds,
distance from trees or buildings. Movement of air is
unfavorable, because it removes partially cooled particles
before they have been sufficiently chilled to deposit. Good
conductors, as metallic bodies, do not generally exhibit
dew, becanse they receive continuous and rapid supplies
of heat from the earth. Foliage and fibrous structures
like clothing, being good radiators and bad conductors,
receive the most copious deposit ; to which a moist atmos-

here and & still and cloudless night are most conducive,
%ew frozen after deposition is hoar-frost.

697. The dew-point is the temperature at which the
air begine to deposit its moisture. If we compare equal
volumes at the same temperature that containing more
vapor will have the higher dew-point ; in other words a
smaller depression of temperaturec will be sufficient to
produce condensation. So, too, of equal volumes at differ-
ent temperatures but equal in absolute humidity the cooler
will need less depression for deposit than the other. The
dew-point may be the same at very different degrees of
pir-temperature ; and the state of the atmosphere with
respect to dryness depends upon the greater or less depres-
sion of the dew-point below the temperature of the air at
the time. Air saturated at one temperature may hold less
moisture than non-saturated air at another temperature
when the dew-poiut at the latter is higher than at the
former. Complete saturation, when dew-point and air-
temperature coincide, is comparatively rare. In general
the atmosphere is capable of retaining more moisture than
it has and the dew-point is below the actual temperature.

698. When saturated air is lowered in temperature its
vapor is condensed into extremely minute particles of water,
constituting cloud and sometimes fog. Visible elouds
do not appear to be formed at & greater height thau five
miles; lightest of them, the cirri, floating from 3 to §
miles above the earth. As heat increases capacity for
moisture and also rarefies, there is generally an ascending
stream of vapor.Jaden air ; and in the hottest part of the
day, when evaporation is most rapid, the air at a short
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distance from the earth’s surface is found to be relatively
drier than during the cooler hours, owing to this upward
current. Chilled gradually by radiation or suddenly by
encountering a cold carrent or by contact with elevated
land, it falls below its dew-point and generates cloud.
From inter-tropical seas a column of saturated sir con-
tinnally ascends and does not wundergo cooling and
condensation until it has reached a considerable elevation.
In temperate climates the height necessary to bring about
this result is not so considerable and a cumulus often
marks the position of the head of the ascending column.
Mountains condense watery vapor sometimes by the
coldness of their own mass which has radiated rapidly into
space, sometimes by deflecting upward a moist current
into cooler regions of the atmosphere. In fog the particles
of waterarein a peculiar vesicular condition, imperfectly
understood, which retards their aggregation into rain-
drops. There is strong reason to believe that fogs are
unwholesome. Dr. A. Smith found only 20-82 per cent.
of oxygen in a dense Manchester fog.

699. Meteorologists have classified clouds in three
primary divisions—the cirrus, the cumulus and the stratus.
Certain simple combinations or modifications of these are
the cirro-cumulus and cirro-stratus ; and the cumulo-stratus
and cumulo-cirro-siratus are compound modifications.

700. The cirri are streaks or fibres of cloud, paralie! or
divergent or forming & fleecy brush or a net-work. Th
are the highest clouds becanse the lightest, and reflect th®
sun’s rays after sunset long after lower strata of cloud
are dark. They have been known to retain their form
unchanged foy two days while a strong breeze was blowing
lower down, showing that they are raised out of the reach
of ordinary atmospheric disturbances. They probably
coneist of frozen water. .

701. The cumnulus ie a hemispherical or conical heap
of cloud, like & mountain or & mass of cotton, riging from
a horizontal base. After the sun has risen the atmospheric
strata in contact with the earth become heated ; so that,
their specific gravity being diminished and their capacity for
vapor incrensed, they rise, earrying up with them in solu-
tion the vapor which they had absorbed during the night
and early morning. Reaching colder regions of the air,
the vapor of the ascending current is condensed to clound ;
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which, descending slowly, meets the ascending carrent and
condenses, partially or wholly, its moisture. Thus a mass
of cloud continually increasing in size is formed. Were
the supply of vapor for condensation equal from all sides
the cumulus would be spherical in form; but, as the
upder surface is in contact with air not fully saturated
and, therefore, not yielding condensed vapor, the shape is
hemispherical or conical as has been described. The
cumulus is formed only by day, then only the conditions
necessary for its development being fulfilled. It disap-
pears towards evening; because at that time the upper
atmospheric strate have increased in temperature and
vapor-absorbing power, while the lower layers are cooler
and cease to supply an ascending vapor-bearing carrent.

702. The stratus is a widely-extended, continaous,
horizontal sheet of cloud, often forming at sunset, when
the air is calm; the atmospheric strata near the earth
becoming cooled below the dew-point, and depositing dew
on the surface and cloud above. It increases by growth at
its upper surface as the higher layers cool. The mists
which rise from valleys, lakes &c. during night and early
morning, and which are dispersed by the rising sun, belong
to this class of clond.

708. The éirro-cumnlus consists of small, roundish,
fleecy masses, arranged horizontally, close together or in
contact. The cirro-stratus presents the appearance of
HWbrizontal or slightly inclined masses, attenuated towards
part or the whole of their circumference, or as thin diffused
sheets, It is more compact than the cirrus. In the
zonith it looks like a thin bed of cloud ; in the horizon
like a long, narrow band.

704. The oumulo-stratus is a combination of the last
with the cumulus. Finally the cumulo-cirro-stratus or
nimbus is & cloud or system of clouds from which rain is
actually falling; a horizontal sheet surmounted by cirri,
with cnmnli beside or below it.

705. When air parts with its moisture iv solution at a
considerable WBight from the surface of the earth the
minute particles of water of which cloud consiste may
remain where they were formed or gravitate very slowly
downwards. In either case they tend to aggregate into
globules; and, when the weight of these is sufficient to



HUMIDITY. 277

overcome the resistance of the air, they will fall as rain.
The copivus rain which almost invariably accompanies a
thunder-storm seems to indicate that the electrical condition
of the atmosphere has much to do with the aggregation of
the watery particles which produces rain. As the satura-
tion and subsequent chilling of masses of air are the
necessary antecedents of the formation of rain, a high
temperature with large evaporating surfaces, on the one
hand, and a mountain chain or an opposing cold acrial
current, on the other, are favorable to copious rain-fall,
such as is found in the south-west and north-cast of this
peninsula.

706. The Indian rains depend upon the prevalence of
certain winds and are derived from different sources in
different parts. The south-west monsoon is a current of
saturatod air drawn in from the ocean to replace the
heated air rising from the plains of Asia. While it
prevails it forces up the north-east trade-wind and its
influence is felt over the greater part of the peninsula,
Striking the western ghats it is chilled and discharges the
greater part of its moisture in the copious rains of the
western coast, so that it is less moist when it arrives inland,
and comparatively dry when it reaches the eastern coast.
It blows from the end of May to the beginning or middle
of September. As its influence diminishes the north-east
trade-wind resumes its course and brings to the eastern
side of India the vapor which it has absorbed in its passage
over the Bay of Bengal. On one or both of these monsoons
the southern and central parts of India depend for their
supply of rain.

707. When drops of rain, aggregated in the highoest
regions of the atmosphere to which vapor rises, are frozen
after their formation they constitute hail. The force with
which they strike the earth shows that they have fallen
from a great height ; and the electrical condition of the air
and vapor is in some way conducive to aggregation at a
greater elevation than that at which rain is usually formed.

708. It is not known whether snow is formed by the
direct conversion of aqueous vapor into ice and the subse-
quent aggregation of minute particles into flakes; or
-whether it is frozen cloud.

709. Humidity affocts health eithor directly, by dimi-
uishing evaporation from skin and langs; or indirectly,

94
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by increasing temperature. Heat is felt to be more
exhausting and continued exertion more difficult when
excessive moisture prevents free exhalation of vapor from
the body. The capacity for moisture of still air is inversely
ag the relative humidity and moist hot winds are felt to bo
oppressive by men and lower animals because evaporation
is impeded and bodily temperature rises. The excretion
of carbon dioxide from the lungs is greater in a very moist
than in a very dry atmosphere. As temperature rises
evaporative power rises also and in more rapid ratio; so
that heat is better borne than cold when atmospheric
humidity is excessive: but either is often tolerated
without apparent ill effect beyond discomfort. Individual
peculiarities have much influence as regards atmospheric
humidity ; a dry hot wind, producing copious cutaneous
evaporation, being agreeable and apparently salutary to
some persons and to others the reverse. In general, the
most satisfactory degree of relative humidity seems to lie
between 70 and 80 per cent. of saturation.

710. Humidity acts indirectly through the- power of
atmospheric moisture to intercept and absorb heat. Per-
fectly dry air would transmit almost undiminished both
the solar heat and that radiated from the earth ; but moist
air absorbs and re-radiates in proportion to its degree of
absolute humidity. When this is greatest, up to the point
of saturation without deposit in the form of cloud, the
difference between the indications of the maximum san
and maximum shade thermometers is greatest; because
the latter is affected only by terrestrial and aerial radiation
while the former absorbs directly the solar heat, and loses,
of this, by radiation but little more than it receives by
re-radiation from the atmospheric moisture.

711. Humidity appears to have considerable influence
upon the prevalence and spread of some diseases. Malarious
affections are worst when the air is nearly saturated with
moisture. The spread of plagueis checked by atmospheric
dryness. The same is true of variola; and wvaccinia is
propagated with difficulty in dry seasons and climates.
Abdominal affections prevail most in summer and in
proportion to drynees as well as heat. In chronic pulmonary
diseases 8 very moist atmosphere is found to be soothing
and agreeable ; while dry air, producing excessive evapora-
tion from the lungs, irritates them. |



EVAPORATION. 279

712. Coming now to instrnments and observations, the
rate of evaporation is the first point to be ascertained.
For this purpose a shallow vessel of uniform horizontal
section is supplied with a known quantity of water and
exposed to evaporation, protected by a louvred covering
from rain and birds. Regular examination, weekly or
monthly, will show the diminution of the water and the
rate of evaporation from a given surface. A more delicate
instrument is the evaporation-gauge, a glass tube weighted
so a8 to float vertically in water hike a hydrometer,
graduated to indicate grains and tenth of grains, and
bearing at its npper end a shallow pan. Water is poured
into the pan until the zero of the scale coincides with the
surface of the water in which the instrument floats. As
evaporation from the pan proceeds the tube rises and the
scale indicates the amount.

713. In order to find the absolute or relative humidity
the dew-point has first to be ascertained by observation.
The amount of aqueons vapor which air can retain without
depositing it as dew or rain, varies, as we have seen, with
temperature; and the dew-point at any time is tha
temperature at which the quantity of vapor then present
would be sufficient for saturation, so that any further
depression would be attended with deposition of dew.
This point is ascertained either by a hygrometer or by the
Dry and Wet Bulb Thermometers. There are two hygro-
meters which may be used, Regnault’s and Daniell's, the
former giving more accurate results.

714. Regnault's hygrometer consists of a glaes tube, closed below by
acap of thin and highly polished silver 1'8 inch in depth and 0-8
inch in diameter, a very sensitive thermometer passing through a cork
in the upper orifice of the tube and descending nearly to the bottom
of the cap. Fwom the same depth rises a thin glass tube, also passing
through the cork : while an opening in the upper part of the instru-
ment communicates with an aspirator. When an observation is to
be taken, ether is poured into the tube until it is about half full and
atmospheric air is s;awn through the ether by means of the aspirator
and the fine glass tube. As the air bubbles through the ether the
temperature of the latter and of the silver cap in contact with it falls
until the dew-point is reached, that is, until the air outside the cap
18 cooled to such a degree that it can no longer retain its moisture,
which is deposited as a dew upon the silver. The immersed thermo-
meter indicates the temperature at which this occurs, and it should be
read at the instant of the clouding of the silver. Three or four
obgervations are generally necessary to accurate determination, which
may be thus made to 0°1. The temperature of the air must be
simnultaneously noted.
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715, Daniell’s hygrometer is more portable and convenient than
Rognault's, but the indicating thermometer is 8o small that determin-
ations cannot be made nearer than to 0°-5. There is difficulty also in
catching the precise instant at which the dew appears, The instru-
ment consists of two spherical glass bulbs about 13 inch in diameter,
communicating by a glass tube bent at right angles. One of these is
black, the other transparent. A small mercurial thermometer with
pyriform bulb is enclosed in that limb of the tube which communicates
with the former, the bulb descending to the centre of the black sphere.
Sufficient ether to fill this about three-fourths has been intro(lncf'd,
the air excluded as completely as possible by boiling, and the whole
hermetically sealed.  The other sphere is covered with muslin and the
whole supported by a stand on which is fixed a second delicate thermo-
meter indicating the air temperature. To take an observation the
ether is first collected into the black sphere and the temperature of
the air noted.  Ether is then dropped upon the muslin.  As it evapo-
rutes the cold produced condenses the ether vapor which fills the
transparent sphere and the connecting tube and so compels evaporation
and consequent cooling in the black sphere, The mercury in the
enclosed thermometer fulls, and, when it reaches the dew-point, a
ring of condensed vapor appears on the black sphere at the level of
the surface of the etger within. As the ether recovers its original
temporuture the ring gradually disappears. At the moment of ita
disappearance the mdication of the enclosed thermometer gives
another approximation to the dew-point, and the mean of the two
observations is sufticiently near the truth for ordinary purposes.

716. Theseinstraments give the dew-point directly. The
wet and dry bulb thermometers, by a comparwson of
their indications, give the same indirectly. These are two
similar thermometers, set side by side in a frame, which is
fixed four feet from the ground, with the precautions
before described (672). One gives the air-temperature in
the ordinary way; the other the * temperature of evapo-
ration,” The bulb of the latter iz covered with muslin
which is kept constantly moist by means of cotton thread
connecting it with a small reservoir of rain or distiiled
water fixed on the stand. The cotton should be perfectly
free from grease which might interfere with its trans-
mission of water to the bulb. As the moisture evaporates
the bulb cools and the mercury falls; and the less the
bumidity present in the air the more rapid is the
evaporation and the greater the depression of the mercury.
When the air is nearly saturated evaporation is very slow
and the indication of the wet-bulb thermometer is little
lower than that of the dry-bulb; at saturation they
coincide and their common indication is the dew-paint.
When the temperature is very low, as when it is freczing,
evaporation still procceds; but very slowly, because the
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capacity for moisture is low. The differences are then
munute and observations require special care. Unless the
air is satarated, the indication of the wet-bulb thermometer
will always be below that ot the dry-bulb* and above the
dew-point.

717. Having observed the difference between the indi-
cations of the two thermometers the dew-point is calen-
lated either by Apjohn's formulat or by Glaisher’s tables.
The former, for temperatures of weot-bulb above 32°, is

F = f—000038d (p — f)
for lower temperatures,

F=7—000034d (p —f)
where F is the tension of aqueous vapor at the dew-point,
which we desire to find; f is the tension at the tempera-
ture of evaporation, that indicated by the wet-bulb; d is
the difference between the indicutions and 4 is the height
of the barometrical column.

718. Tt will be observed that this formula gives, not
the dew-point itself, but the tension of aqueous vapor of
the dew-poiut in terms of the tensivn at the temperatuve
of evaporation. The corresponding temperatures are
obtained from a table, which expresses the tension or elastic
forcoe of vupor at various temperatures in inches or

* The greatest difforonce observed by Mr. Drew at Southampton
was 69° — 53° == 16°.
+ These formulw are deduced from Apjohn’s, which is ;—
48a(t—0t) p—
F=1 ¢ 30
text ; a is the specific heat of air; ¢ the lutent heat of aqueous vapor ;
t—t —=d; and p, the burometricul pressure in inches. Replucing
a and ¢ by their numerical equivalents the formula becomes

Fof—ooiler (— o). 221

1 In the Bengal Meteorological ¢ Instructions,”” August’s formula is
preferred to Apjohn’s, as being based on more accurate determinations
of clastic force of aqueous vapor and us simplifying culenlatin by
adopting 29'7 us a mean barometrical pressure. The error involved in
this assumption is unimportant except at hill-stations, where correc-
tions must be applied. The formula for all temperatures above

f: whon F, f, @ und % are as given in the

S F. is Fef — 0;’:?3%‘__:_%2- 29-7; and for other temperatures
Fe=f— 048 (t—1) 99 In comparing Meteorological Obser-

12402 —¢ .
vations it is necessary to ascertuin and bear in mind the formula
which has been used.
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fractions of an inch of mercury. If a glass tube, closed at
one end, whose inner surface has been moistened with
water, be filled with mercury and inverted with its open
end immersed in a vessel containing mercnry, the level in
the tube will be lower than in the ordinary barometer;
because the upper part of the tube, instead of being a
vacuum, is filled with aqueous vapor, whose tension or
elastio force depresses the mercury and is measured by the
smount of depression. So long as water is present above
the mercury, to supply vapor, the tension is constant,
however the space may be increased by raising the tube in
the vessel, (provided the open end remain immersed) ; and
if the tube be depressed, contracting the space above, some
vapor will be re.converted to water and the tension will
be the same, temperature and pressure being unchanged.
The amount of depression of the mercurial column corre.
sponding to every ordipary degree of temperature has
been ascertained and tabulated. It must be added that if
air were present, along with the aqueous vapor, the relation
of tension to temperature would be unaltered: the only
difference between the two cases being that in vacuo the
space is saturated iustantaneously with vapor, while time
is necessary if air be present.

719. The following is the Table necessary for calculating
the dew-point by Apjohn’s formula :—



283

TENSION OF VAPOR.

- 0819-0 09 9.¥2-0 or 98010 08
Vioeo | B |oiei | e |owoo | o |owso | es fewso | e Jauno |
. . E 28¥%-0 89 %6650 88 $£60-0.
€682-¢ 811 19081 86 £896-0 84 g . )i T650.0 b
- SS90 L9 §08z-0
v6¥1-¢ L1t 60641 L6 8260 L4 2 i
K 6%%-0 98 12120 98 6¥80
S190-€ 911 1869-1 96 6968-0 94 T 44 o0 s
- 98- g 2£ey-0 se 68020
St T lisea | se |Sedeo| 34 |iiwo| s |asero oo | st
18- . E € 830%-0 €9 ¥881-0 {3 8L0-
MWMWM Mm M%M MM MMMM NM €88¢€.0 [44] 11810 WM MM%W% wm
: ega?, go | 19 |zaLro :
96992 11t 13¢%-1 16 9862-0 14 evL ) o8 forog o
g 809¢-0 09 9t-0
6L.8-2 o1t £60%-1 06 88640 04 0 ) oo, e
g 0 6% 1510 63
110¢.2 601 099¢-1 68 68040 69 8.i7¢ o0 .
G - -0 14 86¥1-0 83 889
128¥-8 801 983661 88 4¥89-0 89 196¢ i Py e 53200 :
81988 L01 8282-1 8 9199-0 L9 8828-0 h .
@ A g oF £981-0 9% 089
¥862-2 901 1é¥e-1 98 16€9-0 99 01180 - :
- - SP 0081-0 s2 90%0-0
8965-3 <01 1€02-1 <8 $L19-0 $9 9662-0 2690.0 H
- £88¢-0 W 0¥81-0 ¥e
L1913 01 0911 8 €969-0 9 A4 Ad o o 4
€860-8 €01 08311 €8 89450 €9 9413-0 S.vc.o i
E -0 144 8211.0 (£ 6E¥0
99€0-3 201 1260-1 a8 09930 29 €192 : .
#9461 | 10T 2.80-1 18 2985-0 9 €192-0 ¥ 9.01-0 13 61¥0-0 1
. . -1070m “1990ut
aojem | 1ejew | Jerem |, il B Bw. 10 -uowuay,
dcmum%o.ﬁ -ouIey ], nowﬂuoﬁ -owleqy, :owm%ou. -owmJaq], aowm.w L .OEM%FH 0 onﬂvoﬁ P .oE«.M.F—.
° ¥ EEDCL
seyou] oam%mQ seqouy ow..uwaﬂ 89QL | goiflaq soyoul eaxdaq saqou] eaxda(q 9001 eaade(y




-

284 CLIMATE AND METEOROLOGY.

720. The calculation of the dew-point by this method
will be best explained by an example. At a certain
bour the barometer stood at 29802 (p); the dry-bulb
thermometer indicated 110°5, the wet-bulb 745 ; the
difference being 36° (d). The temperature of the wet-
bulb being over 82° we use the former of the two for-
mulw ; and, substituting the values just stated for p and d
and 0-8533 rtension corresponding to 74”5, obtained
from the Table) for f, we find F'=0-8533 — 000038 x 36 X
(29-802 — 0-8533) = 0'4573. From the Table we find that
this tension corresponds to 56°°5, which is, therefore, the
dew-point,

721. Glaisher's factors* have been deduced from comparisons
of observations of the dry and wet-bulb thermometers with the dew-
points determined by Daniell’s hygrometer. The following formula,
with the aid of the Table given bolow, supplics the dew-point €,
at any hour :—

D=t—v{t—1t);
in which ¢ is the dry-bulb and ¢ the wet-bulb reading, and v the
factor corresponding to ¢ in the following Table :—

722, TaBLE oF GLAISHER'S FACTORS.

l?;lyb- Factor. ll))u I{{; Factor. lf\)x '{{; Factor. ‘1’::‘51;' Factor.
21° 7:88 41° 2:26 61° 187 81° 1-68
22° 7:60 42° 2-23 62° 186 82° 167
23° 728 43° 220 63° 1'85 83° 1-67
24° 692 44° 218 61° 883 84° 1:66
25° 663 45° 2'16 65° 1-82 85° 1:65
26° 608 46° 2:14 66° 181 86° 165
27° 561 47° 212 67° 180 87° 1-64
28° 512 48° 210 68° 1:79 88° 1:64
29° 463 49° 2:08 8y° 178 89° 163
80° 4-15 50° 2:06 70° 77 90° 1-63
81° 370 51° 2:C4 71° 176 91° 1-62
382° 882 42° 2:02 7% 1-75 92° 1-62
38° 301 58° 2:00 78° 174 93° 1-60
84° 277 54° 1-98 74° 173 94° 1-60
35° 2:60 55° 1-96 75° 172 96° 1-59
86° 2:60 56° 194 76° 171 96° 169
87° 242 57° 192 i 1-70 97 159
s 1 286 | 68°| 190 | 78| 169 ° | 158
39° 2:32 59° 189 79° 1-69 99° 1-58
40° 2:29 60° 188 80° 168 100° 1-57

* These factors assume a constant barometrical pressure and, there-
fore, cunnot give results so accurate as Apjohn’s ormula.
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723. For example; suppose the air-temperature (f) to be 80°, the
temperature of evaporation (¢') 74°.  The Tuble shows the factor (o)
corresponding to 80° tobe 1'68.  Then L = 80° ~— 168 (6°) = 80° —
10°-08 = 69992,

724. The absolute humidity or total amount of aqueous vapor present
in the air at any given time is expressed in grains per cubic foot and
is ascertained from the following Tuble, which gives the quantity of
moisture which saturated air contains at different temperatures. The
amount prescnt at any moment is that which would be sufficient to
suturate at the dew-point. Having determined the dew-point, there-
forc, we apply to the Table to ind the corresponding quantity of
maoisture,

725. TARLE OF WEIGHT OF VAPOR IN A CUBIC FOOT OF SBATURATED
A, under pressure of 30 inches.#

['5

£ £ 5 £

g ) £ . £ ; 2 .
& £ & | 2 & | 2 & | 2

g g £

& S & < & <) & 5
21° 14 84° 238 47° 37 60° 58
22° 14 35° 24 48° 38 61° 60
23° 16 86° 25 49° 40 62° 62
24° (B3] 37° 26 50° 41 68° 64
25° 16 | 88 | 27| s1° | 42] 60 |68
26° 17 39° 28 52° 44 65° 68
27° 18 | 40° | 29} 68 | 46| 66 |70
28° 1-8 41° 30 54° 47 67° 73
29° 19 49° 81 b5° 9 68° 76
30° 20 43° 32 66° 60 69° 78
31° 21 44° 33 57° 52 70° 80
82° 21 45° 84 58° 54

33° 22 46° 86 5% 56

A

726. The relative humidity, or degree of humidity,
is the ratio of the quantity of moisture present in the air
at any time to that which would saturate at the actual
temperature. It is expressed as per-centage of sataration.
It may be calculated from the dew-point and the air-tem-
perature, by means of the table given in (719), being
= F + f; that is, the tension of aguous vapor at the dew-

* When the barometer indication differs f'mr_n .30'000 the wei_ght
given by this table must be increased or diminished proportion-
ately.
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point divided by that corresponding to the temperature in-
dicated by the dry-bulb thermometer. It is, however, more
readily ascertained by means of the following Tables*
which have been calculated for four barometrical pressures,
according to Apjohn’s formula and Regnault's determin-
ations of tension of aqucous vapor. The Tuble with
pressure ncarest to that observed is to be used. The
figure at the intersection of the vertical colnmn, headed
by the difference hetween dry and wet-bulbs, with the
horizontal line of the reading of the wet-bulb is the
relative humidity.

From Mr. Pogson's Madras Meteorological Reduction Tables.
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728. Fordeducing the mean daily temperature of evapor-
ation from a few observations a minimum wet-bulb ther-
mometer is used besides the ordinary one. The method
described above (674) for determining the mean air-
temperature is inapplicable in this case, because & wet-bulb
muximum cannot be relied on. 1If, through accident or
neglect, the muslin surrounding the bulb of this instru.
ment should become partially dry for any time, the
mercury will immediately rise above the point which it
should have indicated and the range thus obtained would
be erroneous. A maximum wet-bulb, therefore, is practi-
cally useless. There is no similar objection to the minimum
wot-bulb ; because, just before sunuorise, when cold and
moisture are greatest and when the true minimum is
reached, there 1s little danger of the muslin becoming dry,
and at any other time such an accident would be imma-
terial, not affecting the position of the index. The wet-
bulb minimum thermometer is similar in construction to
the minimum before described (681).

729. The mean daily temperature of evaporation, then,
is approximately deduced, with the aid of the follo