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PREFACE.

THE Royal Commission appointed in 1857 to inquire into the sanitary
condition of the army in England, prepared a new edition of the
“ Queen’s Hospital Regulations,” which was published by authority in
1859.*

The new Regulations entirely altered the position of the Army
Medical Officer. Previously the Army Surgeon had been entrusted
officially merely with the care of the sick, though he had naturally
been frequently consulted on the preservation of health and the preven-
tion of disease. But the Regulations of 1859 gave him an official
position in this direction, as he is ordered “to advise commanding
officers in all matters affecting the health of troops, whether as regards
garrisons, stations, camps, and barracks, or diet, clothing, drill, duties,
or exercises ” (p. 7).

The Commission also recommended, that, to enable the Army Surgeon
to do this efficiently, an Army Medical School should be established,
in which the “specialties of military medicine, surgery, hygiene, and
sanitary science” might be taught to the young medical officers entering
the army.

This work is an attempt to carry out the wishes of the Commissioners
as regards sanitary science, by providing a text-book of Hygiene, illus-
trated by examples drawn from army life, for the gentlemen attending
the Army Medical School.

The Official Medical Regulations have been taken as the basis of the
work. T have endeavoured to see what the Regulations demand from
the medical officers of the army, and what are the duties they chiefly
have to do, and then to explain how the Regulations are to be carried
out. In writing this work I have had to deal only with one sex, a

® « Regulations for the Dutics of Inspectors-General and Deputy-Inspectors-General,
and for the Duties of Staff and Regimontal Medical Officers, &c.,”" 1859. This work is
also termed, for shortnees, * Medical Regulations.”
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certain age, and a particular trade, but as the general principles ot
hygiene are tolerably fully discussed, I have thought it entitled to be
called a work on general hygiene.

The work is divided into two Books ; in the First I have arranged the
chief subjects of hygiene in what is, for my purpose, the most con-
venient order, and have illustrated them by examples drawn from army
life. I have also included some other topics, such as meteorology and
statistics, which it is important medical officers should learn. In these
several chapters, 1 have thought constantly on what would be useful to
army surgeons, who are often far from all books, or possibility of refer-
ence. So that, in some parts, 1 have endeavoured to make the book
one of reference, though I have been obliged to compress it to the
greatest degree. In the Second Book, the service of the soldier is more
particularly described.

To enable medical officers to perform the chemical processes re-
quired in the analyses of water and air, and in the examination of
food,*® the Director-General has recommended, and Lord de* Grey has
been pleased to sanction, the issue of a small box, containing sufficient
apparatus and reagents for these processes, and this will be issued to the
several stations on demand. After much consideration, I have adopted
the French weights and measures, as being more convenient for volu-
metric analyses, of which considerable use is made. In chemistry the
battle of the standards is over, and the simplicity of the French weights
is such that even those who are not at first acquainted with them will,
in a very short time, find no difficulty in using them. T have made
the chemical directions as simple as possible, and have thought it best
to use the old equivalents and notation.

I have to thank my friend, Dr Maddox, for very kindly drawing for
me all but two of the microscopic objects ; his drawings have been very
carefully engraved on copper or wood by Mr Bagg. I must express
my obligations to the Council of the Royal United Service Institution
for permitting me to use the stone with the lithographs of knapsacks,
employed in illustration of Dr Maclean’s paper, published in the 10th
volume of the Journal of the Council.

I have to thank also my friends, Dr Sutherland and Dr Francois
de Chaumont, for many valuable suggestions.

* There is & typographical error of importance in the chapter on Foop which I take
this opportunity of correcting. In the table for calculating diets,p 141, the percentage
of starch is stated as 68-2, it should be 882, As this would make & serious error in
calculating & rice diet, 1 would ask those who read the book to correct it at onee with
the pen. A correction has also to be made in respect of the Contagious Diseases Pre-
vention Act, for which see “ Corrections and Additions.”
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INTRODUCTION.

HyeIExE is the art of preserving health ; that is, of obtaining the most perfect
action of body and mind, during as long a period as is consistent with the
laws of life. In other words, it aims at rendering growth more perfect, decay
less rapid, life more vigorous, death more remote.

This art has been practised from the carliest times. Before Ilippocrates,
there were treatises on hygiene, which that great master evidently embodied
in his incomparable works. It was then based on what we should now call
empirical rules—viz., simply on observations of what seemed good or bad for
health. Very early, indeed, the effects of diet and of exercise were caiefully
noticed, and were considered® the basis of hygiene. Hippocrates, indeed,
appears to have had a clear conception of the relation between the amount of
food taken, and of the mechanical force produced hy it ; at least, he is ex-
tremely careful in pointing out that there must be an exact balance between
food and exercise, and that disease results from excess either way.

The effects on health of different kinds of air, of water, and to some extent
of soils, were also considered at a very early date; though naturally the
ignorance of .chemistry prevented any great advance in this direction.
Hippocrates summeod up the existing knowledge of his time on the six
articles, which in after-days received the absurd name of the “ Non-naturals.”+
The six articles whose regulation wus considered indispensably necessary to
the life of man, were—air, aliment, exercise and rest, sleep and wakefulness,
repletion and evacuation, the passions and affections of the mind.

With the exception of the attempts of the alchemists, and of the chemical
physicians, to discover some agent or drug which might increase or strengthen
the principle of life,} the practice of hygiene remained within the same limits

# Herodicus, one of the preceptors of Hippocrates, was the first to introduce medicinal
gymnmties for the improvement of health and the cure of disease; though gymnastics in
raining for war had been used long before. Plutarch says of him, that labouring under a decay
which he kuew could not be perfectly cured, he was the dirst who blended the gymmnastic art
with physic, in such a manner as protracted to old ﬁi his own life, and the lives of others
afflicted with the same disease. He was censured by Plato for keeping alive persons with crazy
constitutionn.--Mackenzie on Health, p. 78

4+ This title oriﬁinated in a sentence of (Galen, and was introduced into use by the jargon of
the Peripatetic achnol. 1t was employed in all treatises on hygiene for probably nearly 1500

1 It waa when chemistry was being rudely studied by the alchemists that an entirely
different achool of hygiene arose. The discovery of chemical agents, and the great effect they
led to the notion that they could in some way aid the forces of life, and

mrduce on the hod¥,
ure a prolonged, if not an eternal youth, and a life of ages, instead of one of years, This be-
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until physiology (the knowledge of the laws of life) began to be studied.
Hygiene then began to acquire a scientific basis. Still retaining ite em;i)i.rioal
foundation, drawn from observation, it has now commenced to apply the
physiological discoveries to the improvement of health, and to test the value
of its own rules by thia new light. It is now gradually becoming an art
besed on the science of physiology, with whose progress its future is identified.

But the art of hygiene has at present still another object. If we had a
perfect knowledge of the laws of life, and could practically apply this know-
ledge in a perfect system of hygienic rules, disease would be impossible.
But at present disease exists in a thousand forms, and the human race lan-
guishes, and at times almost perishes, under the grievous yoke. The study
of the causes of disease is strictly a part of physiology,* but it can only be
carried out by the practical physician, since an accurate identification of the
diseases is the first necessary step in the investigation of causes.

The causes being investigated, the art of hygiene then comes in to form
rules which may prevent the causes or render the frame more fitted to bear
them ; and as, in the former case, it was the exponent of physiology, in this
case it becomes the servant of the pathologist.

Taking the word hygiene in the largest sense, it signifies rules for perfect
culture of mind and body. It is impossible to dissociate the two. The body
is affected by every mental and moral action ; the mind is profoundly influ-
enced by bodily conditions. For a perfect system of hygiene we must com-
bine the knowledge of the physician, the schoolmaster, and the priest, and
must train the body, the intellect, and the moral soul in a perfect and
balanced order. Then, if our knowledge were exact, and our means of
application adequate, we should see the human heing in his perfect beauty,
as Providence perhaps intended him to be; in the harmonious proportions
and complete balance of all parts, in which he came ont of his Maker’s
hands, in whose divine image, we are told, he was in the beginning made.

But is such a system possible?

Is there, or will there ever be, such an art, or is the belief that there will
be, one of those dreams which breathe a blind hope into us, a hope born only
of our longings, and destined to die of our experience? And, indeed, when

lief, the natural result of the discovery of new powers, has not yet entirely died out ; and while
there are some who still look to every fresh agent as possibly containing ‘¢ the halsam of life,”
there are also still enthusiasts who search the mystic tomes of the alchemists or the Rosi-
crucians, in the faith that, after all, the great secret was really found. It may be worth while
to consider the idea which underlaid the dreams of the alchemists. Life was looked on as an
entity or principle, liable to constant waste, and to eventual expenditure. If some agent coukl
be found fo arrest the waste, to erystallise, as it wero, the tissues in their full growth and vigour,
decay, it was conceived, would be impossible, and youth would be eternal. In other cases,
it was supposed that the agent would itself contain the principle of life, and therefore would at
once restore destroyed health, and recall again departed youth. We now know this idea to he
wrong in every point. The constant deca{ the alchemists sought to check is life itself, for life
iteelf is incessant change, and what we call decay is only a metamorphosis of force, To arrest
the changes in the hody for one single moment wounld be death, or, short of death, it would be
lessening of the forces which are the expression of life. Nor is there any hope that the exten.
sion of the period of vital force can ever be accomplished except by improving the nutrition of
the tissues. Here, indeed, it is just possible that, in time to come, drugs will aid Hygiene,
cither by better preparing food for the purposes of nutrition, or by removing or preventing
those chemical changes in the tissues which we call decay. But at present, certainly, no rules
can be laid down for the use of drugs in hygiene, except in that debateable land which lies
hetween hlyﬁliene and the practice of medicine, that is, in that uncertain region whick we do not
lik‘e go cfaalct ise:;e, tla.nd yet Yhich is not luilalth. )

n fact, in the last analysis we see that physiology and pathology are one ; normal and
abnormal life, re ular and jrregular growth and decay, must be studied togetha'r, Just as we
see that human physiology is imperfect without the study of all the other forms of life, animal
?i:;ll lv;gwet:ble, which are in the world. Separated for convenience, these various ntudiea will

vorge.
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-we look around us and consider the condition of the world ; the abyndance
of life, its appalling waste ; the wonderful contrivances of the animal king-
dom, the apparent indifference with which they are trampled under foot ;
the divine gift of mind, its awful perversions and glienations; and when,
especially, we note the condition of the human race, and consider what it
apparently might be, and what it is ; its marvellous endowments and lofty
powers ; its terrible sufferings and abasement ; its capacity for happiness, and
its cup of sorrow ; the heavenly boon of glowing health, and the thousand
diseases and painful deaths, he must indeed be gifted with sublime endur-
ance or undying faith, who can still believe that out of this chaos order can
come, or out of this suffering happineas and health,

In the scheme of Providence it may not be meant that man shall be
healthy. Disease of mind and of body may be the cross he has to bear; or it
may be the evil against which he is to struggle, and whose shackles he is
finally to unloose. The last disease will disappear, we may believe, only
when man is perfect, and as in the presence of the Saviour all disease was
healed, 8o, before perfect virtue, sorrow and suffering shall fade away. Whether
the world is ever to see such a consummation no man can say, but as ages
roll on, hope does in some measure grow. In the midst of all our weaknesses,
and all our many errors, we are certainly gaining knowledge, and that know-
ledge tells us, in no doubtful terms, that the fate of man is in his own hands.

It is undoubtedly true that we can, even now, literally choose between
health or disease ; not, perhaps, always individually, for the sins of our fathers
may be visited upon us, or the customs of our life and the chains of our civi-
lisation and social customs may gall us, or even our fellow-men may deny us
health, or the knowledge which leads to health. But as a race man holds his
own destiny, and can choose between good and evil ; and as time unrolls the
scheme of the world, it is not too much to hope that the choice will be for

good.

Looking only to the part of hygiene which concerns the physician, a perfect
system of rules of health would, I conceive, be best arranged in an orderly
series of this kind.

The rules would commence with the regulation of the mother’s health while
bearing her child, so that the growth of the new being should be as perfect as
possible, Then, after birth, the rules (differing for each sex at certain times)
would embrace three epochs ;* of growth #including infancy and youth) ; of
maturity, when for many years the body remains apparently stationary ; of
decay, when, without actual disease, though, doultless, in consequence of some
chemical changes, molecular feebleness and death commence in some part or
other, forerunning general decay and death.

In these several epochs of his life, the human being would have to be
considered—

1st, In relation to the natural conditions which surround him, and which
are essential for life, such as the air he breathes ; the water he drinks; his
food, the source of all bodily and mental acte ; the soil which he moves on,
amll the sun which warms and lights him, &c. ; in fact, in relation to nature
at large.

2d, In his social relations, as subjected from his own acts to a variety of
influences, as a member of & community with certain customs, trades, condi-
tions of dwellings, clothing, &oc. ; subjected to social and political influences,
sexual relations, &c.

First expressly noted by Galen.
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3d, In his capacity us an independent being, having within himself sources
of action, in thoughts, feelings, desires, personal habits, all of which affect
health, and which require self-regulation and control. .

Even now, incomplete as hygiene necessarily is, such a work would, if
followed, almost change the face of the world. But would it be followed ?

In consequence of the immense extent of the subject of hygiene, it has
often been divided into parts. .

There are certain rules of health which may be admitted by all, but which
a particular individual may be unable to follow. For example, pure air is a
necessity for health ; but an individual may have little control over the air
which surrounds him, and which he must draw into his lungs. He may be
powerless to prevent other persons from contaminating his air, and thereby
striking at the very foundation of his health and happiness, Here, as in so
many other cases which demand regulation of the conduct of individuals
towards each other, the State steps in for the protection of its citizens,
and enacts rules which shall be binding upon all. Hence arises what is now
termed ¢ State Medicine,” a matter of the greatest importance. The fact of
« State Medicine” being possible, marks an epoch in which some sanitary rules
receive a general consent, and indicates an advancing civilisation. Fear has
been expressed lest State medicine should press too much on the individual,
and should too much lessen the freedom of personal action. This, however,
is not likely, as long as the State acts cautiously, and only on well-assured
scientific grounds, and as long as an unshackled Press discusses with freedom
every step.*

There are, however, some cases in which the State cannot easily inte. gre,
though the individual may be placed under unfavourable hygicnic condita. s
by the action of others. For example, in many trades, the employed are
subjected to danger from the carelessness, or avarice, or ignorance of the
employers. Every year the State is, however, very properly, more and more
interfering in this matter, and shielding the workman against the dangers
which an ignorant or careless master brings on him.

But in other cases the State can hardly interfere with effect ; and the
growth of sanitary knowledge, and the pressure of public opinion, alone can

* A watchful care over the health of the people, and a due regulation of matters which con-
cern their health, is certainly one of the ggost important functions of Government. The fact
that, in modern times, the subject of h generally, and State Medicine in particular, has
commenced to attract 50 much the public attention, is undoubtedly owing to the application of
statistics to public health. It is impossible for any nation, or for any Government, to remain
indifferent when, in figures which admit of no dems , the national amount of health and happi-
ness, or disease and suffering, is determined. The establishment of the Registrar-Ge; ’s
office in 1838, and the commencement of the system of accurately recording births and deaths,
will hereafter be found to be, as far as the happiness of the people is concerned, one of the most
important events of our time. We owe a nation’s gratitude to the Registrar-General for the
persistence with which he has used his official position for the public good, and to his able
MWMMO?';RWy to bim to whose sagacity the chief fruits of the inquiry are due, to

Another action of the Government in our day was scarcely less imgortmt. It is impoasible
to overrate the value of the Government Inquiry into the Health of Towns and of the country
g}uqenlly, commenced nearly a quarter of a century ago by Edwin Chadwick, SBonthwood Smith

eil Arnott, Sutherland, Guy, Toynbes, and others, and which has, in fact, been contined
ever since, and is now vlgorounl&un'led on by the official successor of these the medi-
cal officer to the Privy Council, Mr Simon, Consequent an this movement came
ment of medical officers of health to the different towns and parishes. The reports y:gmg:i
by many of these gentlemen (Dundas Thomson, Buchanan, Lankester, Hillier, and others)
have greatly advanced the subject, and have done much to diffuse 8 know! of hygiene
among the poo?ﬂe, and at the same time to extend and render precise our knowl of the con-
ditions of national health. When the effect of all these researches and measures devel
itaelf, it will be seen that even great wars and political earthquakes are really nothing

<
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work a cure, as, for example, in the case of the dwellings of our poorer classes.
In many parts of the country the cottages are unfit for human beings ; in
many of our towns, the cupidity of builders runs up houses of the most miser-
able structure, for which there are unhappily no lackeof applicants ; or masters
oblige their men to work in rooms, or to follow plans which are most detri-
mental to health, '

But even in such cases it will, I believe, be always found that self-interest
would really dictate the course which is one of the foremost rules of religion,
viz, that we should do for our neighbours as for ourselves. Analyse the
effect of such selfishness and carelessness as I have referred to on the nation
at large, and we shall find that the partial gain to the individual is far
more than counterbalanced by the injury to the State, by the discontent,
recklessness, and indifference produced in the persons who suffer, and which
may have a disastrous national result.

In many cases, again; the employer of labour finds that, by proper sanitary
care of his men, he reaps at once an advantage in better and more zealous
work, in fewer interruptions from ill health, &c., so that his apparent outlay
is more than compensated.

This is shown in the strongest light by the army. The State employs a
large number of men, whom it places under its own social and sanitary con-
ditions. It removes from them much of the self-control with regard to
hygienic rules which other men possess ; and is therefore bound by every
principle of honest and fair contract to see that these men are in no way
injured by its system. But more than this: it is as much bound by its
self-interest. It has been proved over and over again that nothing is so
costly in all ways as disease, and that nothing is so remunerative as the out-
lay which augments health, and in doing so augments the amount and value
of the work done.

It was the moral argument, as well as the financial one, which led Lord
Herbert to devote his life to the task of doing justice to the soldier, of in-
creasing the amount of his health, and moral and mental training, and, in so
doing, of augmenting not only his happiness, but the value of his services to
the country. And by the side of Lord Herbert in this work was one whose
name will ever be dear to the country, and whose life, ever since that memor-
able winter at Scutari in 1855, has been given up entirely to the attempt to
improve the condition of the soldier.

is book has been written to assist th carrying out one of Lord Herbert's
&hns, and in accordance with his wish, and with that of Lord De Grey, his
end, coadjutor, and snccessor.

It has, therefore, been sketched on a narrower basis than the longer treatise
indicated above, which would have to deal with both sexes, all ages, and
various trades and conditions.

Although, however, as dealing with Military Hygiene, and drawing its
examples from the soldier's life, it is a work on Army Sanitation, it yet in-
cludes the general principles of hygiene gpplicable to all men; principles
which, though here stated neceesnﬁ.{y in the briefest and barest way, are, I am
persuaded, fraught with benefit to all men, if they are properly interpreted
and faithfully applied.



CORRECTIONS AND ADDITIONS.

Tae CoNTacious Diseasks PREVENTION Aot (29th July 1864);

AT page 454, some of the clauses of this Act are given. These clauses were,
however, taken from the Bill as drawn, and when it was believed it would be
passed as then prepared. Before, however, it received the Royal assent, on
the 29th July 1864, some very important modifications were made in it. The
clauses 10 to 17, as given at page 454, aro altered, and the following proce-
dure is resulted to. (Clauses 11 to 16 of the Act as passed.)

Information according to a certain form (contained in the second schedule
of the Act) is laid hefore a Justice of the Peaco that a common prostitute haa
venereal disease. A motice in a certain form is then issued to the woman
either to attend before the Justice, or to go at once with a constable to a certi-
fied hospital for medical examination. If found diseased, she can then be
detained in the hospital for treatment, under order from the Justice to whom
the medical certificate from the hospital is transmitted. Power is given in
clause 17 to enable the Justice to enforce the order, and to oblige the woman
to conform to the regulations of the hospital, and to retain her in it if she
wishes to leave.

Clause 18 remains as it was.

It will be observed then, on comparing this plan with that given at page
454, that the necessity of the woman being in a public place following her
trade before she can be apprehended is done away with. She can be taken
from a brothel if necessary.

The effect of these alterations has been greatly to simplify and improve the
Act; in fact, without them, it would have been almost in-operative. The ob-
jections taken to its mode of procedure, at page 455, are therefore obviated,
and it is now evidently as efficient as it can be made with regard to the
woman herself. Whether clause 18 could not he better defined is, however, a
question. The Aet is to continue in force for three years. It is most earnestly
to be desired that it should be faithfullv administered.

Disposal of Sewage. :

Since the Chapter on Sewage was printed another report has been presented
by a Committee of the House of Commons, in which the passing of sewage
matters into rivers is strongly condemned, and it is stated that it can be ap-
plied to land with pecuniary profit. It is by no means improbable, there-
fore, that in the next session (1865), we shall see some legislative measure
with regard fo streams. It is evident that every town will have to consider
this matter most seriously, and in some casos embarrassment may be caused,
but the result must be eventually beneficial.
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CHAPTER I
WATER.

ARMY REGULATIONS ON THE SUBJECT OF WATER.

TH18 subject is referred to in the following places of the Medical Regulations
for the Army (1859) :—

Barracks.—At page 29, the Imspector, or Deputy Inspector-General, is
required to see that * the water-supply is good and abundant, that wells are
properly covered, and that there is no soakage from cesspools or drains into
them ;” and also, that there * are lavatories and baths for the use of the men,
and that bathing-parades are sufficiently frequent.”

At pages 78, 79, the Surgeon, or Assistant-Surgeon, in charge of a regi-
ment is ordered “at least once a week to inspect all lavatories and baths,” and
also “ to examine the quality and amount of drinking-water, and the protection
of wells, &c., from soakage of latrines, cesspools, &c.

Camps and Stations.—The same duties are to be carried out in camps and
stations (p. 81).

General Hoepitals.—The * Sanitary Officer” who is appointed in each
general hospital, or the principal medical officer, if no sanitary officer is
appointed, is directed, at p. 43, to examine the water-supply.

Temporary Hospitals.—Before any building is selected as an hospital, it is
directed (p. 39) that the water-supply be examined.

Field Service,—The * Sanitary Officer” examines into the water-supply of

Fbuildings selected, and of all epots chosen for encampments (p. 83), and
points out “the best sources of supply of water, and the precautions required
in storing, purifying, and distributing water for use” (p. 131).

Ships.—The same duties are to be performed by the principal
medical officer at the port of embarkation, and by the surgeon in charge dur-
ing the voyage (p. 85).

Foreign Statione—The medical officer in charge of troops makes, monthly,
a on the sanitary condition, which itteludes, of course, the quantity and
quality of the waf ly (p. 93).

Annual Reports.—The same topics are to be again discussed in the Annual
Reports, “the sources, quality, and quantity of the water-supply ; its whole-
somenees, and the means of purification used,” being the points especially
referred to (p. 107). .

The care with which these regulations are drawn up sufficiently indicates
the importance justly attached to this subject. .
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Tix: points, therefore, which the medical officer must include in his reports
are these :—

1. The quantity of water per head per diem ; its sufficiency or the reverse,

2. Its quality, including its physical and its microscopical characters, and
its chemical composition.

3. Its collection, storage, and distribution.

4, The condition of tanks, cisterns, pipes, &e. .

6. In the field the medical officer may be called on to indicate the possible
sources of water, to estimate the quantity attainable from any source, and to
determine the quality.

-

SECTION L
Sus-SectioN L—1. Quastity or WATER FOR HEALTHY MEN

A proper quantity of water must be supplied in a convenient way, and
arrangements must be made for the removal of dirty water.

Amount requived for drinking.—The regulations for transport ships order
that each man shall receive 6 pints daily out of, and 8 pints in, the tropics,
for drinking and cooking, In emigrant ships the usual allowance is 8 pints
per adult daily.

The exact amount of water taken by an adult in 24 hours is, on an average,
from } a fluid ounce to yfsths or y5ths of an ounce for each pound avoir. of
body weight. A man weighing 1401bs, will therefore take ahout 70 to 90 fluid
ounces daily, and in ordinary English dict about 20 to 30 ounces of this are
taken in the so-called solid food, and the remainder is drunk as liquid of some
kind, But the amount taken varies within wide limits in different circum-
stances, and from individual peculiarities ; some men take only 60 ounces—
other as much as 120, or even more. The 6 pints given on bourd ship are
therefore enough, if there is no great loss from cooking. Thero is seldom any
question of deficiency of water for drinking, but it should be seen that it is
readily procurable at proper times.

During great exertion thero is so great a loss of water from the skin that
more must be drunk ; and it is of great importance that water should be readily
procurable, and should be taken in small quantities frequently to replace the
loss. This should be particularly attended to on marches.—(See Exercise.

Amount required for cleansing the person, clothes, and habitations.—The
smallest amount for personal and clothes washing, and for share of house
washing, is 4 gallons per head daily. 1f perfect cleanliness is to be secured,
and if baths are taken, at least 16 gallons per head are required. A gz:rl
bath for an adult requires from 36 to 70 gallons ; a shower bath, at leaft 6
gallons ; a hip bath, 12 to 18 gallons,

Amount required for Sewers.—The fall and make of sewers, and the amount
of rainfall, influence this. 1f 16 gallons are provided for domestic purposes,
9 more should be added for sewers, or in other words, a total of 25 gallons
per head per diem should pass into sewers in addition to minfall* In a
question of sewage drainage for a town or station, the amount of available
water at all times of the year becomes a most important question. The
amount for a water-closet has not been determined, and varies with different
closete. At Netley Hospital, with Jenning’s closets, which require a good
deal of water, it is 10 gallons per head daily.

* This was the quantity which Mr Brunel informed me some years ago he considered should
be vidodwhen%.wn imy t to fix th mcllutnoomny.‘oumomt, oceas
of the erection of an hoapital in y during th: Crimean War. on the ton
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Amount for Public Buths.—If these are largely used, a much greater quau-
tity is necessary than 16 gallons per head, but no exact statement can be
made, The enormous baths of Ancient Rome required an amount so great
that at least 300 gallons per head per diem must have been supplied.

Amount for Trades and Manufactures.—This will of course vary greatly,
In 1852, in Manchester, the supply for trade purposes alone was about 10
gallons per head per diem. In Glasgow, in 1852, it was about 7 to 10 gallons,
In Liverpool, in 1862, about 4 gallons were taken for trades.

Amount required for Animals.—Sometimes a medical officer may have to
reckon how much water must be obtained for animals. A horse drinks from
8 to 12 gallons daily, and ought to have 3 or 4 more for washing ; a cow or
small ox drinks about 6 to 8 gallons ; a sheep or a pig, 1 to 1 gallon.

Of late years the total supply of water to towns has heen large, and is now
being greatly increased.

Per head daily.
In 1852, 1862
Manchester received . 20 gallons.
Glasgow ” . . 35 50 gallons.
Edinburgh " . . 30
Liverpool ” . . 23 30

In 1857, London received 32 gallons, and in 1862 about 50 gallons, per
head daily.

In 1857, the average supply to 14 English towns of second-rate magnitude
was 24 gallons ; the largest supply was 50 ; the smallest 14 per head daily.*

New York receives about 300 gallons per head.

Ancient Imperial Rome received from 300 to 340 gallons per head daily ;
a large share of this must have been for the supply of the magnificent baths.

In drawing up the Report the medical officer should distinguish between
the different uses of water.

2. QuaxTity oF WATER FOR Sick MEN.

For hospitals a much larger quantity must be provided, as there is so much
more bathing and washing. If baths are largely used, and their use is daily
increasing, the amount of water must be practically unlimited. —But from
40 to 50 gallons per head daily is the least that should be used in a good
hospital, and this, as far as imperfect estimates permit me to state it, is ex-
pended as follows :—

king, including cleansi ;
Jo;f"goml‘;g] ’ mc. uding (‘ eansmgf 2to 4 gallons per head daily.
For personal washing, baths, 18 to 20

&e., . . » »

* Professor Rankine gives the following table (Ctvil Engineering, 1862, p. 781) :—

& Gallons per day per head.
Least. Greatest. Avorage

Used for domestic purposes, . . . e T 15 10
Wakig shn,” exlopiiiog e, wpiod) 3 3 s
Mlowmc:?or trade and waste, .. . o0 7 7 7
Total in non-mapufscturing towns, . . 17 25 20
Additional demand in manufacturing towns, . . 10 10 10
Total In mauufacturing towns, . . . 27 85 80
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For loundry washing, . . Bto 6 gallons per head daily.
For washing and cleansing of } 3t 6
hospitals and utensils, . ” »
qu water-closets, . . 10 » ”
40 to 46

But it would be very desirable to have more precise data as to these quantties.

SuB-SEoTION II.—ESTIMATION OF THE AMOUNT OF WATER YIELDED
BY DIFFERENT SOUROCES.*

The medical officer may sometimes be called upon to calculate the amount
of water derived from the several sources.

Rain.—The amount of water given by rain can be easily calculated, if two
points are known—viz., the amount of rainfall, and the area of the receiving
surface, The rainfall can only be determined by a rain-gauge (the mode of
constructing which is given in the chapter on Practical Meteorology) ; the
area of the receiving surface must be measured.

Supposing that it be known that the rainfall amounts to 24 inches per
annum, and the area of the receiving surface (say the roof of a house) is 500
square feet ;

Moultiply the area by 144 (number of square inches in 1 square foot), to
bring it into square inches, and multiply this by the rainfall. The product
gives the number of cubic inches of rain which fall on the house-top in a year,
or in any time the rainfall of which is known. This number, if divided by
277-274, or multiplied by ‘003607, will give the number of gallons which
the roof of the house will receive in a year (viz., in this case 6232 gallons) ;
or if it is wished to express it in cubic feet, the number of cubic inches must
be divided by 1728 (number of cubic inches in a cubic foot), or multiplied
by -00058.

To calculate the receiving surface of the roof of a house, it is not necessary
to take into account the slope of the roof. All that is required, is to ascertain
the area of the flat space actually covered by the roof. The joint areas of the
ground-floor rooms will be something less than the area of the roof, which
also covers the thickness of the walls and the eaves,

In most English towns the amount of roof space for each person cannot be
estimated higher than 60 square feet ; and in some poor districts, is much

~—
* The following are some useful measures and weights of water (at 60° Fahr.):—
1 cubic foot of pure water, . . = 1728 cubic inches.

» »» . . . = 62855 gallons (say 6'23).

» » . . . weighs 6244 lbs. avoir.; and this is the
pressure of a wb:co{wt of water
on each square foot.

1 gallon, » . . . = - 277274 cubic inches, or 0-1604
cubic feet.

> ”» . . . i 70,000 graiuns, or101bs, ° 3
1 im' pint, . : ' weighs ins, or 101bs. at 60° Fahr

= 8465923 cubic inches (say 84°66).
w9 weighs 8750 X
1 imperial ounce, }3;8% cubic inches.
o cnsjic gé&, weﬁli: %%m‘
cubic inches, we -7 ounces (avoir.
1 French litre, ;8 0-2200767 3 ‘
29 ”» = 61027 cuble inches.
16 = Bt cubte ter 3r 924,
= .
11b. avoir., = 00045 = tom, " 2 @allons.
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less. Taking the rainfall in all England at 30 inches, and assuming that all
is saved, and that there is no loss from evaporation, the receiving surface for
each person would give 940 gallons, or not quite 3 gallons a-day. But as few
town houses have any reservoirs, this quantity runs in great part to waste in
urban districts, In the country it is an important source of supply, being
stored in cisterns or water-butte. If, instead of the roof of a house, the
receiving surface be a piece of land, the amount may be calculated in the
same way.* It must be understood, however, that this is the total amount
reaching the ground ; all of this will not be available; some will sink into
the ground, and some will evaporate ; the quantity lost in this way will vary
with the soil and the season from one-half to seven-eighths, To facilitate these
calculations, tables have been constructed by engineers, and the following por-
tion of a table from Beardmoret will give the amount per acre,

Discharges due to Rainfall—(if the annual rainfall be equally distributed
over the year).

i:i::ur;;r Cubic Feet per Minute. || Cubic Feet per Diem Gallons per Diem.

On 1 Square}On 1 Square, On 1 Square{On 1 Squarej On 1 Square
Inches. ™%\ M Acre, b || On 1 Acre. [0 S0

0006901  4-41 993 6,355 619 | 39,622
0-013802) 883 1987 | 1,720 1238 | 79,245
0027604 17-66 3976 | 25,440 || 2576 |158,491
0041406 2650 59-62 | 38,160 {| 3714 |237,736
0-055208, 35-33 || 7950 | 50,880 || 4952 |316,982
10 0069011} 4416 ; 9937 | 63,600 | 6190 ] 396,228

GO b 0D = 7

All other quantities in the same proportion.

Thirty inches of rain annually give 677,500 gallons per acre. One inch of
rain delivers 4676 gallons on cvery square yard, or 22,633 gallons on each
square acre. In estimating the annual yield of water from rainfall, and the
yield at any one time, we ought to know

The greatest annual rainfall,

The least,

The average,

The period of the year when it falls, and

The length of the rainless season.
It must also be remembered that the amount of rainfall differs very greatly
even in places near together.

Springs, Rivers.—It will often be a matter of great importance to de-
termine the yield of springs and small rivers, as a body of men may have to
be placed for a longer and shorter time in a particular spot, and no engineering
opinion, perhaps, can be obtained.

A spring is measured most easily, by roceiving the water into a vessel of
known capacity, and timing the rate of filling. The spring should be opened
up if necessary, and the vessel should be of large size. The vessel may be
measured either by filling it first by means of a known (pint or gallon)
measure, or by gauging it. If it be reund or square, its capacity can be at
once known by measuring it, and using the rules laid down in the chapter

* 9 aquare feet = 1 square yand. t Manual of Hydrology; p. 61.
4840 square yards = 1 nquare acre,
840 square acres == 1 square mile.
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for measuring the eubic amount of air in rooms. The capacity of the vessel
in cubic feet may be brought into gallons if desirable, by multiplying by
623, If a tub or cask only be procurable, and if there is no pint or gallon
measure at hand, the following rules may be useful :—

1. The Excise method of gauging a round guile-fon—Take cross diameters
of the tun in the middle of every 10 inches, from th&bottom upwards ; i.e.,
meagsure the first diameters at 5 inches from the bottom, the second at 15,
the third at 25, &c. Take half the sum of each two for mean diameters,
Divide the square of the first mean diameter by 353-04, and multiply by 10 ;
the product is the contents of the lowest 10 inches. Find the contents of
each successive 10 inches in the same way, and add the whole together. The
result will give the contents in imperial gallons.

2. Rule applicable to the majority of casks,—Take the bung diameter, the
head dismeter, and the length of the cask. Square the bung diameter, and
multiply by 39. Square the head diameter, and multiply by 25. Add the
products together, and multiply by 26. Multiply result by the length of the
cask. Either multiplying this last number by 000031473, or dividing by
31773-244, will give the contents in imperial gallons.®

‘Where it is required to ascertain the yield of any small water-course with
some nicety, it is the practice of engineers to dam up the whole stream, and
convey the water by some artificial channel of known dimensions.

1. A wooden trough of a certain length, in which the depth of water and the
time which a float takes to pass from one end to the other is measured.

2. A sluice of known size, in which the difference of level of the water
above and below the sluice is measured.t

3. A weir formed by a plank set on edge, over which the water flows in a thin
sheet, and the difference of level is measured hetween the top of the plank and
the surface of the still water above. Then by means of a table the amount
of water delivered per minute is read off. The weir must be formed of very
thin board and he perfectly level; a plumb-line has generally to be used.}

The same object may, however, be attained with sufficient accuracy for the
purposes of the medical officer by selecting a portion of the stream where the
channel is pretty uniform for a length of, say not less than 12 or 15 yards,
and in the course of which there are no eddies. Take the breadth and the

* Nesbit's Practical Mensuration, 1859 (p. 809\

1 Discharge of water through a sluice.—Multiply breadth of opening by the height ; this
gives the area of the sluice.

Discharge = area, multiplied by five times the square root of head of waler in feet.—The head
of water is the difference of level of the water above and helow the dam, if the sluice be entirely
under the lower level ; or the height of the upper level above the centre of the opening of the
sluice be above the lower level.

3 Discharge of water over a weir 1 foot in length.—1If the weir is more or less than a foot,
:inulil;i'pl]y t})e :&ntityin the table opposite the given depth by the length of the weir in feet, or

ecimals of a foot.

Depth fallin Discha ' Depth fallin Dischar,
ovg, lnchu.‘ mlnm.m N ovei:'. lm:hou.g 'g:lnﬁe.m
¥y . .. 1:70 cubic feet. | %. . . 19-70 cubic feet,
1 482 =
884 3392
13+63 40-71
49-84 10522
5 80.45 & 15747
6 75'19 9 188-88
8456 150-22
161-78

'Thus, if the weir measure 1 foot, and the depth of water falling over be 2 inches, the delivery
is read at once, viz,, 1863 cubic feet, or 849 gallons per minute. If it be 4 feet, the number
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average depth in three or four places, to obtain the sectional area. Then,
dropping in a chip of wood, or other light object, notice how long it takes to
float a certain distance over the portion of channel chosen. From this can be
got the surface velocity per second, which is greater, of course, than the bottom
or the mean velocxty ake four-fifths of the surface velocity (being nearly
the proportion of medly to surface velocity), and multiply by the sectional
area. The result will be the yield of the stream per second.

It may sometimes be worth while, if labour be at hand, to remove some of
the irregularitics of the channel, or even to dig a new one across the neck of
a bend in the course of the stream.

The yield of a spring or small river should be determined several times,
and at different periods of the day.

Wells.—The yield of wells can only be known by pumping out the water
ag far as can be done, and noticing the length of time required for refilling.
In cases of copious flow of water, a steam-engine is necessary to make any
impression ; but, in other cases, pumping by hand or horse labour may be
sufficient perceptibly to depress the water, and then, if the quantity taken out
be measured, and the time taken for refilling the well be noted, an approxi-
mate estimate can he formed of the yield.

Sus-SecTioN I11.—PERMANENCE OF SUPPLY.

It is obvious that the permanence of the supply of a spring or small stream
may often be of the greatest moment in the case of an encampment, or in the
establishment of a permanent station. :

In the first place, evidence should, when available, be obtained. If no evi-
dence can be got, and if the amount and period of rain be not known, it is
almost impossible to arrive at any safe conclusion. The country which forms
the gathering-ground for the springs or rivers should be considered. If there
be an extensive background of hills, the springs towards the foot of the hills will
probably be permanent. In o flat country the permanency is doubtful, unless
there he some evidence from the temperature of the spring that the water
comes from some depth. In limestone regions, springs are often fed from
subterranean reservoirs, caused by the gradual solution of the rocks by the
water charged with carbonic acid ; and such springs are very permanent. In
the chalk districts there are few springs or streams, on account of the porosity
of the soil, unless at the point the level be considerably below that of the
country generally. The same may be said of the sandstone formations, both
old and new ; but deep wells in the sandstone often yield largely, as the per-
meable rocks form a vast reservoir. In the granitic and trap districts, small
streams are liable to great variations, unless fed from lakes ; springs are more
permanent when they exist, being perhaps fed from large collections or lochs.

SECTION 11
SuB-SecTioN I,—1. QuaLiTy AN® CoMPOBITION,

The medieal officor should next state the source of the supply, viz., rain,
snow, ice, springs, wells (shallow, deep, artesian), river; distillation. A few
words on the composition of water from these sources may be useful.

1. RaIN,

ing through the atmosphere, the rain hecomes highly aerated (from
3 to cubic cents per litre), the oxygen is found in larger proportions
than in atmospheric air, veaching from 32 per cent. to 38 of the total amount
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of gas. . Carbonic acfd constitutes about 24 to 3 per cent. of the total amount’
of gas. In addition, rain water dissolves or carries down many substances
met with in the air, and may contain small quantities of any or all of the
following substances :—
Carbonate of ammonia. @
Nitric acid, especially in summer (Binesu) ; and*
Nitrate of ammonia in stormy weather (Schonbein).
{ when passing through the air of coal-burning
Sulphurous acid, cities. The rain water is then distinetly acid.
Sulphuric acid, Alsothrough the air of certain manufacturing places,
\ as Swansea (copper works).

Lo free in moist sea air and in the neighbourhood of
Phosphoric acid,* { - . .
oot certain manufactories, especially carbonate of soda
Hydrochloric acid, ) 3. y

Sulphuretted hydrogen, free or combined (Marchand).

Chloride of sodium, which may even amount to as much as 0-02 grammes
per litre, or 1-4 grains per gallon,* but is generally in much smaller
quantity.

Chloride of potassium and calcium in traces.

Carbonate of lime which may amount to 0-007 grammes per litre, or 049
grains per gallon.}

Sulphate of lime which may reach 0'005 grammes per litre, or 0'36
grains per gallon, or even more.

Iron, alumina, silica, phosphate of lime, carbon, pollen of flowers, &c.,
carried down mechanically.

A trace of nitrogenous organic matter is very common, and has amounted
to as much as 0-008 grammes per litre, or 056 grains per gallon (Bertels) ;
but in this case it cannot but be suspected that the receiving surface or pipes
must have been the source, In Manchester, Angus Smith found 0-34 grains
in 100,000 grains of rain. Nitrate of silver receives a red tint from the
organic matter, and a precipitate falls which contains silver (Robinet).

The total amount of solids (the mean of the analyses of five observers
being taken),§ contained in rain water is 0°032 grammes per litre, or 2:24
graing per gallon, The largest amount recorded is 0°0509 grammes per litre,
or 3'b grains per gallon.

Todine and Bromine do not appear to be constituents, as stated by Chatin,
or are very uncommon. (Luca.)

Occasjonslly rain water contains microscopic plants of the lowest order, such
as the Protococcus pluvialis,]| a protophyte which, like most of its order,
decomposes carbonic acid, and liberates oxygen.

Rain collected in the country is purer than that collected in towns; it con-
tains much less ammonia and much less sulphurous acid. In Paris, Boussin-
gault found per litre 0°003 grammes of ammonia, and Bineau in Lyons found
10 less than 003 grammes per litre, or 2'1 grains per gallon.

"Rain also often becomes very impure from taking up substances from the
reoeiving surface on which it falls, and it also often carries down portions of
leaves, &c., into the pipes and reservoirs, which slowly dissolve in it

Disadvantages aﬁdp advantages of Rain as a Source of Supply.—The 1

* Barnl, ““Chemiesl News,” Destiaber 1860, p. 310.
1 Meyrac quoted by ‘Moleachott, Phys. der Nahrungsmittel, 2d edition, p. 203.
Bertals, ihid,

Brandes, Bertels, Barral, Marchand, and Filhol. Quoted by Moleschott, Phys. des
N ittel, 24 edition, p. 208,
} Carpenter on the Microscope, 8d edition, p. 258,
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tainty of the rainfall from year to year, the length of wre ury season in many
countries, and the large size of the reservoirs which are then required, are dis-
advantages. On the other hand, its purity and its great aeration make it
both healthy and pleasant., The greatest benefits have resulted in many cases
7 ing or well wiker, Which. ars ofi. nggly imprognsiod with neiny
spring or w #ter, which are of y imy with earth
salts, In all places where the spring or well water is thus bad, asinthz
neutral ground at Gibraltar, rain water should be substituted. So also it has
been suggested that in outbreaks of cholera anywhere, the rain water is less
likely to become contaminated with sewage matters than wells or springs,
into which organic matters often find their way in an unaccountable manner.

2. ICE AND SNOW WATER.

In freezing water becomes much purer, losing a large portion, sometimes
the whole, of its saline contents. Even carbonate and sulphate of lime are
thus got rid of. The air is at the same time expelled. Ice water is thus
tolerably pure, but heavy and non-aerated. Snow water contains the salts of
rein water with the exception of rather less ammonia. Chatin (whose ex-
periments are doubtful) found only one-tenth the quantity of iodine. The
amount of carbonic acid and air is very small.

There has long been an opinion that snow water is unwholesome, but this
is based on no reliable observations. In Northern Europe, however, the poorer
classes have the habit of taking the snow lying about their dwellings, and as
this is often highly impure with substances thrown out from the house, this
water may be unwholesome. It has been conjectured that the spread of
cholera in the Russian winter in 1832, was owing to the use of such snow
water contaminated by excretions,

3. bEW

Has occasionally been a source of supply to travellers in sterile regions
in South Africa and Australia, or on board ship. It is best collected by ex-

posing large surfaces of wool, and wringing out frequently. Life may be
thus supported.

4. SPRING, WELL, AND RIVER WATER. .

The rain falling on the ground partly evaporates, partly runs off, and partly
sinks in. The relative amounts vary with configuration and density of the
ground, and with the circumstances impeding or favouring evaporation, such
a8 temperature, movement of air, &c. In the magnesian limestone districts,
about 20 per cent. penetrates; in the new red sandstone (Triassic), 25 per
cent. ; in the chalk, 42; in the loose tertiary sand, 90 to 96.

Penetrating into the ground, the water absorbs a large proportion of car-
bonic acid from the air in the interstices of the soil, which is much richer:
(250 Mm CO, than the air above. It then passes more or less deeply
into h, and dissolves everything it meets with which can be taken up
in the time, at the temperature and by the aid of carbonic acid. In some
sandy soils there is a deficiency of CO,, and then the water is also wanting in
this gas, and the water is not fresh and sparkling.

* These are given iy detail by G. Bischoff, * Chemical and Physical Geology * (Cavendish
Soclety's edit.), 1854, vol. 1. p. &, et aeg. ; and in “ Watt's Dictionary of Chemistry ;" Article,
Chemsstry nf Geology, by Dr Paul.
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The chemioal chafes and decompositions which oceur in the soil by the
action of carbonic acid, and which are probably influenced by diffusion, and
perhaps pressure, ss well as by temperature, are extremely curious,* bat
cannot be entered upon here. The most common and simple are the solution
of carbonate of lime, and the decomposition of silicate of lime and soda by
carbonic acid, or alkaline carbonates. Salts of ammonia also, when they exist,
appear from Dietrich’s observations to have a considerable dissolving effect on
the silicates.

The general result of solution and decomposition is that the water of springs
and rivers often contains a great number of constituents—some in very small,
others in great amount, Some waters are so highly charged as to be termed mine-
ral waters, and to be unfit for drinking, except as medicines. The impurities of
water are not so much influenced by the depth of the spring as hy the strata it
passes through., The water of a surface spring, or of the deepest artesian well,
may be pure or impure. The temperature of the water also varies, and is chiefly
regulated by the depth. The temperature of shallow springs alters with the
season ; that of deeper springs is often that of the yearly mean. In very
deep springs, as in some artesian wells, the temperature of the water is high.

The chief constituents of water, which are important in a hygienic point
of view, are as follows :—

Suspended Muatters.

They may be mineral, vegetable, or animal, and may consist of extremely
finely divided silica, clay, chalk, chalky marl, or ferruginous soil, or of the
debris of organic matter, vegetable or animal. Carbonate of magnesia is also
sometimes present. There may be also growing plants of various kinds.

The clay and chalky marl is sometimes so finely levigated that it will not
subside, and even passage through a sand or charcoal filter will not clear it.
The addition of alum (6 grains to the gallon), and allowing the water to stand
for twelve hours will often remove this condition. Chalk and sandy suspended
matters deposit more easily, and are easily separated by filtration. Suspended
vegetable matter subsides slowly, but is readily got rid of by filtration.
Animal matter, especially when derived from sewage, is in a state of fine sus-
Ppension, often tinges the water dark, has odour, and can be readily separated
by filtration, .

The following table from Gustav Bischofl shows the amount of suspended
matters in the water of some of the great rivers :—

SUBSTANCES SUSPENDED IN RIVER WATER.
Amount suspended differs at different times.

In 100,000 parts.

Rhine, . . . . . 173 to 20.
Danube, . . . 9237
Elbe, . . . . . 0891

Mississippi (annual mean), . . 8032 to 53-82 W

Ganges—From March to June, . . 2171
' » dJune to October, . 194-30
" 5y October to March, . 4486
Mean, . . . B6-86

(Total annual discharge of the Ganges, 6,368,077,440
cubic feet of mineral matter. This gives 172 square
miles 1 foot thick.)
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COMPOSITION OF SUSPENDED MAT
Per cent. of Suspended Solids,

Rhine. Danube,
Silica, . . . . b763 4502
Alumina, . . . 1076 783
Peroxide iron, . . . 14:42 916

» mang., . . trace

Lime, . . . . 273 0:34
Magnesia, . . . 024 e 042
Potash, . . . 089
Ca0 CO,, . . . 2408
MgO CO,, . . . 632
FeO CO,, . .
Organic matter, . . 2-25
Loss by ignition, . . 964 4:58
Loss, . . . 331 1-66

Dissolrved Constituents.

1. Qaseous.—Atmospherie air and carbonic acid are contained in most
waters. The “ hrisk” and pleasant taste of spring water, especially from the
chalk districts, is owing to the latter. The total amount of O and N may be
as high as 7 or 8 cubic inches per gallon. The relative amounts of the #wo
gases vary greatly,. The O may be as 1 to 2, or in much less amount.
The amount of free CO, is often from 2 to 17 or 18 cubic inches per
gallon, and on standing in a long glass, bubbles of gas appear on the
sides. River water usually contains much less, and many springs, especially
if derived from a granitic district, contain very little. The carbonic acid may
be derived from the carbonic acid of the air or soil, or may be produced in
water by gradual oxidation of organic matter.* In such a case the O lessens
in a corresponding degree.

‘Water containing much CO, is always pleasant and piquant ; whether the
gas has any other beneficial effect is doubtful. The air in water also contri-
butes to the agreeableness of the taste, and airless water (like distilled water)
is disagrecable to some people, and appears to be absorbed with greater difficulty.

Hydro-sulphuric acid, when found in drinking water, has usually resulted
from the decomposition of sulphates of soda or lime by contact with organic
matter, such as vegetable debris, or even particles of cork.

Carburetted hydrogen appears to arise from slow decomposition of vegetable
matter under restricted access of air. Some waters purify themselves on
standing by giving out these gases, and after becoming very offensive, again
become sweet, like the Thames water when carried on voyages.

2. Organic Mautters.—These are vegetable or animal. Almost all water
contains some organic matter derived from the soil. The purest water from
granitic or clay-slate districts contains from 0°3 to 0°7 grains per gallon ; the
purest chalk water contains from 0'3 to 1 apd 1'5 grains per gallon.
sandstong waters usually contain more. I?t.he water has permeated rich
vegetable soil, it will contain a very large amount of organic matter, as much
as 12 to 30 grains per gallon, and the water is then often of a yellowish or
brownish tint. Water from peat often contains a large amount, and the tint
i8 here also brownish. -

In water from marshes the organic motter varies from 10 or 12 grains to
50 or 100 per gallon, or possibly in some cases more. Suspended organic

Miller's Elements of Chemistry, part ii. p. 53. 1860
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matter is also commo® This organic matter is said 1o be nitrogenous, and is
sometimes called * vegetable albumen.” And indeed it seems probable that
a nitrogenous vegetable matter is not uncommon in waters,

In most of these cases the organic matter is of vegetable origin, and con-
sists of humin and ulmin, and of acids derived from humus, such as the crenic
acid (C,,H,,0,, + 3HO), which on exposure becomes aprocrenic acid (C,H,)
0, + 470}, ulmic acid (C,H,0,), humic acid (C,H,0,), and geic acid
(C,,H,;0,). All these acids are non-nitrogenous (Mulder), but combine
eagerly with ammonia,

In waters which enter into the list of mineral waters, other substances are
found—the so-called Glairine or the Zoogene, whicharenitrogenous substances,*

Organic matter of animal origin, and containing nitrogen, sometimes passes
into water, and is then usually derived from the habitations or works of men,
or from decomposing animals living in or accidentally passing into waten
The contents of cesspools or sewers drain into springs, or ure condueted into
rivers, or the water perneates through seil impregnated more or less with
these things.  The exact composition of the organie matter has not been de-
termined ; urea would necessarily soon pass into carbonate of ammonia, and
the other organic matters of the urine are not very stuble.  Nitrogenous,
fwecal, and biliary matters are probably less casily decomposed, and these
possibly give a large amount of the animal erganic matter.  But in addition,
degomposed flesh and other animal matters from butchers” shops and slaughter-
hiouses, and from dust-heaps and lay-stalls ; substances from tripe-houses and
gut-spinners ; from size, horn, and isinglass manufactories, and from similar
trades, often pass into well and spring water. '

Almost all these substances in decomposing produce both nitrows and nitrie
acid and ammonia, and such waters are often rieh in nitrites and nitrates,

Most of these animal substances give no taste or smell to the water unless
ammonia is found in great guantities, which is seldom the ecase, or sulphuretted
hydrogen. A water may contain as much as twenty, or even thitty, gmins
per gallon, and be considered good by those who drink it.  In those who are
unaccustomed to it, or in all; apparently, under certain conditions of decom-
pusition, such as high temperature, water of this kind produces dinrrhoal,
and even choleraic symptoms, and there is some evidenee to show that it pre
disposes to true cholera, as will be presently noted.  Possibly the organie
matter may, under certain conditions, commence to undergo fermentative
changes, and then becomes suddenly poisonous; but it seems likely that the
perfectly dissolved animal organic matter is not guite so injurious as that
which is merely suspended.

In addition to these illddefined substances, certain fatty acids have heen
detected in drinking water—rviz., butyric, formie, propionie, caproic, and acetie.

In a case recorded hy Kraut, the water came from a marsh, and volatile
fatty acids were formed on standing.

Scheweizer} detected butyric acid in the water of a well, which was in part
fed hy the water of » trench many hundred feet distant, which wax full of
animal and vegetable debris.  This water could not be wsed by men or ani.
mals, and contained no less than 15 grammes per litre or 105 graius per
gallon of butyrate of lime.

* Zoogene is a sort of gelatinous substance which haa Leen noticed an the uuneral waters of
Baden, Ischia, and Plombiéres.  (Hairine or baregine is a somew hat sinalar substanes found in
the sulphurous waters of the Pyrences, The “ sulfuraire,” a confervoid wrowth, is nlso found
in this water, and hax been confounded with the glairine,

]0& Hch2e‘|)w and Kraut, Aunalend. Cheni. und Phavm. 16560 Bund 90, p. 2570 ad RBand
, p. 29.

1 Oesterlen’s Zeitsehrift fir Hagiene: vl 1. p. 166,
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1t seems probable that this kind of contamination is more common than is
supposed ; und as the fatly acids are sometimes very irritating, even in small
amount, their rapid formation may also occasionally lead to those symptoms
of bilious vomiting and diarrheea which water containing organic matter secms
somotimes suddenly to produce, although it may have been used for some
time before with impunity. DBut nothing certain is known on this poins.

Animal organic matter is also derived from graveyards ; the exact nature of
the substance is here also unknown. 1t may be partly nitrogenous (since
nitrous and nitric acid and ammonia are readily formed) and partly fatty. The
injurions cffect of water thus impregnated in causing diarrhea and dysentery
seems pretty well established.  The detection of, and purification from, organie
matter are afterwards given.  The amount of organic matter in different kinds
of water can be seen from the following table, containing a few analyses made
by different observers ; many of them are by Dr Dundas Thomson and Dr
Letheby, and are merely cited to show the usual range of organie impurity :—

C ) | Amount of Organic
Water. -Place supplied to. Whence derived, and formation, 1 matters in grains
i

per gallon.

| Glasgow, . . . Loch Katrine—Primitive, 0-82
" (Chatham, . . . Chalk, . . . . 05
l Millstone grit, brought)
| Liverpool, . ‘ .« by pipe 24 miles long >’ 1.21
‘ ltu Liverpool, '
\ Millstone grit, red sand- )
| Manchester, . . .| stone, and surface drain- - ' 1-253
age, . . t
Watford, . . .1 Chalk, . . . . 126
Farmham, . . .| Tertiary sands, . L 17
Aberdeen, . . .| Primitive rocks, . - 182
New River, . .| Chalk, chietly, . Lo 19 to 27
Thames—at Thames Ditton,| Chalk and clay districts, &, 2-29
w —at London Bridge 2
(in 1861), " “ 37
(in 1863), i
Some shallow Lendon Wells “
(Lotheby in 1861)— ; l
. . Surface, gravel, &e., )| ..
Bishopsgate Street, . \ lying m'ergLn mmdon clay, } i 04
Aldgate, . . . - " ‘ 71
Bride Lane, . - , ‘ 8
Little Britain Street, " - ’ 82
Honey Lane Market, " " 21
suildhall Buildings, - “ j 2:
Glover's Lane Court, " IR : 15
Chatham wellwater (1861), { e o regunted | 5
» A4 ” i1} " ¢ 9'2
Brighton well - water,* | . 1 1752
Northern well (1862), | " ” ‘
Southern well, . . ” » 832
Norwich well-water, .| Near a churchyard, . 1037+

* Dundas Thomson. ““ Lancet.” Oct. 11. 1862
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3. Mineral Substances.—An immense number of mineral substances are
found in water. Omitting, however, all the rarer substances, which are found
in extremely small quantity, and putting on one side the waters in which
saline matters are in so great abundance as to constitute mineral waters, we
find the most common constituents of drinking water to be lime, magnesia,
soda, potassa, ammonia, iron, chlorine, sulphuric acid, corbonic acid, phos-
phoric acid, nitric acid, silicic acid.

More infrequently, or in special circumstances, aluming, manganese, arsenie,
and nitrous acid are found.

The mode of combination of these substances is yet uncertain ; it may be
that the acids and bases are cqually distributed among each other, or some
other modes of combination may he in play. The mode of combination is
usnally assumed to be as follows.¥ The chemist determines the amount of each
separate substance, and then caleulates the combination as follows, The chlovine
is combined with sodium ; if there is an excess, it is combined with potassium
or calcium ; if there is an excess of soda, it is combined with sulphuric acid,
or, if still in excess, with carbonic acid. Lime is combined with excess of
chlorine or sulphuric acid, or if there be no sulphurie acid or an oxcess of
lime, with carbonic aci.  Magnesia is combined with carbonic avid.  So that
the most usual comhinations are chloride of sodium, sulphate of soda, car-
bonate of soda, carbonate of lime (held in solution by carbonic acid), sulphate
of lime, chloride and silicate of calcium, and carbonate of magnesia.  But
the results of the analysis may render other combinations necessary.

Sts-Secrion IT,—SeMymany oF DrINkING WaTERS,

As the composition is so various, it is impossible to give any good elassifi-
cation of drinking waters; the divisions of mineral waters wsually employed
are of little use for our purpose. It may be desirable, however, to give a
general summary of the characters of some of the most typical kinds.

1. The Granitie, Metumorphie, Trap Rock, and Cluy-Slate Waters, —
Generally the granitic water is very pure, often not containing mwore than two
to six grains per gallon of small quantities of carbonate of soda, chloride of
sodium, and a little lime and magnesia.  The organic matter is in very small
amount. The clay-slate water is generally very pure, often not containing
more than from three to four grains per gallon,

2. The Millstone-Grit Water (und from hard Oolites).—Like the granitic
water this is very pure, often not containing more than four to eight grains per
gallon of mineral matters, which consist of a little sulphate and carhonate of
lime and magnesia; a truce of iron.

3. Soft Sand-Rock Waters—These are of variable composition, but as a rule
are impure, containing much chloride of sodium, curhonate of soda, sulphate of
soda, iron, and a little lime and 1agnesia, amounting altogether to from thirty
to eighty grains per gallon. The organic matter may be in large amount, — four
to eight grains per gallon, or even more.  Bometimes these waters are tolerahly
pure, or wells or springs, within a short distance, may vary considerably in
composition.

4. The Loovse-Sand and Gravel Waters.—1In this case there is also a great
variety of composition. Sometimes the water is very pure, as in the case of

* Fresenius, Quantitative Anal. 3d edit. p. 481,
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the Farnham waters, and in some of the waters from the greensand, where
the total solids are not more than from four to eight grains per gallon, and con-
wist of a little carbonate, sulphate, and silicate of lime ; carbonate of magnesia,
chlorides of sodium and potassium ; sulphates of soda and potassa, iron, and
organic matter. The last is sometimes in some amount, viz., '8 to 1'8 grains per
gallon.  In tolerably pure gravels, not near towns, the water is often very free
from impurity. In the case of many sands, however, which are rich in salts
the water is impure, the solid contents amounting sometimes to fifty or seventy
grains per gallon, or more, and consisting of chloride of sodium, carbonate of
soda, sulphate of soda, with lime and magnesian salts, These waters are often
alkaline, and contain a good deal of organic matter.  The water from the sands
in the “ Landes” (Southern France) contains enough organic matter to give ague,

B, Waters from the Ling Cluys vary in composition, hut are often impure;
as much as 217 grains per gallon of mineral matters have been found. No
less o quantity than 88 grains of sulphate of lime, and 41-8 of sulphate of
magnesia, existed in a water examined by Vocleker,

6. The Chall: Wutrrs.—-The pure, typical carhbonate of lime water from the
chalk is very sparkling and clear, highly charged with carbonie acid, and con-
tains from 7 to 20 grains per gallon of carbonate of lime, a little carbonate of
magnesia and chloride of sodium—small and immaterial quantities of iron,
silica, potassa, nitrie, and phosphorie acid.  Sulphurie acid in combination is
gometimes present in variable amount ; organic matter is usually in small
amount.  This is a good, wholesome, and pleasant water. Tt is hard, but
softens greatly by boiling.®
T. The Limestone and Magnesion Limestone Waters—These are also clear,
sparkling waters of agreeable taste.  They ditfer from the chalk in containing
usnally more sulphate of lime (4 to 12 grains, or even more) and less car-
bonate, and, in the ease of the dolowitie distriets, much sulphate and carbonate
of magnesin.  Organic matter s usually in small amount.  They are not so
wholesome as the chalk waters; and in some cases produce goitre.  They are
hard, and soften less on boiling.

8. The Selenitie Waters—Water charged with sulphate of lime (6 to 20
graing, or even more) may oceur in a variety of cases, but it may sometimes
come from selenitie rocks. 1t is an unwholesome water, and in many persons
produces dyspepsia and constipation, alternating with diarrhoa, It 1s hard,
softens little on boiling, and is not good for cooking or washing,

9. Clay Wuters—\Nery few springs exist in the stiff clay ; the water is
chicfly surface, and falls soom into rivers; it varies greatly in composition,
and it often contains much suspended matter but few dissolved constituents,
chiefly lime and soda salts,

10, Alluriad Waters—(Alluvian is usuadly a mixture of sand and clay).
Generally impure, with earbonate of lime, sulphates of lime, sulphate of mag-
nesin, chloride of sodium, carbonate of soda, iron, silica, and often much
organic matter.  The amount of solids per gallon varies from 20 to 120 grains,
Or even more,

11. Surfuce and Subsoil Water—Very variable in composition, but often
very impure, and always to be regarded with suspicion. Heaths and moors,
on primitive rocks, or hard wmillstone grit, may supply a pure water which
may, however, be sometimes slightly coloured with vegetable matter.  Culti-
vated lands, with rich manured soils, give a water containing often both organic

* Rometimes the water drawn fromn the upper part of the chalk is really derived from ter-
tiary sand lyiug above the chalk, The water contains less carbonate of lime, and more car-
bouate of soda and chloride of sodiwm, and may be alkaline.
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matter and salts in large quantity. Some soils contain nitrates of potash,
soda, and magnesis, and give up these salts in large quantity to water.
This is the case in several parts of India; at Aden, and at Nassick in the
Deccan (Haines). In towns, and among the habitations of men, the surface-
water and the shallow well-water often contain large quantities of nitrites
and nitrates, sulphates and phosphates of lime and sods, and chloride of
sodium. The nitrates in this case probably arise from ammonia; nitrite
of ammonia being first formed, which dissolves large quantities of lime.
Organic matter exists often in large amount, and slowly oxidizes, forming
nitrous acid and ammonia. In some cases butyric acid, which often unites
with lime, is also formed.

12. Marsh Water.—This always contains a large amount of vegetable
organic matter ; from 12 to 40 and 50 grains is not uncommon, and in some
cases therc is more. Suspended organic matter is also common. The salts are
variable. A little lime and soda, in combination with carbonic and sulphuric
acids and chlorine, are the most usual. Of course, if the marsh is a salt one,
the mineral constituents of sea-water are present in varying proportions.

13. Water from Grave-yurds.—Nitrites and nitrates of ammonia, and lime,
and sometimes fatty acids, and much organic matter.

14. Wuters flowing from fuactories may contain a great number of mineral
and organic substances, including arsenic from calico-printing.

Artesian Well Water.—The composition varies greatly. In some cases the
water is so highly charged with saline matter as to be undrinkable ; the water
of the artesian well at Grenelle contains enough carbonate of soda and potash
to make it alkaline ; in some cases the water contains iron in some amount ;
in other cases, especially when drawn from the lower part of the chalk, or
the greensand below it, it is tolerably pure. Its temperature is usually high
in proportion to the depth of the well. The aeration of the water is often
moderate. These last two points rather militate against the employment of
water from very deep wells. The total solid constituents of some artesian
wells is as follows :—*

Depth. Grains per Gallon,
Grenelle, . . 1797 10
Perpignan, . . 557 11
Rheims, . . . 101 20-8
Nordmarkt, in Amsterdam, 201 99-4

River Water.

Fed from a variety of sources, river water is even more complex in its
constitution than spring water ; it is also more influenced by the season, and
by. circumstances connected with season, such as the melting of snow or ice,
rains and floods, &c. The water taken on opposite sides of the same river
has been found to differ slightly in composition.

Comparative Value of Spring, River, and Well Water as Sources of Supply.

This depends on so many circumstances, that little can be said. Spring
water is bot.;h pure and impure in different cases; and the mere fact of its
being a spring is not, as sometimes imagined, a test of goodness. Frequently,
indeed, river water is purer than spring water, especially from the deposit of
carbonate of lime ; organic matter is, however, generally in greater quantity,

* Moleschott, Nahrungsmittel, 1860, p, 280.
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as 50 much more vegetable matter and animal excreta find their way into it.
The water of a river may have a very different constitution from that of the
springs near its banks, A good example is given by the Ouse, at York ; the
water of this river is derived chiefly from the millstone grit which feeds the
Swale, the Ure, and the Nid, tributaries of the Ouse; the water contains
only 9 grains per gallon of salts of lime, magnesia, soda, and a little iron.
The wells in the neighbourhood pass down into the soft new red sandstone
which lics below the millstone grit; the water contains as much as 6496
grains, and even, in one case, 96 grains per gallon ; in addition to the usual
salts there is much chloride of calcium, nitrates of lime, soda, and magnesia.
Shallow well water is always to be viewed with suspicion ; it is the natural
point to which the drainage of a good deal of surrounding land tends, and
heavy rains will often wash many substances into it.

Distilled Water.

This is now very largely used at sea, and it affords an easy way of
gotting good water from sea or brackish water. Almost any form of ap-
paratus will suffice, if fuel can be procured, to obtain enough water to sup-
port life, and if even the simplest appliances are not attainable, the mere
suspension of clean woollen clothing over hoiling water will enable a large
quantity to be collected. At sea, salt water is sometimes mixed with it
from the priming of the hoilers, and occasionally from decomposition of the
chloride of magnesium (probably), a little free hydrochloric acid passes off.
This can, if necessary, be neutralised by carbonate of soda.

As distilled water is nearly free from air, and is therefore unpalatable to
some persons, and it is supposed indigestible, it may be acrated by allowing
it to run through a cask, the bottom of which is pierced with fine holes, so
as to expose the water to the air. A special apparatus for aerating the water
distilled from sea water has been invented by the late Dr Normandy, and is
in common use, Organic matter, at first offensive to taste and smell in dis-
tilled water, can be got rid of by passing through a charcoal filter, or by keep-
ing three or four days.

Care should be taken that no lead finds its way into the distilled water.
Many cases of lead-poisoning have occurred on board ships, partly from the
use of minium in the apparatus, and partly from the use of zine pipes con-
taining lead in their composition.

Sup-SEcTioN I11.—UsvaL Sounrces oF CoNTAMINATION oF WATER, AND
SANITARY PRECAUTIONS.

In examining any water, it is necessary to consider whether, in any way,
some spocial cause of impurity has been in operation.

Rain water becomes contaminated by falling through a foul atmosphere ;
also, by carrying away docaying leaves or other matters from roofs of houses ;
it dissolves also lead from lead coatings and pipes, and takes up enough zine
from zine roofs to be injurious. (Tardiew, Qict. & Hygicne, t. 11, p. 25.)

Rivers may be rendered temporarily impure by heavy rain and floods
bringing soils and vegetable debris from higlier regions, or by irruptions of
the sea, or by the overflow of marsh waters. Shallow wells and springs are
also sometimes altered in composjtion by the same causes, and, if situated
near the sea, may be, in dry seasons, rendered brackish by the pressure
og_ thedsalt water into the land. Deep springs and wells are, of course, less
affected. s

The most common sources of contamination are found, however, in the
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habitations and trades of men. Shallow wells are extremely apt to be con-
taminated by floods carrying in surface impurities; and by sewage soaking
from cesspits, and by matters of all kinds thrown out on the ground. To a
certain extent, the soil through which these substances pass will filter and
purify them, but it must eventually lose this power, and also, at last, a com-
plete channel may be opened, and a stream of substance may suddenly find
its way into a well.

A wel] drains an extent of ground around it in the shape of an inverted
cone, which is in proportion to its own depth and the looseness of the soil ;
in very loose soils a well of 60 or 80 feet will drain a large area, perhaps as
much as 200 feet in diameter, or even more, but the exact amount is not, as
far as I know, precisely determined.

Certain trades pour their refuse water into rivers; gas-works; slaughter-
houses ; gut spinners; tripe-houses; size, horn, and isinglass manufactories ;
washhouses, starch-works, and calico printers, and many others.

Gases evolved from decomposing substances, or thrown out from manufac-
tories, are also absorbed by sheets of water, or are washed down into streams
or shallow wells by rain, and in this way, it is not improbable, suspended
organic substances are carried down.

In houses, it is astonishing how many instances occur of the water of butts,
cisterns, and tanks getting contaminated by leaking of pipes and other
rauses, such as the passage of sewer gas through overflow pipes, &e.

As there is now no doubt that typhoid fever, cholera, and dysentery may be
caused by water rendered impure by the cvacuations passed in those diseases,
and as simple diarrheea seems also to be largely caused by animal organic sus-
pension or solution, it is evident how necessary it is to be quick-sighted in
regard to the possible impurity of water from incidental causes of this
kind. Therefore all tanks and cisterns should be inspected regularly, and
any accidental source of impurity must be looked out for. Wells should be
covered ; a good coping put round to prevent substances being washed down ;
the distance from cesspits and dungheaps should he carefully noted ; no sewer
should be allowed to pass near a well. The same precautions should be taken
with springs. In the case of rivers we must consider if contamination can
result from the discharge of feecal matters, trade refuse, &ec.

Sus-SectioN IV,—(CHARACTERS OF GooD DRINKING WATER.

The general characters of good drinking water are these. It must be
trangparent, colourless, without odour, and tasteless ; it should be well aerated
(as it then appoars to be more easily absorbed), cool, and pleasant to drink ; it
must have no deposit ; vegetables should be readily cooked in it; the total
dissolved constituents must be within a certain amount. It is difficult, with-
out more evidence than we at present possess, to define this amount, and the
following numbers must be taken with some limitation :—

Organic matter should not exceed 15 grains per gallon,
1

Carbonate of lime, .- . 6 » ’
Sulphate of lime, . . 3 " .
Carbonate and sulphate of } 3

nlﬂgﬂesiﬂ, " "
Chloride of sodium, . . 10 ” "
Carhonate of soda, . . 20 ~ ,, "

Sulphate of soda, o 6
Lron. . . . . 0, -
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The proper amount of gases is stated by Boudet to be as follows :-—
Nitrogen, . 6 cubic inches per gallon.
Oxygen, . 2'5 ” ”
Free carbonicacid, 53 to 7 ,, ”

At the Sanitary Congress held at Brussels in 1853, it was decided that
the total amount of solids ought not to exceed 0'5 grammes per litre (= 35
grains per gallon), and the same rule had been previously laid down in the
¢ Annuaire des Eaux de la France pour 1851 ” (p. 14) ; but this statement is
of littlo use, as the salts differ so much in their effect on the system: the
carbonate of lime may exist without injury in large quantities ; the carbonate
of soda in still greater; but sulphate of lime or magnesia is prejudicial in
much smaller amounts. It must also be conceded that in some cases water

still more highly charged with salts, especially the alkaline salts, has bheen
used for many years without apparent injury.

SECTION ITI.
EXAMINATION OF WATER.

Procure as much of the water as possible ; if a thorough examination has
to be made, not less than one or even two gallons are necessary.

Sus-SectioN 1.—PHysicAL ExaMiNaTION.

Shake up the water. Place some of it in a long glass, and allow it to
stand for twenty-four hours to collect the sediment. Then note the follow-
ing points.

Colonr and Transparenry.—Turbidity which may be permanent is given
by finely divided clay, vegetable matter, chalk, and ferruginous sand.

Colour is given especially by peat, decomposing vegetation, animal
matters. The depth of the colour is no indication of the amount. The
water from farm-yards is often highly coloured, but sometimes contains little
organic matter.* It must be remembered that a large quantity of dissolved
organic matter may exist in a perfectly colourless water.

Taste.t—Although naturally much relied on, and useful if large quantities
of foreign substances are present, taste is not a good guide. Organic matter,
when dissolved, is often quite tasteless ; 55 grains of carbonate of soda and 70
of chloride of sodium per gallon are imperceptible ; 10 grains of carbonate of
lime give no taste; 25 grains of sulphate of lime very little; yet a per-
manently hard water, cspecially if alkaline salts are present, has sometimes a

® Voelcker says (Journal of the Royal Agricultural Society, No. 50), that samples of farm-
yard water which ‘“looked like the very essence of the manure heap,” were found on analysis
to contain very little organic maiter.
. T A papor in the Army Medical Report for 1862 b’Dr De Chaumont states very clearly the
limits of taste; they ave as follows :-—
Chloride of sodium is detected when it reaches 75 graing per gallon.
" potassinm, . . 20

; magnesinum, 50 to 55
Sulphate of lime, 25 to 30
Carbonate of lime . 10 to 12
Nitrate of liwe, 15 to 20
Carbonate of soda, . o0 tg 65
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peculiar fade or slightly saline taste, if the total salts amount to 35 to 40
grains per gallon, and the sulphate of lime reaches 6 or 8 grains. Iron is the
only substance in small quantity detected with great certainty by taste. That
a water is tasteless is, therefore, evidence only of freedom from very large im-
pregnation with salts and organic matter.

Smell detects sulphuretted hydrogen in very small quantities, and ammonia
if in large amount. Suspended or dissolved decomposing animal matters in
large quantity sometimes will give a feetid smell. 1f butyric or other fatty
acids have formed, the smell may be occasionally perceived when a stoppered
bottle in which the water has been kept for some weeks is opened.

Touch.—The only evidence derivable from this sense is in washing, hard
waters (containing the earthy salts) forming an imperfect lather with soap.
This point is generally, however, more precisely determined. So also in
cooking vegetables. Hard waters coat the vegetables with sults of lime, and
prevent the access of water.

If circumstances prevent any examination beyond the physical one, it
should be clearly understood and stated that the information is very limited,
and on no occasion should a water be affirmed to be good merely because it is
colourless, tasteless, and free from smell ; it should be merely stated that the
physical examination detects no impurity.

Sus-SectioN IIL.—Microscoric EXaMINATION.

After the water has stood for twenty-four hours, the sediment may be
examined, or if there be much animal or vegetable life, a drop can at once be
taken from the water. The larger animals can often be seen with the naked
eye, by attentively looking through the glass when placed opposite a bright
light.

In the sediment the chief microscopic appearances are—

1. Sand ; easily known by its angles, and its being unaffected by any
ont.

Clay and marl ; amorphous non-angular particles, not acted on by

re-agents.

. Chalk ; round and slightly angular particles, at once dissolved by
acids.

. Woody fibre ; when much broken up, very little is seen heyond dark
masses, sometimes rather fibrous-looking ; if less changed, and in
large masses, unequivocal woody fibre can be seen.

5. Portions of leaves; bits of the veins, with occasionally some of the
parenchyma, or dark masses without any distinguishing characters,
are seen. If starchy matters remain, iodine detects them.

6. Algm and confervoid growths are often seen even in tolerably pure
waters, and portions of different water plants,

7. In some cases remains of animals, portions of muscular tissue. In
waters contaminated with sewage, an * ochreous substance” has been
found by Hassall, and s considered to be altered muscular fibre
tinged with bile. Nitric acid brings out the pink tint,* according
to Hassall.

8, Infusoria.—The different kinds of paramecium are the most common,
and are found in water containing both animal and vegetable organic

O T

* A Microscopic Examination of the Water supplied to the Inhabitants of Lond By
Arthur Hill Hassall, M.D. 1850. P, 8. )
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Sediment from South-wing Well, Netley, drawn with the Camera lucida at the distance
of 10 inches from the centre of eye-picce to paper.

The presence of infusoria and animals of low type indicates the presence of organic
matter, animal or vegetable, and it is therefore important to note their presence ; but
it has not at present been shown that they are in themselves at all hurtful.

Through an inadvertence, the drawings of the common water-flea (Daphnia), and
the (yelops quadricornis, have been omitted from the plates, but there is scarcely any
popular microscopical work published in which drawings of these are not found.

aaa Actinophrys, Sol., early and complete stages, x 260.
b Supposed decomposing amwba-like expansions Gromio fluviatilis,
x 435.

+ Fragment of carbonate of lime, x 435.

d Navicula viridis, x 435.

¢ Grammatophora marina ! x 435.

J Supposed encysted stage of Euglena viridis, x 435.

¢ Pinnate conferva, x 780.

Ik Fragments of decaying vegetable matter, x G5.

1 Fragments of carbonaceous substance.

J Part of conferva filament, Confervo floccosa 7 showing the various

conditions of the protoplasm in the old and new cells, x 435.

L Part of leaf of Sphagnum or bog-moss, x 108,

{ Grammatophora marina, x 435,
m Minute spores with zoospores ! x 435.

n Diatoma hyalinum, x 435.

o Cell with dividing protoplasui, x 435.

» Oxytricha lingua, x 260.

q Rotifer vulgariy, small, x 108,

r Aunguillula fluviatilis, x 108,

s Peranema globosa, x 108,

t Statoblast of a fresh-water zcophyte ! x 108,

u Arthrodesmus incus, x 435.

v Minute Desmidin, Scenedesmus obtnsus, x 780,

w Oscillaria Ieevis, x 780, L

« Homeeocladia filiformis 1 x 435.

¥ Ankistrodesmus falcatus, x 433.

z Minute moving particles, x 436.—(1) Zoospores.

(To Binder—To face Plute 1.)
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.ydoment of Ditch Water, drawn with the Camera lucida al the distance of 10 inches
Jrom eye-piece to paper.

@ Decaying vegetable matter, cellular tissue, x 108.
b Pleurosigma formosum, before dividing, x 170.
¢ Oxytricha gibba, x 108.
d Amphileptus answer, x 170,
¢ Euglena viridis, x 285
f Supposed urceola of some rotifer, x 108,
g Surirella gemma, x 108,
L Do. do,  x 6.
1 Foraminifers, x 65.
j Trachleocerca linguifera, x 65.
I Small Planaria ! ovisacs distended, x G5.
! Navicula viridis, x 285.
m Paramecium aurelia, x 170.
n Coleps hirsutus, x 285.
o Pleuroncma crassa, x 285,
» Monura dulcis, x 170.
q Surirella splendida, x 170.
» Biddulphia pulchella, x 285,
s Surirella striatula, x 170.
t Rotifer, Monolabis conica ! x 104,
u Aregua, spore cases, X 285,
r Stertor ceruleus ! do. . x contracted, x 170,
w Trinema acious 7 x 170,
a Pinnularia grandis, x 170.
¥ Gyrosigma angulatum before dividing, x 170,
2 Alyscum saltans ? x 170.
an Synedra ulna, x 170.
bb Amphipora elata, x 285,
ec Gyrosigma Spencerii ,x 265.
di Nitzschia sigma, x 170,
¢ Brachionus angularis, x 170
Jf Young Vorticella 7 x 170.
g9 Gyrosigma fasciola, @85,
hh Trachelius strictus, x 285.
it Cocconema Boeckii, x 170.
1j Confervoid cell 7 with divided protoplasm, x 285.
L% Euplotes Charon, x 170,

(To Bindey—To face Plute 11,
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matter. The P. chrysalis is extremely common in the Thames
water (Hassall. Monads atd rotifers are sometimes seen, and
varieties of Actinophrys, Euglena viridis, &c.

9. Diatomaces in large numbers are found in some waters, and Hassall
has figured a great number in the Thames water. Gyrosigma hip-
pocampus, Nutzschia elongata, and species of Navicula are perhaps
most common, but there is a considerable variety.

10. Entomostraca.—The water flea (Daphnia pulex), and the Cyclops
quadricornis are the most common, and are found in most stagnant
waters. They are also found in some good waters, such as that of
Manchester, which in summer is quite full of the Daphnia. The
Cyclops also is constantly found in water which is otherwise con-
sidered good.

11. Annelids,—8Small worms are not infrequently found in stagnant
or marsh water, and sometimes in water contaminated with sewage.

The subjoined plates (kindly drawn for me by my friend Dr Maddox)
show all that was found in the sediment of the water drawn from one of the
wells at Netley, and the sediment of a ditch water, which may be taken to
represent the usual surface water. Hassall has published numerous plates of
the sediments in the water of the London companies, which can be referred
to.*

Sus-SectioNn 111.—1, CHEMIcAL EXAMINATION,

Army surgeons will often be in positions in which it is impossible to
make a thorough chemical examination, and indeed it is seldom, under any
circumstances, that they have complete facilities for so doing. But even
an imperfect examination can be made to give much valuable information.
The chemical analysis can go on at the same time with the physical and
microscopical examinations.

1. Qualitative Examination,

1. Reaction.—Take the reaction of the water before and after boiling. If
alkaline, it is probably so from carbonate of soda; if so, the brown colour
will not disappear from turmeric. If alkaline from ammonia, the browning
is fugitive, Carhonic acid may in large quantity give a slight acid reaction,
and then conceal an alkaline reaction. Boiling drives off the carbonic acid.

2. Organic Matter—Determine the presence, and form a rough guess at
the amount, of organic matter by boiling 6 ounces with a few drops of solution
of chloride of gold. In proportion to the amount of organic matter, the gold
is reduced, and forms a violet or almost black powder. If this is considerable,
the amount of organic matter is large. Or add to a pint of the water a
definite quantity of permanganate of potash (as subsequently directed), and
allow to stand. A test proposed by Fauré for vegetable albumen, viz., tannic
acid, or an alcoholic solution of gallic acid, is less certain.

3. Lime.—Tost with oxalate of ammonia. Six grains per gallon of a lime
salt give a turbidity with oxalate of ammonia; 16 grains, a considerable pre-
cipitate ; 30 grains, a very large precipitate. Even from this test, an idea can
be formed of the quantity of lime. ~ Boil the water briskly for thirty minutes ;
if carbonate of lime be present, it will be thrown down; filter, fill up to
original volume with water, and again test with oxalate of ammonia. As

® Op, Cff.
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only 2 grains per gallon of carbonate of lime can remain in salution after boil-
ing, a large precipitate will show that sulphate or chloride of lime is present.

4. Magnesia.—Filter the water from the oxalate of lime thrown down iu
3, evaporate to a very small bulk, filter again if there be any precipitate, and
add a few drops of chloride of ammonia and phosphate of soda, and a few
drops of ammonia. In twenty-four hours, if magnesia be present, crystals of
ammoniaco-magnesian phosphate are thrown down. ) )

5. Potash und Soda.—It is not often necessary to examine t}ns point,
but if it is wished to do so, the process is as follows +—Take a portion o_f t?xe
liquid from which lime has been thrown down ; evaporate to dryness, ignite
gently to drive off ammonia ; if magnesia is prescnt, it must he removed as
follows : Add baryta water, boil, filter ; add to filtrate carbonate of ammonia
and some caustic ammonia ; evaporate to dryness, adding some chloride of
ammonia during the process; cvaporate, ignite ;-then dissolve in a little
water, and divide into-two portions.

(a.) Test one portion with bichloride of platinum for potassa,

(b.) Test the other with antimonate of potassa for soda.

As this process is complex, and as potash is seldom present in large amount
in drinking water, it will be generlly sufticient to evaporate the water at once,
and see if it is alkaline ; if it is not, we may be sure no great amount of car-
bonate of soda is present.

6. Chlorine.—Add a few drops of dilute nitric acid, and then nitrate of
silver. Four grains per gallon of chloride of sodium give a turbidity ; 10
grains, a slight precipitate ; 20 grains, a considerable precipitate, A gucss can
thus be made at the amount,

7. Sulphuric Acid.—Add a few drops of dilute hydrochloric acid, and then
a few drops of chloride of barium. 1f no precipitate oceurs, let it stand for
twenty-four hours.

Sulphates to the amount of 1, or even 1}, grains per gallon give no
precipitate ; at first, or even on standing, 3 graius give a haze, and after a
time, a slight precipitate ; above this amount, the precipitate is pretty well
marked. If there is no precipitate, the presence of sulphates in small amount
(1 to 2 grains per gallon) is not excluded.

8. Phosphoric acid, by adding a little nitric acid, and then an excess of
molybdate of ammonia, and boiling.  If PO, is present, a yellow colour, and
in time a finely powdered yellow precipitate of phosphoric molybdate of
ammonia fulls, or a salt of magnesia, and liquor ammonia: may he added to
throw down the ammoniaco-magnesian phosphate ; or add a very little dilute
nitric acid, and an excess of acetate of soda, and then a drop of sesquichloride
of iron ; a yellow-white floceulent precipitate falls,  As phosphoric acid is in
small amount, the water must be concentrated.

9. Test for witric acid, by evaporating a pint to a very small bulk ; put in
a test tube ; add an equal bulk of pure sulphuric acid,* so that it may form a
layer under the water ; allow to cool ; and then drop in a crystal of sulphate
of iron, A dark olive-green or brown ring will form at the junction of the
two liquids if nitric acid be present.

Or after the water has been greatly concentrated, add a little sulphurie acid
and a drop or two of sulphuric acid and indigo, and warm ; the blue colour
will disappear if nitric acid be present.

Two tests have been lately proposed, which are perhaps still more delicate :

Brucine Test.—Dissolve 1 part of brucine in 1000 C.C. of distilled woter,

_* The sulphuric acid may he tested by brucine for nitrous acid, or by adding a particle of
bichromate of potash ; if nitrons arid be present, the green oxide nf chroninm is formed.
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Take 1 C.C. of this solution ; add 1 C.C. of the water, and then pour down
the glass very carefully 1 C.C. of pure sulphuric acid, so that it may form a
layer below the water. If nitrates are present, a zone of rose colour, which
turns yellow on its under surface, appears at the junction of the two liquids.
If the-water contains yydggth of NO,, the reaction is seen very decidedly.
(Kersting, “Chemical &ews,” October 1853.) The water used to dissolve
the brucine and the SO, must be pure. Commercial SO, generally con-
tains NO,.

Phenyl Test.—QOne part of phenyl is dissolved in 4 parts of pure con-
centrated sulphuric acid, and then diluted with 2 parts of distilled water.
The water to be examined is evaporated to dryness, and one or two drops of
phenyl-sulphuric acid are allowed to fall on it at a temperature of about 212°
Fahr. Nitrates, if present, are decomposed by the excess of SO, and the
nitric acid forms a reddish-brown compound with the phenyl. But if organic
matter, chlorides, iodides, and bromides are present, there may be a fallacy ;
a drop or two of strong ammonia is then added; the haloid compounds are
dissolved, and carbon, if present, appears in the form of small particles, not
interfering with the yellow colour of nitro-phenylate of ammonia. Sometimes
a green colour is produced instead of or mixed with the yellow. The test
will detect 000006 grains of NO, in a minute drop of water. (Sprengel,
“ Chem. Jour.,” November 1863, p. 369.)

10. Nitrous Acid.—Make iodide of potassium starch paste by taking 1
part of pure iodide of potassium, 20 parts of starch, and 500 parts of water.
Take a little of this, mix it with the water, and add a little dilute pure
sulphuric acid ; if nitrous acid be present, a blue colour will appear.

11. Ammonia—by Nessler's test—is prepared as follows: Take a solu-
tion of bichloride of mercury, and add solution of iodide of potassium till
the precipitate is almost redissolved, and then add liquor potasse:; ammonia
gives a brown precipitate of the composition (NHg, I+ 2HO). In 559 parts
by weight of this precipitate, there are 17 of ammonia. The water is warmed
and then added to the re-agent, and it is said that ‘0000005 grammes of
ammonia per litre can be thus detected.

12. Iron.—DBy red and yellow prussiate of potash, or by solution of tannin,
Prussian blue or black tannate of iron are thrown down,

13. Sulphuretted Hydrogen, by a salt of lead or by nitro-prusside
of sodium, which gives a beautiful purple colour. The best test is solu-
tion of oxide of lead in solution of soda, prepared by adding solution of
soda to acetate of lead, till the precipitate thrown down is dissolved ; add
some of this to a large quantity of water, and see if any discoloration can be
detected on the surface.

14, Leud.—Pass hydrosulphuric acid at once, or after evaporation through
the water. Collect the precipitate ; heat it on charcoal in blowpipe flame,
to get the metallic lead ; dissolve the lead globule in very weak nitric acid,
and add a drop of solution of iodide of potassium.

If the lead is in very small quantity, acidify at least half a gallon of the
water with acetic acid ; add a little acetate of ammuonia (to prevent the lead
precipitating as sulphate), evaporate to a small bulk, filter, and pass SH
through, Collect the sulphide of lead, and proceed as above.

Even by these simple qualitative tests a very fuir opinion may be formed
of the quality of a water, or at any rate, some guidance is given. In the
field a surgeon can easily carry dry oxalate of ammonia and chloride of
gold, and mako solutions when he wants them, gnd thus test for lime and
organic matter. If water does not deposit carbonate of lime on boiling, and
after boiling continues to give a large precipitate with oxalate of ammonia, the
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presence of sulphate or nitrate of lime or chloride of calcium in large quanti-
ties, and mot of carbonate of lime, may be inferred.

If to the qualitative tests the quantity of solids per gallon, and the hard-
ness of the water before and after boiling, can be determined, a very safe
opinion on the goodness of the water for drinking purposes can be given at
the cost of little time or labour.

1f, when a small quantity of permanganate of potash be added, the disco-
loration occurs very rapidly, the organic matter is more probably animal than
vegetable.

If a very large quantity of chlorine is present, the water is either con-
taminated with sea water, or with much sewage, or is drawn from strata very
rich in salts, as in the case of some sands. A lurge indication of nitric or
nitrous acid shows oxidation of animal matter.

2. Quantitative Determination.

There are three points which we may desire to determine, viz., the amount
of the suspended matters, of the gases, and of the substances dissolved in the
water.

(a.) Suspended Matters.—It is probably scldom that a medical officer will
desire to determine the quantity of suspended matters; still there are ocea-
sions when he may wish to do so.

Take a measured quantity of the water which holds in suspension a
fair average quantity of substance, and allow it to stand in a long glass ;
when it has thoroughly subsided, pour off us much as possible of the clear
water, the amount being known, and evaporate the whole of the rest to per-
fect dryness, carrying the heat to at least 260° Fahr.  Weigh; deduct
from the weight the amount in the quantity evaporated of the dissolved
matters (which is known by a subscquent operation): the remainder is the
amount of suspended matter.

Incinerate the dry suspended matter, recarbonate with solution of car
bonate of ammonia (as subsequently directed), dry thoroughly, and weigh.

The suspended matters are thus divided into mineral and organic. It ix
seldom necessary for our purposes to carry the analysis further ; but if it is
wished to do so, act on the residue with weak acid ; note whether there is
offervescence (carbonate of lime), and test for lime, magnesia, iron, &e. The
matter insoluble in acids will be sand and clay.

(b.) Determination of the Guses,—To determine all the gases, the easiest
mode is by ebullition ; a flask and curved tube are both filled with a known
quantity of the water, and the end of the curved tube opens under a graduated
measure filled with mercury. Heat is then applied, and the gases are driven
over. 'The total amount being read off, the carbonic acid is ahsorbed by a
little bit of caustic potash, which is passed into the tube; the amount is

in read off, and the oxygen is then absorbed by pyrogallic acid, or pyro-
gallate of potassium. The remaining gas is nitrogen. Corrections must be
made for temperature and pressure. (See Air.) Dy this process, the com-
bined, as well as the free, carbonic acid is obtained.

If this process cannot be adopted, it may gencrally be concluded that a
good quantity of oxygen will exist in the water if there is a good amount of
carbonic acid. This is approximately determined by the plan with the soap
test hereafter given, or if the water be merely allowed to stand in a long
glass, bubbles of carbonic agid gas will appear on the side of the glass,

+ Sulphuretted hydrogen is very readily determined. A solution of gth of
an equivalent of indine, viz, 6:344 grammes, ix dissolved in a litre of water,
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by the aid of a little iodide of potassium. Each cubic centimeter contains
,'006344 grammes I, and is equivalent to 0-00085 grammes of SH, or 0:0008
grammes of sulphur. Take one litre of water, add starch, and drop in the
solution of iodine from a burette till the blue tint is permanent. Multiply
the nuwnber of C.C. used by ‘00085, which will give grammes of SH per litre.
Multiply grammes of SH per litre by 70, to bring into grains per gallon, and
then by 27525, to bring into cubic inches per gallon.

(c.) Amount of Dissolved Matters—In a thorough chemical examination
of a water the amount of each ingredient is separately determined by the
balance, and the different bases and acids are then combined together, accord-
ing to some arbitrary rule, as that already given, or according to some indica-
tions which may arise during the analysis of the water. The total amount
of all the ingredients should agree very closely with the amount of the solids
determined by evaporation.

A chemical examination of this kind cannot be done under two days, and
often takes longer. A medical officer will seldom have a balance fine enough,
and all the other apparatus and materials for analysis. And yet, it is very
important he should come to some quantitative estimate of the most im-
portant dissolved ingredients.

After a good deal of consideration, I have come to the conclusion, that a
very good opinion of the hygienic qualities of a water can be given if (in addi-
tion to the physical, qualitative, and microscopical examinations) quantitative
determinations he made as follows :—

. Of the total solids,
. Of the organic matter.
. Of the chlorine, as this will indicate impregnation with sea water,
or sewage or brackish water, from any cause.
4. Of the carthy salts, hy means of the soap test, which determines
the so-called hardness of a water.
But, in case time or opportunity exist for a further examination, other pro-
cesses are given,

1. Determine Total Solide by Ervaporation.—Measure very carefully a pint
of the water, or weigh a certain quantity, and evaporate to dryness.  Com-
mence in a large evaporating dish, and, when dry, scrape the whole carefully
vut, and transfer into a small weighed platinum or poreelain crucible.  Wash
out the large dish carefully, so as to lose no trace.  Dry thoroughly in the
small dich, raising the heat to 270° Fahr. The hot-air bath is the best way
of drying, bat few army surgeons will possess this; the crucible may be
put in an oven by the side of a kitchen-range, or even in a baker’s oven,
though the heat is often too much for this. If this cannot be done, the
solids must be carefully dried by a spirit lamp, the heat being raised a good
deal, and yet not enough to blacken the organic matter. A good deal of care
i8 necessary here, and the operation should be repeated.

If chloride of magnesium is conjectured to exist, 30 grains of perfectly dry
and pure earbonate of soda should first be added to the water, and this weight
must be deducted from the total weight of the residue.

1t is of the greatest importance to perform this operation carefully.

The solids are expressed in this country as so many grains per gallon ; in
France, as grammes per litre.  If it be wished to convert the latter into the
former, a very nearly accurate result’is given hy multiplying by 70.*

3t b

® This number is obtained aa follows :-——There are 1000 %mmmos in a litre, therefore the
ratio of grammes to & litre is 1 to 1000 ; similarly there are 70,000 grains in & gallon, therefore”
the mtio of grains to 8 gallon ik 1 10 70,000, The one proportion 18 to the other as 1 to 70, s
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2. Determine the amount of Organic Matter.—There are two principal
modes of doing this, both of which should, if possible, be employed.

(a.) Take the total solids determined by evaporation, and incinerate at as
low a heat as possible, 50 as not to run much risk of decomposing chloride of
magnesium, if present. Then, as carbonate of lime will have been rendered
caustic by the heat, add a little solution of carbonic acid or carbonate of am-
monia, and heat gently to drive off excess. Do this several times ; then dry
thoroughly and weigh.

The difference between this weight, and that of the total solids, is volatile
matter, and presumably organic. During the incineration 3 grains per gallon
causes some blackening ; 6 grains per gallon, a good deal ; 10 grains per gal-
lon, a great amount of blackening.

(b.) The permanganate of potash has been proposed by several observers,
and its use has been very carcfully investigated by Dr Woods (Army Medical
Staff).* |

It)is not applicable to waters containing protosalts of iron, and if these
exist the iron must be afterwards separately determined, and the amount of
permanganate decolorized by it deducted.

Weigh 1 gramme (1543 grains) of dry permanganate of potash, and dissolve
in 1 litret (3528 fluid ounces) of perfectly puro distilled water. Then graduate
this solution with oxalic acid by taking 40 C.C. of centinormal oxalic acid$
in 300 C.C. of pure water, and 2 C.C. of sulphuric acid ; heating to 140° Fuhr.,
and dropping in the permangunate from a burette ; 13 C.(". of the permangan-
ate should be exactly decolorized. If not, the solution is too strong or too
weak, and correction must he made accordingly by a little calculation. Then
take 1 litre of the water to he examined, add 2 C.('. of strong sulphuric
acid, heat to 140° Fahr. ; remove lamp; drop in solution of permanganate
from a hurette, stirring continually, and stop when the faintest pink tint is
perceptible. If after waiting the pink tint disappears, add a little more of the
permanganate, and so oun till a tint permanent for half an hour is obtained.
Then read off the number of C.C. used; deduct 0-24 C.C., as that quantity
of permanganate is necessary to give a red tinge to 1 litre of water.

‘We have now got the yuantity of permanganate decolorized by 1 litre of
water.  Dr Woods has shown that 1 C.C. of permanganate of the above
strength is decomposed by 0005 grammes (= 5 milligranmes) of animal or-
ganic matter ; therefore, multiply the number of C.C". of solution of perman.
ganate by 0-005, and the result is the amount of organic matter in grammes
per litre.  Multiply by 70 to bring into grains per gallon,

that maltiplying the fimt by 70 will give the second. The number 70 can only be used
when gramimes per litre are to he brought into grains per gallon. To bring grammes per
litre into grains per pint, mulg':&ly b‘y 870,

® Chemical Journal, Jan, 1863. This paper is only a short summary of a much more extended

inquiry.

1’ ’l‘{e I-;rerflc:i weights and mcns\ll}rex are used in this; work for the volumetric determinations
on account of their convenience. Boxes containing them and apparatus are supplied by th
Army Medical Department. 5 1 b yHe

Equivalents of the French weights : —

Gratnne, 15°43 grains.

Decigramme, = 1543 |

Centigramme, = ‘1548 ,,

Miiligramme, = ‘01543 ,,

Litre, = 1'764 pints.
= 160 mins.

Cubic Centimetre,
284 C.C., 1 tluid ounce av.

% Centinormal solution of a salt is simply the one-hundreth of un equivalent dissolved in 1
litre of water. The e&uiva.lent of crystallised oxalic acid being 63, the hundredth part ex-
pressed in grammes is ‘63, See Chapter on Foop— Preparstion of alkaline solution.



EXAMINATION OF WATER. 27

Example.—Say 1 litre of water required 23-33 C.C. of the solution of per-

manganate.
2333 - 024 = 23-09 corrected quantity for 1 litre.
2309 x ‘005 = 0:115 grammes per litre of organic matter.
0115 x 70 = 8:05 grains per gallon of organic matter.

The chloride of gold, so useful for the detection of the presence of organic
matter, is less so in the examination of quantity.

The quantity of organic matter can also be determined by converting it
into ammonia, distilling this, and estimating its amount by the chloride of
platinum or a standard acid. But this plan takes a longer time than the
permanganate.

3. Determine the amount of Chlorine volumetrically.—Chlorine may be
determined very rapidly by the volumetric method.

Muake a solution of pure nitrate of silver,* by dissolving 16:997 grammes
(one-tenth of an equivalent) in 1 litre of water. Of this solution 1 C.C. =
0003546 of chlorine, or 0:005846 of chloride of sodium.

If the preliminary test shows a very small quantity of chlorine, a litre or
two pints must be evaporated to a small bulk; if the chlorine be in large
amount, take at once two pints or a litre of the water to be examined ; add
enough solution of yellow chromate of potash to make the solution just yellow,
and drop in the nitrate of silver from the burette, and stir after each addi-
tion. The red chromate of silver which is first found will disappear as long
as any chlorine is present. Stop directly the least red tint is permanent.
Deduct 0°1 C.C. from the amount of C.C. used, and multiply the remainder
by the co-efficient of chlorine, or of chloride of sodium if it be assumed that
that salt only is present. Neither solution of silver nor the water must be
ucid ; if the latter is acid, a little carbonate of soda must be added.

Eceample.—A litre of water was evaporated to about an ounce.

A fow drops of chromate of potash, and 16:4 C.C. gave a red colour—
(164 = 1) x 003546 = 0°0578 grammes per litre ; 0°0578 x 70 = 4046 grains
per gallon.

This process is very useful for determining the amount of salt in various
nrticles of food and drink.  In water it is extremely so.

4.—Determine the Hardness of the Waler, which acill give an approximate
idea of the amount of Farthy Salts.—When the total rolids, the organic
watter, and the chlorine, have been or are heing determined, if we cannot
attempt to pursue the examination farther from want of time or materials,
the soap test should be employed. By it the so-called hardness of a water
can be determined, and approximately the amount of pure constituents. The
method here recommended is based on the beautiful researches of Dr Clark
of Aberdeen. Messrs Boutron and Boudet have proposed some modifications,
and have termed their method ** Hydrotimetrie,”+ and this method has been
slightly altered in the hygienic laboratory of the Army Medical School.  Mr
Nicholson of the Army Medical Staff also hias suggested a complete method
of analysis based on the roap test. The result 1s that, with a very small
quantity of water, and in a short time, several important ingredients of water

* The common Junar caustic may bo used, but as this is impure, whenever it can be done it
should be dissolved, filtered, and crystallised, and 16-997 grammes (=262'2 grains) taken. Or
pure wilver may be dissolved in nitric acid amd crystallised. The best proportions are 10767
wramnes (1608 grains) in pure acid ; driving off all fumes, and dissolving in a litre of water. 1t
must be caretully dried, and kept in a dark place.

t In the French Arm{ this method is now langely employed, and chemical boxes are issued
to army surﬁwuu and pharmacidna. .

1 Mr Nicholson's paper is pablished in the *‘ Chemical Journal,” Dec. 1862. Some of his

) are given at a subsequoent page.
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can be determined with sufficient accuracy for hygienic and economical pur-
poses, and, as will be presently seen, the soap test can really be made the
means of an extended analysis of water,

Apparatus required for the Soap Test.—Burette, divided into tenths of a
cubic centimeter ; measure of 50 C.C. or 100 C.C.; stoppered bottles of
about 4 ounces capacity.

Solutions required.—1. Standard solution of chloride of calcium. Dissolve
01 gramme of pure carbonate of lime (white marble or Iceland spar) in pure
hydrochloric acid ; evaporate to dryness; dissolve ; ovaporate agein to dry-
ness, and do this till the solution is perfectly neutral. Then dilute with
pure water to 1000 C.C. In English weight this is 7 grains of carbonate
of lime to 1 gallon, Label this, “ Standard solution of chloride of ealcium.”

2. The best way is to make a solution of ten times the strength (1 gramme
to 1 litre), or 7 grains to yyth of the gallon (=16 ounces), and to dilute when
required. Label, ¢ Concentrated solution of chloride of calcium—1 to 10.”

If a litre of the stronger solution he made, it will last for many years.

3. Instead of the line solutions, nitrate of baryta may be employed. All the
trouble of evaporation is avoided. The strength of the standard solution is
0-26 grammes of pure nitrate of baryta to 1 litre of water; of the concen-
trated solution, ten times this strength, or 2'6 grammmes per litre. In
English weights these are 182 grains per gallon for the standard, or 18-2
grains to 16 ounces for the concentrated solution ; 1 part of which has to be
diluted with 9 parts of water when used.

4. Solution of Soap. Dissolve a piece of soft potash soap of the Pharma.
copwia in equal parts of alcohol and water ; filter and graduate.  Or rub in a
mortar emplastrum plumbi of the Pharmacopeeia with dry carbonate of potash,
in the proportions of 150 to 40; carhonate of lead and oleate of potash are
formed ; dissolve in rectified spirit, filter, and graduate.*

Method of Graduation.—Take 50 C.(. of the standurd solution of lime
or baryta ; put into the shaking bottle, and add to it slowly the soap solution
from the finely graduated burette, shaking vigorously after each addition, and
placing the bottle on its side. When a thin beady lather, permanent for five
minutes, is equally distributed over the whole surface, the process is complete.
Read off the amount of soap solution used ; if exactly 2:2 C.C. have been
used, the process is correct ; if less, the soap solution must be diluted with
spirit. A simple rule will show how much spirit must he added. Suppose
16 C.C. have been used, and that the whole of the soap solution which has
been made measures 210 (C.C., then

As16 : 22 :.: 210 :
z = 2887 C.C
The 210 C.C. must then be diluted to 2887 C.C. The solution should then
be tested once more to see that it is quite correct,
¢ To avoid trouble, it is best always Lo make the soap solution too strong at
irst.

As the accuracy of all the subsequent processes depends on this graduation,
it is necessary to take the greatest care in the operation, )

In all cases the glasses, burettes, &c., must be perfectly clean ; the loast
quﬁ:tity of acid, for example, will destroy the accuracy of the process alto-
gether.

Rutionale of the Process.—When an oleate of an alkali is mixed with pure
water, a lather is given almost immediately ; but if lime, magnesia, iron, baryta,
alumina, or other substances of this kind be present, oleates of these hases an:

* Redwood and Wond. By this plan a verv pure and nnaltars
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formed, and no lather is given until the earthy bases are thrown down. Free
(but not combined) carbonic acid prevents the lather. The soap combines in
equivalent proportions with these bases, so that if the soap solution be graduated
by a solution of known strength of any kind, it will be of equivalent strength for
corresponding solutions of other bages. There are, however, one or two points
which render the method less certain. One of these is, that, in the case of
magnesia, there is sometimes a tendency to form double salts (Playfair and
Campbell), so that the determination of magnesia is never so accurate as in
the cases of lime or baryta. Carbonic acid appears to unite in equivalent
proportions when it is passed through the soap solution ; but if it be diffused
in water, and then shaken up with the soap solution, two equivalents of the
acid unite with one of soap.

It being clearly understood that the soap test is approximative (though
really tolerably accurate if carefully used), it will be found an extremely
convenient plan for medical men, as it demands very little time,

To avoid the repetition of the termn tenth of a centimeter, it will be
convenient to call each tenth of a centimeter a degree,

Grammes.
1° Soap solution, = 00014  lime.
= 00025  carbonate of lime.

" == *00034  sulphate of lime.
” = 0002775 chloride of calcium.
» = 0001 magnesia.

- ‘00021  carbonate of magnesia.
- *00022  carbonic acid.
. “ = 00014  iron.

-
P
TR ]

Procesg with the Soap Test.

1. Determine the Totul Hurdness of the Water.—Take 50 C.C. of the
filtered water; put it in a small stoppered bottle, and add the soap solu-
tion from the burette; shaking it strongly until a thin uniform beady
lather spreads over the whole surface without any break, If the lather
is permanent for five minutes, the process is complete ; if it breaks before
that time, add a drop or two more of the solution,

Then read off the number of degrees of soap solution used.

From the total number of degrees (or tenths of a centimeter) used, deduct
two, as that amount is necessary to give a lather with the purest water, and
this deduction has to be made in all processes. The soap solution which has
heen used indicates the hardness due to all the ingredients which can act on
it ; in most drinking waters thero are only lime and magnesian salts, iron,
and free carbonic acid. .

The amount of this total hardness is, for convenience of expression, usually
exprossed in this country in the manner proposed by Dr Clark. Although
dopendent on various causes, it is expressed as equivalent to so much
carbonate of lime per gallon, and in Clark’s scale 1 grain of carbonate of
lime per gallon is called 1 dogree of hardness. Express the total hardness,
therefore, in degrees of Clark’s scale.

This is done as follows :—

Each 01 C.C,, or in other words, each degree, of our soap solution, corre-
sponds to "00025 of carbonate of lime, Multiply, therefore, this co-efficient
by the number of degrees of soap solution used, and the result is the hardness
of 60 C.C. of water expressed as carbonate of lime. Then, as we have acted
on one-twentieth of a litre, multiply by 20 to give the amount per litre, and
then hy 70 to bring the amount into grains per gallon.
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Example.—A lather was given with 5:2 C.C., or 52° of the soap solution.
(52 ~ 2) x "00025 x 20 x 70 = 175 grains of carbonate of lime per gallon.
Hardness expressed as carbonate of lime = 17°'5 Clark’s scale (viz., 1°=1

grain of Ca O CO, per gallon).
Or the number of degrees can be at once multiplied by the equivalent of
carbonate of lime (50), and the amount in grammes per litre is given.
Multiply by 70 to bring into grains per gallon.* _

If the hardness of the water exceeds 80° of the soap solution, 26 C.C.
of water only should be taken, and 25 C.C. of distilled water added. The
result must then be multiplied by 2.

This process gives very valuable information as to the total amount of
earthy bases, And, taken in connection with the next and with the qualita-
tive examination, it will enable any one to say whether an objectionable
amount of earthy salts exists in the water.

2. Determine the Permaneat or Irremoveable Hardness—DBoil a known
quantity briskly for half an hour, and replace the loss by distilled water from
time to time,

By boiling, all carbonic acid is driven off ; all carbonate of lime, except
about 2 grains per gallon, is thrown down ; the sulphate of lime and chloride
of calcium are not affected if the evaporation is not carried too far; the
carbonate of magnesia at first thrown down is redissolved as the water cools.
If iron is present, most of it is thrown down. When the water is cold, take
50 C.C. and determine hardness, and calculate it agnin for convenience in
Clark’s scale, i.c., as equivalent to so many grainx of carbonate of lime per
gallon.

Example.—Before boiling, 52°, and after boiling, 23° of the soap solution,
were used.

(23 -2) x ‘00025 x 20 x 70 = 735 grains of carbonate of lime per gallon.

As this hardness cannot be got rid of by boiling, it is called the permanent
hardness, and the difference between the total and the permanent hardness is
the temporary or removeable hardness, which in the example would he 175
—7-35=10-15 grains of carbonate of lime per gallon.

The amount of permanent hardness is very important, as it chiefly repre-
sents the most objectionable earthy salts—viz., the sulphates and chlorides of
lime, and the magnesian salts. The greater the permanent hardness, the
worse is the water. The permanent hardness of a good water should not he
greater than 2° or 3° of Clark’s scale.

The determination, then, of
1. The total hardness,

2. The permanent or irremoveable hardness,

3. The removeable or temporary hardness,

will enable us to speak positively as to the hygienic characters of a
water,+ as far as earthy salts are concerned.

® The equivalents of the other salts may be used in the same way. There is sometimes a
little difficulty in seeing where to place the decimal point, but the following rale will help.
Bring the factor always to 4 places of decimals, Thus, if 3° be used, put 3 ciphern ; if 30 be
used, put 2 ciphers ; for example— 5

= 0003

30 0030

800 = 0300
1 MM Boutron and Boudet recommend the following plan, which is often useful, but yet
in only to be considered as giving approxirnative results, ’
Determine the hardness 4 times (always deducting 2 for the pure water), viz -~

1. Of the simple water, = { ?rj;:elscof carbonie acid, lime and magnesian salts,
, ke, .
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Additional Analysis.—In many ceses the analysis must end here ; but it
may be desirable to carry it farther, and to determine the exact amount of some
ingredients ; for example, lime, magnesia, iron, soda, sulphuric acid, silica,
carbonic acid.

1t 8o happens that an approximate estimate can be given of several of these
ingredients by the soap test; and any one who has learned to properly de-
termine the hardness of a water, will be able to carry on the process into
finer details,

Lime.—Lime can be determined either by weight, or approximately by the
soap test.

Lime by weight.—Take a known quantity of water ; add oxalate of ammonia,
and then ammonia enough to give an ammoniacal smell. Allow precipitate
thoroughly to subside, and then wash thoroughly by decantation, or by
throwing the precipitate on a small filter of Swedish paper, the weight of
the ash of which is known. Decantation is recommended. Wash precipitate
on filter ; dry ; scrape precipitate from filter, and place in a platinum crucible ;
burn filter to an ash, by holding it in a strong gas flame, and place it also in
the ermcible.  Ieat the crucible to gentle redness for fifteen minutes, moisten
with a little water, and test with turmeric paper. 1If no reaction is given,
the process is done. If the paper is browned (showing presence of caustic
lime), recarbonate with carbonate of ammonia, drive off excess of ammonisa,
dry and weigh.

The substance weighed is carbonate of lime ; multiply by '56, and the re-
sult is lime.

Lime by the soap test.—Messrs Boutron and Boudet have proposed, after
determination of total hardness to precipitate the lime by oxalate of ammonia,
and then to determine the hardness again. The difference will be owing
to lime removed. The difficulty here is to add enough, and not too much,
of oxalate of ammonia, which itself in excess gives hardness.

I have found the best way to perform this process is to have a perfectly
concentrated clear solution of oxalate of ammonia, and to add to 50 C.C. of

driven off, most of the carbonate
(;}I lime thrown (lllo“"ln), .

3. water, to which oxalate of .
ammonin has heen added, and all } = | Hardoess of magnesian salts, and of free car-
lime thrown down, :

4. Of water freed from lime, and hoiled, =  Hardness of magnesian salts alone.

From No. 4 we have at once the degrees of soap solution, corresponding to magnesian salts.

Deduct No. 4 from No. 3, and the difference gives us the carbonic acid hardness.

Deduct No. 4, and an additional 6° to represent the 2 grains of carbonate of lime always left
in solution from No. 2, and the remainder ia the hardness attributable to salts of lime other
than carbonate, such as sulphate, chloride.

Deduct the hardness of the magnesian salts, carbonic acid, and salts of lime other than car-
borl\aw. from the total hardness, and the remainder is the hardness which is owing to carbonate
of lime.

Say that, in the water, the hardness (2° being always deducted) was, for Nos. 1, 2, 3, and 4
reapectively, 60°, 20°, 10°, and 38°, the further calculation would be—

No. 4. Magnosian hardneas = 3°,

No. 8. Carbonic acid hardness (10°-8°)=7°,

No, 2. 8alt of lime other,thau carbonate (20° - 3%3°+6°)= 11°.
No. 1. Carbonate of lime (60° - (3°+7°+11)=39"

Assuming the mnfneaia to exist ag carbonate of magnesia, and the salts of lime other than
carbonate to be sulphate——but this is merely a convenient assumption— multiply the degrees by
the equivalents, and then hy 70, to bring into grains per gallon. Thus—

Carbonate of lime, 39° 0039 x 60 x 70 = 13-650 grains per gallon.

2. Of the bLoiled water (carbonic acid} {Hurdne.ss of a small amount of carbonate of

lime (2 grains per gallon), of lime salts other
than carbonate, and of magnesian salts,

Sulphate of lime, 10° = 0011 x 68 x 70 = 5236 .
Carbonate of magnesla, 8¢ = -0003 x 42 x 70 = 0882 '

Uarbonic geid, free, Rl 65 = 455 cabic inches per gallon,
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water 1 drop for every 4° of soap solution used ; then, in other bottles, to add
respectively 1, 2, and 3 drops more. Then determine hardness of all the
bottles, and select the result which gives the least hardness. In this way we
can hit on the bottle which contains enough, but not too much, oxalate of
ammonia. The water need not be filtered, but it should be allowed to stand
at least for three or four hours, or, better still, twenty-four hours, before the
hardness is taken.

Then multiply the difference between the total hardness®nd the hardness
without lime, by the co-efficient for lime; this is ‘00014, as each degree of the
soap solution is equivalent to this amount of lime.

Example—Total hardness, . . 52°
After lime precipitated, . 10°
Difference, . 42°

42 x ‘00014 x 20 x 70 = 8-232 grains of lime per gallon.

If carefully done, this result will be near the truth.

Magnesia by Weight—Take the water from which the lime has been
thrown down ; cvaporate to a small bulk; filter if there be turbidity ; add
solution of chloride of ammonium and ammonia to slight excess ; then add a
solution of phosphate of soda; stir with a glass rod; set aside for twelve
hours ; throw precipitate on a filter, carefully detaching it from the sides of
the glass ; wash with ammoniacal water ; dry ; incinerate on an intense heat ;
weigh, taking care to deduct the ash of the filter known by previous experi-
ment. The substance is pyrophosphate of magnesia; multiply by ‘36036 to
get the amount of magnesia.

Magnesia by the Soap Test—Boutron and Boudet propore to determine
the magnesia by boiling the water from which the lime has been thrown
down. All usual elements of hardness, except the magnesia, are thus got rid
of. The objection to the process is the powsibility that the magnesia may
form a double salt with the svap.—(Camphell—Playfair.)

Take 50 C.C. of water; add to it the numlwr of drops of solution of
oxalate of ammonia found to be sufficient in No. 3 ; allow to stand for threv
or four hours ; boil for half an hour, replace loss by distilled water ; allow to
cool, and determine hardness, which is owing to magmesia salts, -

Calculate as magnesia, the co-eflicient of which, for each degree of soap
solt(l)ticin, is *0001, or, as carbonate of magnesia, the co-efficient of which is
00021,

Ezxample—Hardness, after driving off carbonic acid by bhoiling and pre-
cipitating lime, = 11°.

(11°=2° x *0001 x 20 x 70 = 1-26 grains of magnesia per gallon.

This result is merely approximative, but it is really always nearer the truth
than the determination by weighing in the hands of a beginner.

Soda.—By weight, the quantity of lime and magnesia must be known
and &alcxdafed as sulphates ; the silica and iron must also have been deter-
mine

Take the total solids after their determination by evaporation ; add cau-
tiously dilute sulphuric acid, avoiding loss by spurting; warm gently for
ten minutes ; then evaporate to dryness; ignite, adding at the last a little
carbonate of ammonia : weigh, ‘

_ The substance weighed is composed of silica and iron, and sulphates of
lime, magnesia, and soda. The weights of all the first-named substances ™
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known, if they are deducted from the total weight, the residue is the
weight of sulphate of soda.  Multiply by ‘43662 ; the result is soda (Na 0).

Soda (or the Alkalies) by the Svap Test.—This plan was devised hy Mr
Nicholson. It requires great care, and, in my hands, bas not given very
uniform results, A known guantity of water is evaporated with a few drops
of gulphuric acid ; all excess of acid expelled ; the sulphates redissolved ; 50
C.C. taken, and the hardness determived. To another 50 (', strong barytic
solution, equivalent to 100°, is added.  If nothing but sulphate of lime and
magnesia ave present, the amount of sulphate of haryta precipitated will he
exactly equivalent to the amount of carthy sulphates, and, after precipitation,
the hardness will be exactly that of the added barvtic solution.  But if sul-
phates of potash or soda are present, more baryta will be earried down, and
there will be a corresponding loss of hardness. The loss of hardness, there-
fore, below the 1007 of barytic solution added, indicates the amount of SO,
united with an alkali; and therefore the amount of the alkali itself.

This method does not distinguish between potash and soda,

Lrample.—Hanlness after 80, evaporation, . 55
Hardness of 25 C.C, of harytic solution, 11+

167

After precipitation, . . . 37

Alkali loss, 101 =877 = 11,

This may be reckoned as soda, as the amount of potash is usually small,
but the result is, of conrse, approximative, ax potash may be present.  Co.
efticient of sodinm, ‘000115 ; of soda, 000155,

D001 < 14 ~ 20 < TO 25 grains of sodium per gallon,

Sulphuric Acid by Weight.—Take a known quantity of water (500 to
1000 grammes) 3 evaporate (o a small bulk ;) acidify with hydroehlorie acid.
and add chloride of barium ; wash by decantation ; dry and weigh.  The sub-
stance is sulphate of baryta; wultiply by 34309 1o get the amount of
SO

Sulphuric Acid by Swp Tesd.- - This plan was proposed by Boutron and
Boudet, and is hriefly as follows :-—The hardness of the water being known, a
cerfain quantity (2 to 8 C.C) of the stronger barvtie solution is added to
50 C.C, and the mixture is allowed to stand.  The handness (supposing
no 8O, were present) would be exaetly equal to the original hardness of the
water, and of the barytic solution combined.  But SO, heing present, sulphate
of haryta is precipitated, and there is a loss of hardness,  Each degree of loss
equals “0002 of anhydrous sulpharie acid (S0),).

Forample.—Original hardness, . . . G2°
8 C.C,, strong barytic solution, . . 20°-2+
203
After precipitation, . . . . T2

0002 x 11 x 20 x 70=3-U8 grains per gallon of SO

* That js, 100° for the baryta, and 1° for the 25 C. of water.
t That is, the baryta equals 20°, and the water of the 3 C.C. equals 0°°2,
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Usually this process gives good results. (ccasionally, from somo cause of
which I am ignorant, the sulphate of baryta docs not precipitate. This does
not depend on the amount of sulphuric acid. The esse with which this pro-
cess is done renders it usecful.

TIron.—Evaporate one-half of the water to dryness; incinerate to destroy
organic matter ; if iron be present, the ash will be red. Dissolve in a small
quantity of sulphuric acid ; add zinc to reduce the iron to °1.1!'0150):ida ; dilute
to 100 C.C. or any convenient quantity, and warm to 140° Fahr. Put the
solution of permanganate of potash,* graduated for tho organic matter, into a
burette, and add it to the water till the faintest red tint is permanent. Cal-
culate how much would be used for the litre, and deduct 0-24 C.C.  Multiply
remainder by co-efticient of iron, or oxide or carbonate of iron.

Grammes.
1 C.C. of permanganate, = 00172 iron.
” " = *002211 protoxide of iron.
” " = 003562 carbonate of iron.

If, in a water containing iron, the amount of organic matter and iron has
bheen previously determined, the amount of permanganate used for the iron
must be now deducted from the total amount to obtain the exact guantity of
permanganate decomposed by organie matter alone.

Silica and Iron.—Take the dried solids; add strong hydrochloric acid :
evaporate to dryness; dissolve everything that will come away by repeated
washing with hot water. 'Weigh remainder as silica and iron mixed.

The amounts of the Nitric and Phosphorie Acids had better not be deter-
mined by weight.  1f it is wishud to do so, refer to Fresenius’ ¢ Quantitative
Clemical Analysis.”

Free Carbonie Acid.—Determination by the Suap Test—In onder to get rid
of the fallacy from free carbonic acid acting on the soap, Clark recommended
that the water should be well shaken in a bottle, 5o as to disengage some of
the CO,, and then that the air should be sucked out.  Dut this dees not
entirely remove the carbonic acid.

By the soap test the free carbonic acid can be determined in the following
way : Throw down all the lime carefully, without adding an exeess of oxalate
of ammonia, and determine: the hardness in 50 C. (', as usual.  The hardness
will be owing to magnesian salts, iron, if it exists (or alumina or baryta in
mineral waters), and carbonic acid.  If, now, the water he hoiled, and the
loss of water replaced by distilled water, the carbonic acid will be driven off,
and the hardness again determined.  The difference between the first and
second trials will (if no iron exist in the water), give the amount of soap
solutions which had heen previously acted on by the carbonic acid,

Eeumple—1. Total magnesian and carbonic acid hardness, = 12°
2, Magnesian hardness, = 7°
Carbonic acid hardness, | .= A

* This solution of permanganate is merely userd because it has been already gradonted for
the organic matter. Otherwise it is more convenient to use a decinormal solution of the per-
wanganate, or to use the bichromate of potash, which, in some respeets, is superior to the
permanganate ; as 1 atom of bichromate gives up 3 atoms of oxygen, the decinonnal solution is
onth of an equivalent (=4-919 grammes) dissolved in 1000 C.C.5 T C.C. is equal to 43, 0th
atom of a protosalt, or y 1 854th of & persalt ({5 kg 4th atom of ronz0002%),  The end of the
reaction is known hy bringing a drop of the mixture in contact with a drop of freshly prepared
red prussiate of potash on a white slab (Sutton, p. 94).  The colour at the point of contact is
blue as long as protoxide of iron exists, then is green, and then hrownish ; the disappearance of
the greenish blue tint indicates the point at which all the iron ix oxidized.
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1° of soap solution corresponds to “00022 grammoes carbonic acid. Therefore—
00022 x 5 x 20 x 70 = 1-64 grains per gallon. .
As 2°116 cubic inches weigh 1 grain, multiply the number of grains by
2:116 to bring into cubic inches per gallon.
1'64 x 2:116 = 3-25 cubic inches.
O, to shorten the calculation, multiply the number of degrees of soap solution
hy 65 ; the result is the amount of cubic inches per gallon.
B x ‘65 = 3:2b cubic inches per gallon.

1f iron exists in the water, it must be determined and its amount deducted ;
1° of soap solution corresponds to 00014 grammes of iron (Fe).

Mr Nicholson has proposed another process which is more accurate, but
demands more time and care.

Determine tho total hardness of the water. Then o another known quan-
tity of water add a few drops of sulphuric acid ; evaporate to dryness; drive
off carefully tho excess of SO, ; dissolve in an equal quantity of pure water,
and determine the hardness again,  The SO, converts all the salts into sul-
phates, hut their hardness remains the same ; the CO, is, however, driven off,
and the difference between tho first and second determination represents the
carbonic acid. The calculation is made as hefore.*

Recapitulation of the Scheme for the Rapid Ecamination of Water.

1. Take physical characters.

2. Set aside a portion to stand. In twenty-four hours examine sediment,
if any, with the microscope.

3. Measure a portion of water, and set it to boil for half an hour,

4. Take another portion; add a few drops of terchloride of gold, and set
it to hoil,

5. Arrange test tubes or glasses. Put some of the water in each, and test
for lime, sulphuric acid, chlorine, and mnitric and nitrous acid. If time per-
mit, pursue the examination further.

6. Evaporate for total solids.

7. Determine organic matter by permanganate,

8. Determine amount of chlorine,

9. Determine the hardness of the simple and boiled water.

By these simple means we obtain all the hygienic information that is really
important and necessary.  If we know the total solids, the amount of organic
matter, the amount of chlorine, which will show us whether the water is
impregnated with sea water or sewage, and the approximative amount of the
earthy salts, as determined by the hardness, we can without hesitation express
a confident opinion that the water is good or had.

If time permit, the examination ean be pushed farther:

Determine amount of lime and magnesia hy soap test or by weight.

Determine amount of sulphurie and earbonie acids hy soap test,

Determine amount of iron and silica,

Determine amount of soda by weight.

Calenlate acenrding to the formula given at a former page.

Seheme for the Registration of the Condition of the Wider ai
Different Stations,

1f analyses were made frequently af each station, and a recond left in the

C % It must be remembered that it is only the fiee and not the combined carbonie acid which
is estimated.
~ 9
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office, the successive medical officers would be able to learn at once the com-
position of the water and its charges during the ycar—in floods, dry seasons,
&e.  Of course, any claboratc analyses could not be expocted, but the follow-
ing short scheme would give much useful information :

Example of a Simple Table proposed to be hung up in the Surgery of each
Station. Of course, whenever practicable, it should be extended. I have
here given only the facts of greatest moment.

Per Gallon. Hardness—Clark's
scale.

Date of the Physical | Microscopical .
Examiuation. | character. | examination. | g 1iqs Omt::mc
* | matter.

Chlorine., Before | After
hoiling. | hoiling.

Slightly 1A little sand

hazy. ! and veye-

Tasteless.]  table mat-

No odour, ter.

A few para-
mecia. ‘

1864,

June 20, 17:6| 075 93 84

(84
<t

SECTION TV,
StB-SectioN L—PuriricatioNy oF WATER,
Without Fitration.

1. Ecposure to Air in divided currents.—This was a plan proposed hy Lind,
for the water of the African west coast, more than 100 years ago, and
frequently revived since.  The water is simply poured through a sieve, or a
tin or wooden plate, pierced with many small holes, so as to cause it to fall in
finely divided stremms. A similar plan, advised by Mr Osbridge, has heen
wsed in the Royal Navy. A hand-pump is inserted in a cask of water, and
the water is pumped up, and made to fall through perforated sheets of tin.
1t soon removes hydrosulphuric acid, offensive organic vapours, and, it is said,
dissolved organic matter,

2. Boiling and ayitation.—This plan gets rid of carbonate of lime, iron in
part, and hydrosulphuric acid, and lessens, it is said, organic matter.

3. Addition of Alum.—Six grains per gallon throws down almost all sus.
pended matters ; the alumina falls as a basie salt ; the sulphuric acid remains
in solution.  The alum should, it possible, be added, twenty-four hours
before the water ix used.

4. Addition of Lime Water (Clark’s patent).—DBy combining with carbonic
aeid, it causes almost all the carbonate of lime previously and newly formed
to be thrown down. It also throws down suspended and perhaps dissolved
organic matters, and also, it s said, iron. It does not touch the sulphate
and chlorides of lime and magnesia,

5. Addition of Permanganate of Potash, or Sodu (Condy's fluid and powdor).
—It dostroys organic matter and ammoniacal compounds hy rapid oxidation,
and may be used with advantage for this purpose.  Used for the water of
ponds charged with putrefying organic matters, it purifies the water almost
instantaneously (Hofmann). The peroxide of manganese subsides, and can
he separated by filtration,
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6. Curbonate of Soda, with boiling, throws down lime, and possibly a little
lead if present.

7. Uwse of the Strychnos potatorum.—In India, this nut is rubbed on the
inside of casks, and is supposed to purify water from organic matter.,

8. Imamersion of Iron Wire and Magnetic Oxide of Iron (Medlock).—This
plan is said to decompose organic matter. Charcoal and peroxide of iron are
sometimes mixed.

9. Lmmersion or boiling of ecertain Veyetables, especially those containing
tannin ; such as tea,* kino, the Laurier rose (Neriwm Oleander, which is also
rubbed on the inside of casks in Barbary), bitter almonds (in Egypt).

10. Immersion of snall picces of Chareoal, and eharring the inside of Casks.
—This is an extremely eflectual plan, but the charcoal soon loses its power,
and requires to he renewed.  Berthollet considered that the charring of the
casks was more effectual than the immersion ; the charring can he renewed
from time to time. Lowitz advises that o little sulphurie acid (10 drops to
1 Ib. of charcoal) shall be added. A mixture of some of these substances has
been used, as ime and alum (1 part to 2), or carbon and alum (4 parts to 1).

To put these facts in another formn —

Oryganie matter is got rid of most readily by exposure to air, hoiling,
agitation, charcoal, alum, permanganate of potash, Strychnos potatorum,
astringents.

Curbonate of line, by boiling and addition of canstic lime,

Chloride of sodivm, by filtration through a great depth of charcoal or sand.

DIrony by builing and lime water, and in part by charcoal.  Lead and copper
are also removed or lessened by pure charcoal.t

Sulphate and eldorides of e, aned of magnesic, cannot be got rid of, but are
perhaps lessened a little by filtration through charcoal.

It should also be remembered that some water-plants have a purifying
effect, apparently from the large quantity of oxvgen they give out ; and this
takes place sometimes though the water itself is green.

With Filtration.

On the large seale, water is received into settling reservoirs, where the
most hulky substances subside, and is then filtered through gravel and sand,
either hy ascent or descent, or alternately one and the other (Thom, at Paisley).
A sort of trap rock (amygdaloid) has been used instead of sand at Greenock,
and is said to be very nseful in peaty discoloration (Thom).  Mr Witt's ex-
periments show that sand removes ahout & per cent. of organic matter, hut
not, more than 0°2 per cent. of mineral substances. It ix said, however, that a
very great thickness of sand will in part purify from chloride of sodium ; and
Professor Clark has stated that lead is also Tessened or removed by this plan.

On a smaller seale, a great number of substances have heen used ; animal
and vegetable charcoal, chareoal and soda (Lipscombe), magnetic iron ores and
hmematite, peroxide of manganese, flannel, wool, sponge, porous sandstones,
natural and artificial, &e.

Of all these substances, charcoal is the best4 it can remove 88 per cent. of

# In the North of China, and especially during winter, the water of the Peiho becomes very
impure, and containg not only suspended matters, but dissolved animal matter in large quantity,
which givea the water a disagreeabile offensive smell.  The Chinese never drink it except as tea,
which is couled with a lamp of ice, if it is desired to drink it cold. In this way they secure them-
selves from all bad effects of this water (Friedel, Dag Klima. Ost-Asicus, p. 60), The Europeans
use alum and charcoal ; but these do not always entirely remove the taste. The Tartars also
ured their  brick ton” to purify the water of the Steppes, which would otherwise be undrinkable.

t Chevallier, Traité des Désinfect. p. 147.



38 WATER.

organic matter, and 28 per cent. of mineral mattors. It has removed 748 per
cent. of the chloride of sodium, 85 per cent. of the lime salts, and 2-3 per
cent. of the sulphuric acid (Witt). One part of animal charcoal purified 136
times its weight of any impure water, and 1 part of vegetable charcoal 116 times
(Gaaultier de Claubry). Bat if the water be moderately good, 1 part of charcoal
will purify 600 times its own weight of water ; or 1 Ib. will purify 600 1bs.
or 60 gallons.

Animal charcoal is better than vegetable charcoal ; both lose their power
in a certain time, but regain it when exposed to air, and still more quickly if
slight heat be employed. Every now and then, therefore, tho charcoal should
be removed, thoroughly dried, and freely exposed to the air.

The thickness of charcoal should be considerable ; in the best filters it is
very closely pressed.

The effect of the charcoal is partly mechanical, but chiefly chemical ; the
large quantity of oxygen in its pores 18 brought into the closest contact with
any oxidizable matters in-the water.

In very large quantities, charcoal will, it is said, remove sufficient salt from
sea water to render it potable with wine. Lately, M. Cardan has recom-
mended a siphon, the long leg of which is filled with charcoal. The action
is started with fresh water, and then sea water is allowed to flow through.
There might be circumstances in which distillation of sea water could not be
carried on, and then this plan might be uscful.

In Lipscombe's patent, carbonate of soda ix mixed with the charcoal ; its
utility is doubtful, and it must soon be dissolved out.

The filter patented by M. Fouvielle, in Paris, is composed of 9 layers of
sponges, pounded sandstone, and gravel. That of M. Souchon is made up
chiefly of diaphragms of wool ; the wool having been previously boiled in
solution of alum and cream of tartar, and then dyed in infusion of gall-nuts,
and washed in solution of carbonate of soda.

Svn-Section IL—ST0RAGE OF WATER.

The amount of storage required will depend on circumstances, viz., the
amount ured, and the ease of replenishing. It is, of course, casy to calculate
the space required when these conditions are known, in this way :—The
number of gallons required daily fur the whole population must be divided
by 6-23 to bring into cubic feet, and multiplied by the number of days which
the storage must last ; the product is the necessary size of the reservoir in
cubic feet.

Many waters, particularly rain water, must be filtered through sand before
they pass into small cisterns, and the filter should be cleanod every three or
four months. The following is the filter recommended by the Barrack Comn-
mission.* (See fig. 1.)

‘Whatever be the size of the reservoir, it should be kept carefully clean, and
no possible source of contamination should be permitted. In the large
reservoirs for town supply, the water is sometimes rendered impure by
floods washing surface refuse into them, or by substances being thrown in.

Some large cities are still supplied principally by min water, as Con-
stantinople—where, under the houses, are enormous cisterns— Venice, and
other places.t Gibraltar is in part supplied in this way, and there was

* Report on the Mediterranean Stations, 1863,

T The_following account of the cisterns of Venice may be interesting (Chemical News,
Al 1862, from the Scientific American) :—

““ The city of Venice is wbollir3 supplied with rain water, which i« retained in cisterns. The
city occuples an area of about 13,000 acres. The annual avernge fall of rain is 81 inches, the
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storage in the military tanks, in 1861, for 1,971,844 gallons. No house is
now allowed to be built in. Gibraltar without a tank.

Ag far as possible, all reservoirs, tanks, &c., should be covered in ; in form,
they should be deep rather than extended, so as to lesscn evaporation and
secure coolness. While they should be periodically and carefully cleaned,
it would appear that it is not always wise to disturb water plants which may
be growing in them ; some plants, as the protococcus, the chara, and others,

movealle covering slone 3 Paving Level of Groumd
: RN TR B S T o

Fig. 1.

give ont a very large amount of oxygen, and thus oxidize and render in-
nocuous the organic matter which may be dissolved in the water or volatilized
from the surface.  Dr Chevers mentions that the water of some tanks which
were ordered to be eleared of water plants by Sir (‘harles Napier, deteriorated
in quality. Other plants, however, as some species of duckweed (lemna at home,
pistia in the tropies), are said to contain an acrid matter which they give off
to the water. 1t would be well to remove some of the plant, place it in pure
water in a glass vessel, and try by experiment whether the amount of organic
matter in the water is increased, or whether any taste is given to the water.
Dead vegetable matter should never find its way into, or st any rate remain
in, i reservoir.

greater part of which is collected in 2077 cisterns, 177 of which are public.  The rain ix
sufficiently abundunt to fill the cisterns five times in the course of the year, so that the distri-
bution of water is at the rate of 312 gallons per head.  To construct a cistern after the Venetian
fashion, a large hole is dug in the ground to the depth of about 9 feet. The sides of the
excavation are supported by a framework made of goxd oak timber, and the cistern has thug
the appearance of a square truncated pymmi«l, with the wilder base turned upward. A coating
of pure and compact clay, 11oot thick, 18 now applied on the wooden frame with great care ; this
opposes an invineible obstacle to the progress of the roots of any plants growing in the vicinitg',
and alwo to the pressure of the water in contact with it.  No crevices are loft which might
allow the air to penetrate. This preliminary work lLeing done, a large circular stone, partly
hollowed out like the bottom of a kettle, is deposited in the pyramid with the cavity upward ;
and on this foundation a eylinder of well-uked bricks ix constructed, having no interstices
whatever, except a number of conical holes in the bottom row. The large vacant space
remaining hetween the sides of the pyramid and cylinder is filled with well-scoured sea sand.
At the four corners of the pyramid they place a kind of stone trough covered with a stone lid
pierced with holes.  These troughs communicate with each other by means of a small rill made
of bricks, and resting on the sand ; and the whole is then paved over.  The rain water coming
from the roofs of the buildings runs into the troughs, penctrates into the sand through the
rills, and is thus filtered into ﬁ:« well hole by the conieal holes already described.  The water
thux supplied is Hnpid, sweet, and cool."
® (lemens in Archiv. fiir Physiol. Heilk, 1853,
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Whenever a reservoir is so large that it cannot be covered in, it may he
suggested whether a second smaller covered tank, capable of holding a few
days’ supply, might not be provided with a filter, through which the water of
the large reservoir might be led as vequired.

‘When tanks are large, they are made of earth, stones, or masounry ; if
mortar be used, it should, as in the case of the smaller reservoirs, he
hydraulic, so that it may not be acted on hy the water, -

The materials of small resevvoirs and cisterns are stone, cement, brick,
slate, tiles, lead, and ivon,  Of these slate is the best, but it is rather liable
to leakago, and must be sel in good cement ; common mortar must not be
nsed for stone or cement, as lime is taken up and the water becomes hard.
Leaden cisterns, as in the case of leaden pipes, may vield lead to water, and
should be nsed as little as pussible, or should be protected.  Lead eisterns are
often corroded by mud or mortar, even when no lead is dissolved in the water.
Iron cisterns aud pipes are often rapidly eaten away.

Cisterns should alwaxs be well covered, and protected as mueh as possible
from bhoth heat and light. Care should always be taken that there i no
chance of leakage of pipes into them. A common souree of contamination is
an overflow pipe passing direct into a sewer, so that the sewer gases pass up.
and being coutined by the cover of the cistern, are ahsorbed by the water ; to
prevent this, the overflow pipe is curved o as to retain a little water and
form a trap, but the water often evaporates, or the gases force their way
throngh it ; ne overflow pipe should therefore open into a sewer, but should
end above ground over a trapped ‘grating,  Cisterns should be periodically
and carcfully inspected ¢ and in every new building, it they are placed at the
top of a house, convenient means of aceess should be provided,

Sts-Sectioy TIH.—DistriputioN or WaTER.

When houses are removed from sources of water, the supply must be by
aqueduets and pipes.  The distribution by hand, formerly so common in this
country, and still practised in India, ix a rude and ohjeetionable arrangement,
for it is impossible to supply the proper quantity, and the risks of contamina
tion are increased,  Some of the most extraordinary of the Roman works in
hoth the eastern and western empires were undertaken for the supply of
water—works whose ruins excite the astonishment, and should rouse the
emulation of modern nations.

The pipes are composed of iron, masonry, or carthenware for the larger
pipes or mains, the iron heing sometimes tinned or galvanised ; for the
smaller pipes, iron, lead, tin, zine, tinned copper, carthenware, gutta percha,
&ec. are used

Bituminised paper pipes were some time sinee hrought into the market,
but they have not suceceded ; after a time they beenme soft, Pipes of arti-
ficial stone are now, it is said, able to be made.  Iron is the best material for
the larger pipes, and iron or non-metallic substances for the smaller pipes,
(For the action on lead, see next page.)  The distribution of water is either
intermittent, when the water flows at certain times from its source or reser-
voir into cisterns, and is there stored for a time ; or it is continuous, when the
house pipes are connected always with the main reservoir,

The latter plan gives a constant supply, and avoids all chances of contam-
ination of eisterns. It has, therefore, been strongly advocated by some
of the best sanitarians of our time, and is employed in several ‘English
towns. It has, however, some disadvantages. The waste of water is con-
siderable, and chances of leakage arc considerable. As in many instances
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where the system has been adopted, the supply of water is much larger than
the population demand, the luss of water at first causes no inconvenience ; hut
it the population increase, or if the supply is only just sufficient from the
first, the waste is sometimes a great evil, and in some cases has been almost
intolerable, Various plans have been tricd—water meters and payments hy
guantity ; but then the effect was to lead to such economy on the part of the
tenants, as to lead to depressed rates, and to almost, Tuin the water company.
Some eompanies bound to a constant supply have introduced akind of throttle
into the servico-pipe, which allows only a dribble into the house ; but this is
bad, as there are certain times when much water is wanted, and tines when
little is used ; the invariable dribble gives too little or too much.

On the whole, cisterns are probably a necessity unless the supply of water
can meet o very great demand ; then the constant system should be adopted,

Water should be distributed not only to every house, but 1o every floor in
a house,  If this isnot done, if labour ix searee in the houses of poor people,
the water is used several times ; it becomes a guestion of labour and trouble
eersus cleanliness and health, and the latter too often give way,  Means mmst
also be devised for the speedy removal of dirty water from houses for the
S TeAsOns,

Scs-SectioN IV.—1. Acerios or Warer ox Leap Pipes.

There are more diserepancies of opinion on this subject than might have
been anticipated.

From an analysis of most of the works, the following points appear to be
the most certain :—

1. The waters which aet most on lead are the purest and most highly
oxygenated ; also those containing organie matter, nitrites (Medlock),” nitrates,
and according to several observers, ehlorides.  Besides the portion dissolved, a
film or erust ix often formed, especially at the time of contact of water and
air; thix erust eonsists wsually of 2 parts of carbonate of lead and 1 part of
hydrated oxide.  The mud of several rivers, even the Thames, will corrode
lead, probably from the organie matter it contains, hut it does not necessarily
follow that any lead has been dissolved in the water.  DBits of mortar will
also corrode Tead.

2. The waters which act least on lead are those eontaining carbonie acid,
carhonate of lime, and in a less degree, sulphate of lime ; and, perhaps, in a
still less degree, magnesian salts, and the phosphates of the alkalies ;+ but
it has heen said that perfeetly pure water, containing no gases, has no action
on lead.  The deposit which frequently coats the lead, consists of carbonate
and sulphates of lead, lime, and magnesia, if the water have contained these
salts, and chlorides of lead and caleium.

3. From the observations of Giaham, Tofmann, and Miller, the protective
influence of carbonic acid gas appears to be very great; a difficultly soluble
carbonute of lead is formed.  However, & very great exeess of free earbonie
acid may dissolve this.  This has perhaps led to the statement that earbonie
acid counteracts the preservative effects of the salts.§

Other substances may find their way into water, which may act on lead—as

* Madlock attributes the greatest influence go nitrite of ammonia formed from organic matter
nitrite of lead is rapidly formed, and carbonate is then produced ; the nitrous acid being set

Iree 1o act on another portion of Jead.  The nitrite of ammona exists in most distilled water.
T Report of the Government Commission 1851, p. 7.

3 Lauder LindsaY, Action of Hard Water on Lead, . 7.
§ Theve is sowse diserepuncy of apinion as 1o the action of the chlorides.
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vedgetable and fatty acids, arising from fruits, vegetables, &c., or sour milk or
cider, &c.

4. The lead itself is more easily acted upon if other metals, as iron, zinc, or
tin are in juxta-position ; galvanic action is produced. Bending lead pipes
against the grain, and thus exposing the structure of the metal, also increases
the risk of solution ; zinc pipes, into the composition of which lead often
enters, yield lead in large quantities to water, and this has been especially
the case with the distilled water on board ships.

2. AMOUNT oF D1ssoLVED LEAD WHICH WILL PRODUCE SYMPTOMS OF P’OISONING.

Dr Angus Smith refers to cases of lead paralysis in which as little as y}5th
of a grain per gallon was in the water. Adams also (“Trans. of the
Amorican Medical Society,” 1852, p. 163) speaks of ¢35th of a grain causing
poisoning. Graham speaks of Jyth of a grain per gallon as being innocuous.
Angus Smith says, that ¢&;th of a grain per gallon may affect some persons,
while ;th of a grain per gallon may be required for others. But it is diffi-
cult to prove it may not at some time have been more than this. Calvert
found that water which had been decidedly injurious in Manchester, contained
from y4th to P5ths of a grain per gallon,

In the celebrated case of the poisoning of Louis Philippe’s family at
Claremont, the amount of lead was ysths of a grain per gallon ; this quantity
affected 34 per cent. of those who drank the water.

The water of Edinburgh is said to contain only {}34th of a grain per gallon,
which is not hurtful *

3. ProtectioN oF Leap Prres.

The chief means which have heen proposed are :—

(e.) Lining with tin. Calvert's experimentst show that extra tinned and
ordinary tinned lead piping both gave up lead to the pure water now used at
Manchester.

(1) Fusible metal, viz., lead, bismuth, and tin. This is certainly objection-
able. oo
(c.) Bituminous coating (M‘Dougall’s patent). This is said to be effectual,
but I am not aware of any exact experiments.

(1) Various gums, resins, gutta percha, and india-rubber. These would
probably be efficacious, but I am ignorant of any evidence to show how long
they will adhere.

(e.) Coating interior of pipes with sulphide of lead by boiling the pipes in
sulphide of soda for fifteen minutes. The sulphide of suda may be made by
boiling sulphur in liquor sodze.  (Schwartz’s patent.)

(/) Rosin and grease with white lead (!) has heen proposed, also rosin and
arsenic. Both are most objectionable.

(g.) Varnish of coal tar.}

4. SussTITUTES FOR LEAD PIrEs.

Cast-iron pipes can be used, and Mr Rawlinson informs me that he now
orders no others. Copper tinned and block-tin are also used, and both are
excellent, but are rather expensive. Gutta percha and bituminised paper pipes
have been proposed, but at present are not in much, if in any, use.

* Chemical News, September 28, 1861, Ibid.
} Lauder Linam):, Action of Hard Waters on Lead p. 2;
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SUB-SEOTION V,—SEARCH AFTER WATER.

Occasionally, & medical officer may be in a position in which he has to

search for water. Few precisc rules can be laid down.
' On a plain, the depth at which water will be found will depend on the
permeability of the soil, and the depth at which hard rock or clay will hold
up water. The plain should be well surveyed ; and if any part seems below
the general level, a well should be sunk. The part most covered with herb-
age is likely to have the water nearest the surface. On a dry sandy plain,
morning mists or swarms of insects are said sometimes to mark water below.
Near the sea, water is generally found ; even close to the sea it may be fresh,
if a large body of fresh water flowing from higher ground holds back the salt
water. DBut usually wells sunk near the sea are brackish ; and it is necessary
to sink several, passing farther and farther inland, till the point is reached
where the fresh water has the predominance.

Among hills the scarch for water is easier. The hills store up water, which
runs off into plains at their fect. Wells should be sunk at the foot of hills,
not on a spur, but, if possible, at the lowest point; and if there are any in-
dications of a water-course, as near there as possible. In the valleys among
hills, the junction of two long valleys will, espocially if there is any narrow-
ing, gencrally give water. The outlet of the longest valleys should be chosen,
and if there is any trace of the junction of two water-courses, the well should
he sunk at their union.  In a long valley with a contraction, water should be
sought for on the mountain side of the contraction. In digging at the side of
a valley, the side with the highest hills should be chosen.

Before commencing to dig, the country should be as carefully looked over as
time and opportunity permit, and the dip of the strata made out, if possible.
A little search will sometimes show which is the direction of fall from high
grounds or a water-shed.

If moist ground only is reached, the insertion of a tub pierced with holes

deep into the moist ground will sometimes cause a good deal of water to be
colleeted.

DoAY AL ALY O Iy PR AL R
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Sur-SecT1oN VI.—SPECIAL CONSIDERATIONS OX THE SUPPLY OF
‘WATER T SOLDIERS,

In barracks and hospitals, and in all usual stations, all that has to be done
is to make periodical examinations of the quantity and quality of the water,
to inspect the cisterns, &c., and to consider frequently if in any way wells or
cisterns can have become contaminated. As far as possible, a record should
be kept at each station of the normal composition of the water.

In transport ships, the water and the casks or tanks should always be ex-
smined before going to sea. Alum, charcoal, and permanganate of potash
should be taken to sea. If the water turns out bad, it must not at once
be condemned ; by aeration, boiling, charring the easks, throwing alum and
charcoal into the water, what at first appeared a very unpromising water, may
be used. If it cannot be used, or if the water fails, distillation can always be
managed. If the water distils over acid, neutralise with carbonate of soda.
If there is a little taste from organic matter, let it be exposed to the air for
two or three days. -

During marches, each soldier carries a water-bottle. He should be taught
to refill it with good water whenever practicable ; a little flannel bag, into
which chareoal may be sewn, should be placed at the opening so as to strain
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the water. If the water is decidedly bad, it should be boiled with tea, and
the cold tea drunk. The exhausted leaves, if well boiled in water, will give up
a little more tannin and colouring matter, and will have a good effect ; and if &
soldier would do this after his evening meal,
the water would be ready for the next day’s
march. Alum and charconl should be used.
Small charcoal or sandstone filters, with elastic
tubes (fig. 2) at the top, which draw water
through like siphous, or through which water
can be sucked, are extremely useful, and are
now much employed by ofticers. They have
been largely used by the French soldiers in
Algiers.  The Austrian soldiers were formerly
supplied with two boards pierced with holes,
and with compressed sponges between them,
anl they poured their water through this.
They also used sandstone and pumice-stones.

Soldiers should be taught that there is danger in drinking turbid water,
as they will often do when they are overcome with thirst. Not only all
sorts of suspended matters may be gnlped down, but even animals.  On
some occasions, the French army in Algiers has suffered from the men swal-
lowing small leeches, which brought on dangerous bleeding.  The leeches,
which are so small as to look merely like small bits of vegetable matter, fix
in the pharynx, the posterior nares, &c., more rarely in the larynx, causing
repeated haemoptysis epistaxis or asphyxia,

Fig. b. Fig. 6.

If water-carts or water saca are used, they should be rogularly inspected ;
every cart should have a straining filter of sand, through which the water
should pass, The carts and skins should he scrupulously clean. The water-
catriers, or bheesties, in India should be paraded every morning, and the
sources of water inquired into,
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When halting ground is reached, it may be necessary to filter the water.
A common plan is to carry a cask, charred inside, and pierced with small
holes at the bottom ; it is sunk in a small stream, and the water rises through
the holes. A hetter plan still is to have two casks, one inside the other; the

-outer pierced with holes at the bottom, and the inner near the top ; the space
between is filled with sand, gravel, or charcoal, if procurable ; the water risey
through the gravel between the barrels, and flows into the inner. In the
French army it is ordercd® that, if other means cannot be procured, fresh and
inodorous straw be taken, and chopped fine and pressed at the bottom of a
tub pierced with holes ; if possible, charcoal is to be intercalated among the
straw, Great care must be tuken to have the straw pure, and to change it
often.  Other simple plans are given in the drawings, which need Little
description. Figs. 3 and 4 speak for themselves,  Fig. 5 is a barrel connected
by a pipe with a supply ahove; the water rises through sand and charcoal,
and 18 drawn out above; the buarrcl is fixed on a winch, and the supply
pipe being removed, and the hole clused, a few turns of the handle clear the
sand.  Fig. 6 is a simpler contrivance, which may he made of wood or tin,

In the field, the medical officer may be sent on to give a report of the
quantity and quulity of any source. Before the troops arrive he should
make his arrangements for the different places of supply ; men and cattle
should be watered at different points ; places should be assigned for washing ;
and if removal of exereta by water be attempted, the excreta should flow in
far below any possible spring ; in the case of a spring, several reservoirs of
wood should be made, and the water allowed to flow from one to another—
the highest for men, the second for cattle.  If it is a running stream, localities
should be fixed for the special purpose ; that for the men’s drinking-water
should be highest up the stream, for animals below, washing lowest ; sentries
should be placed as soon as possible.  The distribution of water should be
regulated ; streams are soon stirred up,.nade turbid, and the water becomes
undrinkable for want, perhaps, of simple management.

‘Wherever practicable, the reservoirs or cisterns which are made should be
covored in ; even if it is merely the most flimsy covering, it is better than
nothing.

Iu sivges, the same general rules must be attended to.  The distribution of
the water should be under the care of a vigilant medical ofticer.  Advantage
should be taken of every rainfall; fresh wells should be dug early; it
necessary, distillation of brackish or sea water must be had recourse to.

SECTION V.

CONSEQUENCES OF AN INSUFFICIENT OR IMPURE SUPPLY
OF WATER.

Sup-SecTION I.-Ixsuxcplcax-:§r SuprLy.

The consequences cither of a short supply of water for domestic purposes,
or of dificulty in removing water which has been used, are very similar, On
this point much valuable information was collected by the Health of Towns
Comumission in their invaluable reports.t It was then shown that want of

® (C'ode ddes Officiers de Santé.  Par Didiot. P. 515.
1 First and Second Reports (with evidence) of the Health of Towns Commission, 1844 and 1845.
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water leads to impurities of all kinds ; the person and clothes are not washed,
or are washed repeatedly in the same water ; cooking water is used scantily,
or more than once; habitations become dirty, streets are not cleaned,
sewers become clogged ; and in these various ways a want of water produces
uncleanliness of the very air itself.

The result of such a state of things is a general lowered state of health
among the population ; it has been thought also that some skin diseases—
scabies, and the epiphytic affections especially, and ophthalmia in some—are
thus propagated. It has also appeared to me that the remarkable cessation
of spotted typhus among the civilised and cleanly nations is in part owing,
not merely to better ventilation, but to more frequent and thorough washing
of clothes. There is no doubt that the virus of this disease chiefly spreads
by the cutaneous exhalation and cuticle, and is well known to adhere very
strongly to clothes.

The deficiency of water leading to insufficient cleansing of sewers has a
great effect on the spread of typhoid, and of choleraic diarrhoea ; and cases
have been known in which outbreaks of the latter disease have heen arrested
by a heavy fall of rain.

Little is known with certainty of the effects produced on men by deficiency
in the supply of water. Under ordinary circumstances, the sensation of
thirst, the most delicate and imperative of all our feelings, never permits
any great deficiency for a long time, and the water-removing organs
eliminate with wonderful rapidity any excess that may bo taken, so as to
keep the amount in the body within certain limits. But when circum-
stances prevent the supply of water, it is well known that the wish to drink
becomes 8o great, that men will run any danger, or undergo any pain, in order
to satisfy it. The exact bodily condition thus produced is not precisely
known, but from experiments on animals and men, it would appear that a
lessened amount of water in the bady diminishes* the climination of the
pulmonary carbonic acid, the intestinal excreta, and all the important urinary
excreta. And it is probable, though not yet certain, that this arises from
ahsolute lessening of tissue metamorphosis. The precise alterations in nutri-
tion which ensue if the deficiency of water continues, have not yet been
indicated, but it is well known that complete doprivation of water and foold
leads to a much more early death than abstinence from food alone,

The more obvious effects produced on men who are deprived for some time
of water is, besides the feeling of the most painful thirst, a great lowering of
muscular strength and mental vigour. After a time, exertion hecomes almost
impossible, and it is wonderful to sece what an extraordinary change is pro-
duced in an amazingly short time if water can be then procured. The supply
of water becomes, then, a matter of the most urgent necessity when men are
undergoing great muscular efforts, as it is ahsolutely impossible that these
cfforts can be continued without it. If we reflect on the immense loss of
water by the skin and lungs which attends any great physical exertion, we
shall see that to make up for this loss is imperntive ; and it is very important
that this loss should be made up continually by small quantitios of water
being constantly taken, and not by a large amonnt at any one time. The
restriction of water by trainers is based on a misapprehension ; a little water,
and often, should he the rule. (Sec Exgrcise.)

In the case of soldiers the organisation for the supply of water should he
better than it is. At present every man earrios a water-hottle, holding about

}w:e q;}e‘&:rf’%eg?mh of Falek and Scheffer on animals, and of Masler on men and women, are
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13 to 2 pints; or in India, water-carriers (bheesties), with skins and water-
carts, follow each regiment. In the French army also, water-carts are in
waiting on each brigade. Such plans answer perfectly when there is no pres-
sure ; but the time when water is most needed is during rapid and prolonged
.movements and in action, when water-carts are left behind, and when men
oo often empty their water-bottles, or throw them away, to lessen the weight
they have to carry, It should be explained to the men that water will be
more necessary for them than even food, and that the benefit of a supply of
water will far more than compensate for the extra weight. The water-carts
should be superseded for the time by water-skins borne by horses or mules,
which can keep up with the men, and can, in action, pass from regiment to
regiment, and fill up the men’s bottles. "Whenever frosh ammunition is served
out, a water-carrier should be in attendance, and fill up the bottles while the
men receive their ammunition.

Excess in the supply of drinking-water will be likely to occur only when
it is used ag a modo of treatment (as in the water-cure), or when thirst is the
result of some special unknown conditions of the nervous system, leading to
dinbetes insipidus. In both cases there is incressed elimination and aug-
mented tissue metamorphosis, and loss of flesh and strength, unless the appetite
and the supply of food increases in a corresponding degree.®

Sus-Secrion I1.—ImMpure StreLy.

At present, owing probably to the impossibility of making analyses of
waters, the exact connection between impure water and discase does not stand
on 8o precise an experimental basis as might be wished. There are some
persons who have denied that even considerable organic or mineral impurity
can be proved to produce any bad effect ; while others have believed that rome
mineral ingredients, such as the carbonate of lime, are useful. One writer,
indeed, has proposed to add carbonate of lime to water, in order to supply
lime for hunes ; and even so excellent a writer as Johnston has supposed that
in Treland the deficiency of limo salts in the potato is supplied by the large
amount of lime in the water which, in so many parts of the country, is derived
from the mountain limestone. But as Boussingault’s experiments are not
so satisfactory as were formerly supposed, it is unlikely that this suggestion
will obtain much hearing, and the idea that the exclusive use of the potato is
rendered possible by the composition of the water does not seem likely to
find much favour.

It may be true that water containing a large quantity of organic matter, or
much sulphate of lime or magnesia, has heen used for long periods without
any ill effeets. The water of the Canal de I'Ourcq, which containg much
bicarbonate of lime, and some sulphate of lime and magnesia, was found hy
Parent-Duchételet to produce no bad effect, and Boudet has lately asserted
the same thing.

In some of these cases, however, very little careful inquiry has heen made
into the state of health of those using the water, and a general impression,
without a careful collection of facts, that most fallacious of all evidence, has
often hoen the only ground on which the opinion has been come to.  As well
observed hy Mr Simon, in one of his philosophieal Reports,t we cannot
expect to find the effect of impure water always sudden and violent ; its results

* The experiments of Béeker, Becher, Genth, Mosler, Lehmann, an
referrod to.
+ Second Annnal Report to the City of London, p. 121,
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are indeed often gradual, and may elude ordinary observation, yet be not the
less real and appreciable by a close inquiry. In fact, it is ouly when striking
and violent effects are produced that public attention is arrested ; the minor
and more insidious, but not less certain, evils are borne with the indifference
and apathy of custorn. In some cases it is by no means improbable that the
use of the impure water, which is supposed to be innocuous, has been really
restricted, or that experience has shown the necessity of puritication in somse
way. This much seems to be certain, that as precise investigations proceed,
and, indeed, in proportion to the care of the inquiry and the accuracy of the
chemical examination, a continually incrensing class of cases is found to be
connected with the use of impure water, and it seems only reasonable to infer
that a still more rigid inquiry will further prove the frequeney and importance
of this mode of origin of some diseasos.

Animal organic matter, especinlly when of fiecal origin ; vegetable organic
matter, when derived from marshes ; and some salts, are the principal noxious
ingredients.* -

Of the various mineral ingredients, the least hurtful substances appear to he
carbonate of soda and chloride of sodium, when not present in too great
quantity, Carbonate of lime, when not exceeding 12 to 16 grains per gallon,
is not usually considered unwholesome, though it remains to be seen whether
a more careful inquiry will not indicate some effeet on digestion or assimila
tion to be produced by the constant use of such a water.

The salts usually considered hurtful, except when in very small uantity,
are sulphates of lime and magnesia, chlorides of ealeivin and magnesium,
nitrates and nitrites, and butyrate of lime,

The most practical way of treating this subject at present seems to be to
enutnerate the diseases which have, on good evidence, been attributed to im-
pure water, and to select one or two examples of each case.  But I have
restricted myself entirely to drinking-water, and leave on one side, as too
uncertain for present discussion, the effect of impure water being used in the
making of bread, the brewing of beer, or the preparation of other articles of
food.

1. AFFECTIONS OF THE ALIMENTARY MUCOUS MEMBRANE.

It is reasonable to suppose that the impurities of water would be likely to
produce their greatest effect upon the membrane with which they come first
in contact, This is in fact found to be the case,

(a.) Symptoms which may bo referred to the convenient term dyspepsia,
and which consist in some loss of appetite, vague uneasiness or actual pain at
the epigastrium, and slight nausea and constipation, with occasional diarrho,
are caused by water containing any quantity of sulphate of lime, ¢hloride of
calcium, and the magnesian salts.  Dr Sutherland found the hard water of
the red sandstone rocks, which were formerly much used in Liverpool, to
have had a decided effect in producing constipation, lessening the secretions,
and causing visceral obstructions ; and in Glasgow, the substitution of soft
for hard water lessened, according to Dr Leech, the prevalence of dyspeptie
complaints. It is a well-known fact that grooms objeet to giving hard water
to their horses, on the ground that it makes the coat staring and rough—a
result which has been attributed to some derangement of digestion.  The
exact amount which will produce these symptoms has not been deter-

* The quantities of those substances which should not be exceeded in good d 'nk'r '
have been already given, as far as they can he stated at present. rirnking water
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mined, but water containing more than 8 grains of each substance
individually or collectively appears to be injurious to many persons.
This would correspond to about 10 degrees of permanent hardness. A
much less degree than this will affect some persons. In a well-water at
Chatham, which was found to disagree with so many persons that no one
would use the water, the main ingredients were 19 grains of carbonate of lime,
11 grains of sulphate of lime, and 13 grains of chloride of sodium per gallon,
The total solids were 50 grains per gallon. In another case of the same kind,
the total solids were 58 grains per gallon ; the carbonate of lime was 22 ; the
sulphate of lime 11, and the chloride of sodium 14 grains per gallon.
rganic matter produces no symptoms of this kind,

Iron, in quantities sufficient to give a slight chalybeate taste, often produces
slight dyspepsia, headache, and general malaire. Custom seems to partly
remove these effects.

Diarrheea has been known to be produced by many conditions,

(u.) Suspended Mineral Substances—Clay, marl—as in the cases of the water
of the Mississippi, the Missouri, Rio Grande, Kansas,* of the Ganges, and
meny other rivers, which at certain times of the year produce diarrhcea,
especially in persons unaccustomed to the water. Hammond states that the
diarrhoea sometimes ends in ulceration.

(b.) Suspended Animal, and especiully Fewcal Matters, have produced
diarrhcea in many cases ; such water always contains dissolved organic mat-
ters, to which the effect may be partly owing. The case of Croydon in 1854
(Carpenter) is one of the most striking on record. In cases in which the
water is largely contaminated with sewage, it is important to observe that the
symptoms are often markedly choleraic (purging, vomiting, cramps, and
even some loss of heat). This point has been lately again noticed by
Oldekop of Astrachan,t who found strong choleraic symptoms to be produced
by the water of the Volga, which is impregnated with sewage.

Suspended animal and vegetable substances, washed off the ground by
heavy rmain into shallow wells, often produce diarrhaa, as at Prague in 1860,
when an endemic of * catarrh of the alimentary canal” was produced by
heavy floods washing impurities into the wells.3

(e.) Suspended Vegetable Substances.—1In this country, and also in the pre-
sent American war, several instances have occurred of diarrhuea arising from
the use of surface and ditch water, which ceased when wells were sunk ; pos-
sibly there might be also animal contamination. 1t is not, therefore, quite cer-
tain that suspended vegetable matter was the vera causa.

(d.) Dissolved Animal Organie Matter—The opinion is very widely diffused
that dissolved and putrescent animal organic matter to the amount of 3 to 10
grains per gallon will produce diarrheea. This is no doubt correct, but two
points must be conceded—1st, That there are usually other impurities which
aid the action of the organic matter ; and 24, That organic matter, even to
the amount of 10 to 15 grains per gallon, may exist without bad effects. In
the latter case the water is, however, always clear and sparkling, never tainted
or discoloured, and it may be perhaps inferred that such organic matter is not
undergoing those rapid fermentative or putrefactive changes which appear to
be so0 pernicious. The frequent presence of other impurities render it difficult
to assign it exact influence to dissolved organic matters ; for example, in the
shallow well waters of London, many of which are very unwholesome (Letheby),
there are other impurities besides orgaiiic matter.

® Hammond’s Hygiene

w. 218. t Virchow’s Archiv. band xxvi. p. 117.
1 Canstatt's Jahresb, 1862, vol. ii. p. 81.
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In the case of a well ventilated court in Coventry,* where diarrhcea was
constantly present, the water contained 5°68 grains per gallon of volatile and
combustible matter, but then it contained also no less than 105 grains of
fixed salts, which, as the water had a permanent hardness of 51°6 (Clark’s
scale) after boiling, must have consisted of sulphates and chlorides of calcium
and magnesium. It also contained alkaline salts, nitrates, and ammonia. The
composition was therefore so complex that it is difficult to assign its shares to
the organic matter.

The animal organic matter derived from graveyards appears to be especially
hurtful ; here there are also often nitrites of ammonia and lime also present.

(e.) Dissolved Vegetable Matter.—There is no evidence at present to show
that this produces diarrhcea.

(f.) Feotid Gases.—Water containing much sulphuretted hydrogen will
give rise to diarrhces, especially if organic matter be also present. In the late
Mexican War (1861-62), the French troops suffered at Orizaba from a pecu-
liar dyspepsia and diarrheea, attended with immense disengagement of gas
and enormous eructations after meals, The eructed gas had a strong smell
of sulphuretted hydrogen.t This was traced to the use of water from sul-
phurous and alkaline springs; even the best waters of Orizaba contained
organic matter and ammonia in some quantity.

The absorption of sewer gases, as when the overflow-pipe of a cistern opens
into the sewers, will cause diarrheea. This seems perfectly proved by the case
recorded by Dr Greenhow, in Mr Simon’s second report.f All the conditions
of an exact experiment seem to havo been here fultilled. In the jail at Sal-
ford, two bodies of men, viz., the prisoners, 466 in number, and the officers
and members of their families, 53 in number, were distributed throughout
the jail, and were under the same conditions of weather, lodging, &c. Yet,
of the former, 266, or 57 per cent., were attacked with sudden diarrheea, of a
choleraic type, while, of the latter body, not one was attacked, although, had
the proportion been the same, 30 should have been taken ill. As the attack
was remarkably sudden and ovanescent, it was a case of poisoning of some
kind. The cause was not in the air, for both classes were on a par in that
respect ; the food of the prisoners was examined, and was found to be good ;
the only other probable channel of the poisonous agent was the drinking
water. It was discovered that, while the water was derived from the same
source, the officers used the water of one cistern, and the prisoner’s food was
cooked with the water of another covered cistern, the untrapped overflow
pipe of which communicated with a common sewer. On the day of the out-
break, this water was noticed to be less light, to have a yellow colour, and a
somewhat unpleasant taste. Although the water was not further examined,
there can be no doubt it was the cause of the attack, which ceased almost as
rapidly as it commenced, on the cistern being emptied, and the pipe trapped.§
There seems no point of evidence wanting here, either positive or negative, to

® Greenhow, in Second Report of the Medical Officer of the Privy Council, 1860, P 75.
1 Poncet, in Rec. de Mem. de Med. Mil. 1863, p. 218. The exact w are ‘‘une odeur
d'acid sulfurique,” but “ sulfhydrigue” must be meant.
 Second Report of the Medical Officer of the Privy Council, Parl. Paper, 1860, p. 153.
c‘!& Tha mtingotrh tl:ethn:@baﬁon, 80 'al) speak, of tl:lt: mmk{ (gw dinrr;x::k in !lv;ll own in this
ran af cause was only acting on the of outl the following num-
berw come out :—OQut of 100 sick y y ’ 01'1 ¢
;313'68 per cent. fell sick within 24 hours.

”» y»  in the second 24 hours.
2-63 »” »” » third »”
1-87 » ” » fourth

075 ’ h
The rapidity with which this cause of disease Alwuy; seemns to act is very remarkable.
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fix the cause in the water, and that the impurity of the water was from the
sewer gases, is really as certain.

(9.) Dissolved Mineral Matters, if passing a certain point, produce diarrheea.
Boudin refers to an outbreak of diarrheea at Oran, in Algiers, which was dis-
tinctly traced to bad water, and ceased on the cause being removed ; the com-
position of the water is not explicitly given, but it contained lime, magnesia,
and carbonate of soda. Sulphates of lime and magnesia also cause diarrhoea,
following sometimes constipation. ‘The selenitic well waters of Paris used to
have this effect on strangers. Parent Duchatelet* noticed the constant
excess of patients furnished by the prison of St Lazare, in consequence of
diarrheea, and he traced this to the water, which “ contained a very large pro-
portion of sulphate of lime and other purgative salts ;” and he tolls us that
Pinel had noticed the same fact twenty years before in a particular section of
the Salpétriere. In some of the West Indian stations, the water drawn from
the calcareous (so-called Parian) formation has been long abandoned, in con-
sequence of the tendency to diarrheea which it cansed.

Nitrate of lime waters also produces diarrhcea, A case is on record, in
which a well water was obliged to be disused, in consequence of its impregna-
tion with butyrate of lime (105 grains per galion), which was derived from a
trench filled with decomposing animal and vegetable matters. Both men and
beasts were affected with diarrheea from its use.t

Brackish water (whether rendered so by the ses, or derived from loose
sands) produces diarrhoea in a large percentage of persons, and at some of the
Lape frontier stations water of this kind formerly caused much disease of this
kind. In awater I examined, which became brackish from sea water, and which
produced diarrheea in almost all persons, I found the amount of chloride of
sodium to be 253 grains per gallon, But, doubtless, a much less quantity
than this, especially if chloride of magnesium be present, will act in this way.

(h.) Metallic Impregnation.—OQccasionally animal organic matter acts in an
indirect way, by producing nitrites and nitrates, which act on metals.

Dr Beedeker,} a physician in Witten, was called to some cases of sickness
produced, apparently, by water. On examining the point, he found the
water was drawn from a pump with a copper cylinder, and it was after it had
stood for some time in the pump that it was hurtful. Greens boiled in this
water acquired a beautiful green colour.

The water was found to contain a considerable quantity of copper, which
seemed to be in combination with some organic matter, and the solution was
aided by the large amount of nitrates which are produced by passage of ex-
creta into the water, and subsequent oxidation.

Lead (as might have been anticipated) was also largely present in this
water, when leaden pumps were used ; iron, on the contrary, was not dis-
solved.

Dysentery.—Dysentery also is decidedly produced by impure water, and this
(f:;:tso ranks high in the etiology of dysentery, though perhaps it is not the

Several of the older army-surgeons refer to this cause. Pringle does so
several times, and Donald Monro, in the Campdigns irf Flanders and Germany.
In the West Indies, Lempriere,§ in 1799, noticed the increase of bowel com-
plaints in Jamaica in May, when, after floods, the water was bad and turbid,
“and loaded with dirt and filth." He also mentions, that at Kingston and
Part Royal, the dysentery was owing to brackish water. It was not, how-

+ Zeitachrift fiir Hygiene, vol. i. p. 168,

* Hygiéne Publique, t. i. p. 236,
A Boitrigs, Bott iv. p. 49, § Vi p. 2.
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ever, for many years after this that fresh sources of water were sought_for in
the West Indies, and that rain water began to be used when good spring or

river water could not be got. .

Davis* mentions as a curious fact, in reference to the West I'ndnw, thn't
ships’ crews, when ordered to Tortola, were “ invarinbly seized with ﬂuxe‘o, "
which were caused by the water. But the inhabitants who used tank (i..
rain) water were free ; and so well known was this, that when any resident at
Tortola was invited to dinner on board a man-of-war, it was no unusual thing
for him to carry his drinking-water with him. .

The dysentery at Walcheren, in 1809, was in no small degree owing to the
bad water, which was almost everywhere brackish. .

The epidemic at Guadaloupe in 1847, recorded by Cornuel, scems also quite
conclusive as to the effect of impure water in causing, not merely isolated
cases, but a widespread outbreak.+

In 1860, at Prague, therc were many cases of dysentery, clearly traced to
the use of water of wells and springs rendered foul by substances washed into
the water by heavy floods. Exact analyses were not made.

On the West Coast of Africa (Cape Coast Castle), an attack of dysentery
was traced by Assistant-Surgeon Oakes to the passage of sewage from a cess-
pool into one of the tanks. ¢ This was remedied, and the result was the
almost total disappearance of the disease.”

That in the East Indies a great deal of dysentery has been produced by
impure water, is a matter too familiar alinost to be mentioned. 1ts constant
prevalence at Secunderabad, in the Decean, appears to have been partly owing
to the water which percolated through a large graveyard. Une of the
rources of water contained 119 grains of solids per gallon, and, in some in-
stances, there were 8, 11, and even 30 grains per gallon of organic matter.
(Indian Report, p. 44.) .

The great effect produced by the impure water of Calcutta in this way has
been lately pointed out by Chevers. (Indian Annals, No. 17, p. 70, 1864.)

In time of war this cause has often been present, and the great loss by
dysentery in the Peninsula, at Ciudad Rodrigo, was partly attributed by Sir
dJ. M‘Grigor to the use of water passing through a cemetery where nearly
20,000 bodies had been hastily interred.

The impurities which thus produce dysentery appear to be of the same kind
a8 those which cause the allied condition, diarrhcea. Suspended earthy
matters, suspended animal organic matter, sulphates and chloride of lime and
magnesium, nitrates of lime and ammonia, large quantities of chloride of
sodium and magnesium in solution, appear to be the usual ingredients ; but
there are few perfect analyses yet known.

The observations which prove so satisfactorily that the dysenteric stools can
propagate the disease, make it probable that, as in the case of typhoid fever
and cholers, the accidental passage of dysenteric evacuations into drinking-
water may have some share in spreading the disease,

2. AFPECTION OF OTHER MUCOUS MEMBRANKES BESIDES THE ALIMENTARY,

Little has yet been done to trace out this point. At Prague, after the
severe flood of 1860, bronchial catarrh was frequent, probably caused chiefly
by the chills arising from the great evaporation; but it was noticed that

. : g;:e the ?;nlcl‘n,eretxlil Feve;, P 1oby in the
1 review e anthor on Dysentery, in the British and F\ Medical .
urgical Review for 1849, for fuller detalls of?i:ia epidemic, #nd Forslgn ol wnd, Chi
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bronchial catarrh was most common when the drinking-water was foulest and
produced dysentery. Possibly the bronchial and the urinary mucous mem-
branes may also suffer from foul water; the point is well worthy of close
investigation.

3. SPECIFIC DISEASES.

That some of the specific diseases are disseminated by drinking water is a
fact which has only attracted its due share of attention of late years. It is
certainly one of the most important steps in Etiology which has been made in
this century.

Malarious Fevers.—Hippocrates states that the spleens of those who drink
the water of marshes become enlarged and hard ; and Rhazes not only asserted
this, but affirmed that it generated fevers. Little attention seems to have
been paid to this remark, and in modern times the opinions of Lancisi, that
the air of marshes is the sole eause of intermittents, has been so generally
adopted, that the possibility of the introduction of the cause by means of
water, as well as air, was neglected. Still it has been a very general belief
amoung the inhabitants of marshy countries, that the water could produce
fover. Henry Marshall* says that the Singhalese attribute fevers to impure
water, “ especially if elephants or buffaloes have been washing in it,” and it
is to be presumed that he referred to periodical fevers. On making some
inquiries of the inhabitants of the highly malarious plains of Troy during the
Crimean war, I found the villagers universally stated, that those who drank
marsh water had fever at all times of the year, while those who drank pure
water only got ague during the late summer and autumnal months, The same
belief is prevalent in the south of India, and in Western Candeish, Canara, Bala-
ghut and Mysore, to the deadly Wynaad district, it is stated by Mr Bettington
of the Madras Civil Service, that it *is notorious that the water produces
fever and affections of the spleen.” The Essay by this gentlemant gives,
indeed, some extremely strong evidence on this point. He refers to villages
placed under the same conditions as to marsh air, but in some of which fevers
are prevalent ; in others not ; the only difference is, that the latter are supplied
with pure, the former with marsh or nullah, water full of vegetable debris.
In one village there are two sources of supply,—a tank fed by surface and
marsh water and a spring; those only who drink the tank water get fever.
In a village (Tulliwaree) no one used to escape the fever ; Mr Bettington dug
a well, the fever disappeared, and, in the last fourteen years, has not returned.

Another village (Tambatz), was also “notoriously unhealthy,” a well was dug,
and the inhabitants became healthy. Nothing can well be stronger than the
positive and negative evidence brought forward in this paper ; and Mr Betting-
ton seems quite justified in asserting, that as the malaria, however deadly, is
only in action for a short period, the health of the people is far more affected
by the water they drink than by the air they hreathe.

In the “Iandes” (of south-west France), the water from the extensive
sandy plain contains much vegetable matter, which it obtains from the vege-
table deposit, which binds together the siliceous particles of the subsoil. It
has & marshy smnell, and, according to Fauré, produces intermittents and vis-
ceral engorgements.

The same facts have been noticed in this country. Twenty years ago Mr
Blower of Bedford mentioned a case in which the ague of a village had been
much lessencd by digging wells, and he refers to an instance in which, in the
parish of Houghton, almost the only family which escaped ague at one time

Topography of Ceylon. p. 52. + Indian Aunals, 1856, p. 526.
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was that of a farmer who used well water, while all the other persons drank
ditch water.* ca ey . :

At Sheerness the use of the ditch water, which is highly impure with
vegetable debris has been also, with great probability, considered to be one of
the chief causes of the extraordinary insalubrity.t

At Versailles a sudden attack of ague in a regiment of cavalry was traced
to the use of surface water taken from a marshy district.}

The case of the Argo, recorded by Boudin§ is an extremely stroug one. In
1834, 800 soldiers in good health embarked in three vessels to pass from
Bona in Algiers to Marseilles, They all arrived at Marseilles the same day.
In two vessels there were 680 men without a single sick man. In the third
vessel, the Argo, there had been 120 men ; thirteen died during the sho.rt
passage (time not given), and of the 107 survivors no less than 98 were dis-
embarked with all forms of paludal fevers, and as Boudin himself saw the
men, there was no doubt of the diagnosis. The crew of the Argo had not a
single sick man.

All the soldiers had been exposed to the same influences of atmosphere
before embarkation. The crew and the soldiers of the Argo were exposed to
the same atmospheric condition during the voyage ; the influence of air scems
therefore excluded. There is no notice of the food, but the production of
malarious fever from food has never been suggested. The water was, how-
ever, different—in the two healthy ships the water was good. The soldiers
on board the Argo had been supplied with water from a marsh, which had a
disagreeable taste and odour ; the crew of the Argo had pure water. The
evidence seems here as nearly complete as could be wished.

One very important circumstance is the rapidity of devclopment of the

malarious disease and its fatality. It is the same thing as in the case of
diarthees and dysentery. Either the febrile cause must be in larger quantity
in the water, or, what is more probeble, must be more readily taken up into
the circulation and carried to the spleen, than when the cause enters by the
lungs,
In opposition, however, to all these statements must be placed a remark of
Finke's,|| that in Hungary and Holland marsh water is daily taken without
injury. But in Hungary, Dr Grosz states that, to avoid the injurious effects
of the marsh water, it is customary to mix brandy with it, *a custom which
favours hypertrophies of the inner organs.§

Typhoid Fever.—The belief that typhoid fever can spread by means of
water as well as air appears to be quite of modern origin, though some epide-
mics, such as the * Schleim-fieber” of Gottingen in 1760, were attributed in
part to the use of impure water. In 1822, %Vulz affirmed that an outhreak
of “ typhus” (typhoid) at Saarlouis, in Rhenish Prussia, was caused by impure
water ; and in 1843, Miiller discovered that 129 cases of typhus abdominalis
(typhoid), and 21 deaths which occurred in the garrison at Mayence, were
produced by frecal matter passing into the drinking water, which had a dis-
agreeable putrid smell. In 1848, E. A, W, Richter published an account of
an outbreak of the same kind which occurred in a school at Vienna, from the

} Tn 1ot posibie that the great dectine o sgues 1 Egiens b pornts B
n ec in an ly due to a purer drink-
ing water being now used? Formerly, there can be little doubt, when {heu wusgotguhd
lnm{ and much fewer wells uhted: the &o&hﬂ must have taken their supply from surface
o ons and ditches, as do now, or Iately, at Sheerness.
Grainger's Report on Cholers. A; x (B), p-ieﬂb; foot-note,
Taité de Geographie t do Statist qus Médicales, 1857, 't. 1. p. 142,
| Oesterlen’s Hand .darH{ngiue. edit, 1857, p. 120; foot-note.
§ Quoted A Wutzer Reine iri den Orient Europes, hand i. p, 101,
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contents of a sewer passing into the drinking water.* In 1852, Dr Austin
Flint+ published the particulars of a single outbreak of typhoid fever at the
hamlet of North Boston (Erie, U.8.) in 1843, In this case the disease was
clearly introduced into a perfectly healthy village by a stranger who arrived
ill at an inn, and there died on the 19th October. A very large proportion
(28 out of 43 persons, forming 10 families) of the inhabitante became very
rapidly affected with typhoid fever, and all those attacked used the water of
the inn well Three families only out of the ten in the village entirely
escaped. Two lived at a distance, and had their water from other sources ;
and the other, who lived close to the inn, was at feud with the innkeeper, and
had his own well. 8o strongly did the belief that the well water of the inn
caused the disease to take root in the little community, that the man who,
living close to the inn, yet escaped, was accused of poisoning the inn water,
and an action for slander was obliged to be brought by him. On subsequent
analysis the water wes found to be quite pure, but this appears to have been
sometime after the severity of the outbreak. The dafes of attack of 156
cases are known: 6 occurred between the 14th and 20th of October; 6
between the 20th and 30th ; and 3 between the 1st and 8th of November.
The rapidity with which the disease spread, and its extent (65 per cent. of
the population being affected) is not like the ordinary rather slow propagation
of typhoid through the air. Certainly, although the evidence is not perfect,
it seems extremely probable that the well water of the inn was the main
medium of the dissemination.

In 1852-53, a severe outbreak of typhoid fever took place at Croydon, and
was thoroughly investigated by many competent observers ; and it was shown
by Mr Carpenter of Croydon, that it was partly, at any rate, spread by the
pollution of the drinking water by the contents of cesspools,

In 1856, Dr Routh} published a case in which the evacuations of a typhoid
patient were thrown into a closet, the pipe of which passed directly into the
cistern of the drinking water, in a well-ventilated house at Hastings, No less
than eight persons were affected with more or less typhoidal symptoms ; many
of these had not been brought into uny personal contact with the sick person.

In 1859, Dr. W, Budd§ published two very conclusive cases, in which well
water was contaminated by sewage.

There is no satisfactory evidence that typhoid stools had been in the sewage
matter, but their presence is not excluded. I learn, from personal communi-
cation with Dr. Budd, that he has long been convinced of the occasional
propagation of typhoid fever in this way.

In 1860, an outbreak of typhoid fever occurred at the Convent of Sisters of
Charity at Munich. 31 persons out of 120, were attacked between the 15th
September and the 4th of October, with severe illness, and 14 of these
cases were true typhoid ; 4 died  The cause was traced to a well impregnated
with much organic matter, and containing nitrates and lime. On the cessation
of the use of this water, the fever ceased. ||

The propagation of typhoid fover in Bedford, would certainly appear, from
Mr Simon’s report,§ to have been partly through the medium of the water.

All these cases are related by Riecke in his excellent work * Der Kriegs-und Friedens
Typhus.” Nordhausen, 1850, pp. 44-68.
Clinical Reports on Continued Fever, By Austin Flint, M.D. Buffalo, 1862, p. 380.
" Frecal Fermentation as a Cause of Disesse, Pamphlet, Lond. 1856, p. 34.
Lancet, Oct. 29, 1869, p. 432.
_minbumh Medical Journal, Jan. 1862, p. 1153,
Thind Report of the Medical Officer of tﬁe Privy Council, 1860
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Dr. Schmit* has for several years paid ‘particular attention to this point,
and in 1861 published the following cases :—

In Colmar in Berg, an attack of adynamic ataxic febrile disease, diagnosed
as typhoid, occurred in 105 persons, and 12 died. .

The course was that of abdominal typhus.

The disease commenced in a house where the sewage matter flowed on to a
dung-heap, and then into the well ; the water smelt badly, and sewage was
seen in it. It was certain that the disease commenced in and spread from
that house ; all attacked belonged to, or had nursed, or in some way attended
in the house. .

In 1844, a family of 6 persons, at Ettelbruch, all fell ill nearly at the same
time with typhoid. A month before, the next-door neighbour had made his

1 deeper, and since then, faeces had passed from the cesspool into the
well of the next house, and corrupted the water,

In 1855, the sister and the maid of a minister were simultaneously attacked
with typhoid. The water of the well had a bad taste aud smell, and Schmit
found that the dirty water of the kitchen passed into the well.  The minister
who had drunk very little water, but took wine, escaped.

In March 1855, in Bomtscheid, 5 persons fell ill of typhoid ; the well had
become contaminated with sewage.

In May 1856, nearly all the inmates, 10 in number, in the house of Herr
G. at Burdeu, fell ill of very severe typhoid. Here the water had become
contaminated with all sorts of substances thrown from the kitchen into the
swine’s trough, and which were decomposing in many cases.

In a house in Ettellruch, in 1855, 1856, and 185Y, cases of typhoid fever
occurred.  Here sewage had found its way into the well.

Among a body of workmen in Ettellruch, typhoid prevailed in 1854 and
1856. Here also the sewage matter had passed into the drinking water, and
when this was remedied, the typhoid fever disappeared.

In 1857, almost simultaneously, the entire household of H. G. fell ill of
typhoid. H. G. was the only person who eseaped ; and he drank wine, and
no water. Sewage matter had penetrated into the drinking water.

In several of these cases the disease was confined to a single house, and the
greater number of persons in the house were affected. Nothing is said about
the incubative period.

A case bearing on the same point was brought hefore the Metropolitan
Officers of Health in 1862,4 by Mr Wilkinson of Sydenham. In this case
the water was contaminated by absorption of sewer gases.

That water may be the medium of propagating typhoid, thus secems to be
proved hy tolerably fair evidence ; and it has leen admitted by men who had
paid special attention to this subject, as Jenner, W. Budd, and Simon. 1t
does not seem unlikely, indeed, that this mode of spreading will be found to
be far more common than is supposed.

Two questions arise in connection with this subject—

1. As typhoid fever undoubtedly spreads also through the air, What is the
proportion of cascs disseminated by water, as compared with those dissemi-
nated by air? No answer can yet be given to this question. Dr W. Budd
is inclined to think that the cases of water propagation are numerically small,

There is one point of some intercst. When the dates of attacks are given,
it is curious to observe how short the incubative period appears to be, while

0. de Med. de Bruxelles, Sept 1861 ; and Canstatt's Jahresh. foy 1861, band iv. p.
t British Medical Journal, March 1, 1862.
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it is probable that it takes many days (8 to 14) after the typhoid poison has
entered with the air before the early malaise comes on ; in some of the cases of
typhoid brought on by water, two or three days only elapse before the symptoms
are marked.* In the one case, it may be readily supposed that the poisoning

' substance, entering with the air into the mouth, and being then swallowed,
is in much smaller quantity than when taken in the drinking water, and its
effect on the intestinal membrane is slow in proportion.

A very large proportion also of the susceptible persons who drink the water
is affected.

2. Will decomposing sewage in water produce typhoid fever, or must the
evacuations of a typhoid patient pass in? This is part of the larger question
of the origin and propagation of specific poisons. 1t ix certainly remarkable,
in the range of cases recorded by Schmit, how uniformly the possibility of
the passage of typhoid stools is disregarded. Everything is attributed to
feecal matters merely. But this may have been an oversight. The opinion
that the stools of typhoid are the especial carriers of the poison was first, I
believe, explicitly stated by Canstatt,t and has been also ably argued by W.
Budd. Whether or not the special putrefactive change going on in these
evacuations can be communicated to other organic matter out of the body, is
not certain ; but it is probable that in the body it must meet with a fit nidus,
such as the Peyerian glands of & young person, before it can act.

Clolera.—None of the earlier investigators of cholera appear to have
imagined that the specific poison ever found entrance by the means of
drinking water. The only intimation of the kind I bave ever seen is in a
remark by Dr Miiller.}

In 1849, the late Dr Snow, in investigating some circumseribed outhreaks
of cholera in Horsleydown, Wandsworth, and otHer places, came to the con-
clusion that, in these instances, the disease arose from cholera evacuations
finding their way into the drinking water. Judging from the light of subse-
quent experience, it now seems extremely probable that this was the case, but
certainly, at first, the evidence was very defective.§ Gradually, however,
fresh instances were collected, and in 1854 occurred the celebrated instance
of the Broad Street pump in London, which was investigated by a com-
mittee, whose report, drawn up by Mr John Marshall, of University College,

* Dr W. Budd says in a letter to me—‘‘ In the cases in which the poison is conveyed by
water, infection seems to be much more certain ; and I have reason to think that the period of
incubation is materially shortened. An illustration of this seems to be furnished by the me-
morable outbreak which occurred at Cowbridge some yeatrs ago, and which presented this unex-
ampled fact ; that out of some 90 or 100 persons who went to a race ball at the principal inn
there, more than 4d were within a short time laid up with the fever. In this case, there
was -innt:gnct?r) reason o think that the water was contaminated, though there was no chemical
exam on,"”

t ¢ Wahrscheinlich sind die Exhalationen des Krankes, scine Excremente, vielleich dis

[} aftergebilde im Darme, die Triger des Contagiums.” —Canstatt, Spec. Path. und Ther.
94 odit, bend 1. p. 672 (1847). el b
iEinige Bemerkungen fiber die Asiat. Cholera. Hannover, 1848, p. 36.

There seemed at once an @ priori argument adverse to this view, as, at that time, all evi-
dence was against the idea of cholera evacuations being sapable of causing the disease. ¥y
had been tasted and drank {in 1832) by men, and been given to animals, without eflect.
Persons inoculated themselves in dissections constantly, and bathed their hands in the flnids of
the intestines ; in India, the pariahs who remnove excreta, and everywhere the washerwomen
who washed the clothes of the aick, did not especially suffer. And to thess ai ents must be
added the undoubted fact, that there were serious deficiencies of evidence in Dr Snow's earl
cases, (See review by the author in the ‘¢ British and Foreign Medical Chirurgical Review,” April
1856.) Add to this the unfortunate circumstance, that Dr Snow, with all the enthusiasm of
8 discoverer, adopted the view that cholera entered only by means of water, and not at all by
air, an hy, s which is quite irreconcilable with the history of chol and thereby

created at once a prejudice against his view, and it is no wonder that this mode of
ontrygdneduttle'::r";dm.g ™ ° ° e
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with great logical power, contains the most convincing evidence that, in that
instance, at any rate, the poison of cholera found its way into the body
through the drinking water.* .

In 1855, Dr Snow published @ second edition of his book, giving an ac-
count of all the cases hitherto known, and adding some evidence also as to
the introduction in this way of other specific poisons.t

The facts, at present, may be briefly summed up as follows :—

1. Local outbreaks, in which contamination of the drinking water was
proved, or was very probable, such as those at Horsleydown, Broad Street,
‘Wandsworth, West Ham, &c., in England. In India, Mouat records a case
of a very severe outbreak among soldiers who drank the water of a tidal
stream.  (Indian Report, p. 47.)

2. More general attacks, in which districts supplied with impure water by
a water company have suffered greatly, while other districts in the same locality,
and presenting, otherwise, the same conditions, were supplied with pure water
and suffered very little. Thus the Registrar-General has shown that the dis-
tricts supplied in 1853 by the Lambeth Company with a pure water, and
part by the Southwark Company with an impure water, suffered much less
than the districts supplied by the latter company alone (the proportion was
61 and 94 cases respectively to 100,000 of population); and Dr Snow has
shown, by a most elaborate inquiry, that in the districts partly supplied with
pure water by the Lambeth Company, and partly with impure water by the
Southwark, the attacks of cholera were chiefly in the houses supplied by the
latter water.

Thus, in four weeks, in 1853, in this district, there were 334 deaths, Of
these, no less than 286 deaths occurred in 40,046 houses supplied with the
impure water of the Southwark Company, or 71 to 10,000 houses, and only
14 deaths in 26,107 houses by the Lambeth Company, or 5 to 10,000 houses;
in the other cases, the water was drawn from other sources.

This is as complete as any inquiry of the kind can be made, for we must
assume that all the other conditions of the houses were equal. Granting
this, it shows either that the water contained the poison, or predisposed the
system to be more easily acted upon by it.

3. Instances in which towns which could not have had water contami-
nated with sewage have escaped, and instances in which towns which have
suffered severely in one epidemic have escaped a later one, the only difference
being that, in the interval, the supply of water was improved. Exeter, Hull,
and Newecastle-on-Tyne, Glasgow, Moscow, are instances of this. Two very
good cascs are related by Dr Acland.i The parish of 8t Clement was sup-
plied in 1832 with filthy water from a sewer-receiving stream. In 1849 and
1854 the water was from a purer source, In the first year, the cholera mor-
tality was great; in the last year's, insignificant. Two jails were near each
other ; the one suffered, the other not; the water was impure in one case,
from drainage, pure in the other. The jail with bad water having got a fresh
supply, the cholera did not appear in the next epidemic.

In looking back, with this new reading of facts, it would seem that some
older reported cases of sudden cessation of cholera can be explained, such as

* Report on the Cholera Outbreak in St James’, Westminster, in 1854. London, Churchill,
1855, Every J»oint is discussed in this report with a candour and precision which leaves
tdxg:h'lxghg mt;n he asg-;g. For further evidence see Indian Sanitary Report : evidence of Dr Dun-

son, p. 3
815011 the Mode of Communication of Cholera. By John Snow, M.D. Lundon, Churchill,

1855,
2 Cholera in Oxford.
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the case of Breslau, in 1832, when the shutting up of a pump was followed
by the very rapid decline of the disease, Doubtless, however, in other cases
the causes of the cessation are different; heavy rain, by cleansing air and
sewers, and by stopping the evolution of effluvia, will sometimes as suddenly
arrest cholera.

So, also, other curious facts in the history of cholera become explicable.
The prevalence of cholera in Russia, with an out-door temperature below zero
of Fahr., has always seemed an extraordinary circumstance, and it appeared
only possible to explain by supposing that, in the houses, the foul air and the
artificial temperature must have given the poison its necessary conditions of
development. But Dr Routh has pointed out * that, in the poorer Russian
houses, everything is thrown out round the dwellings; then, owing to the
cold, and the expense of bringing drinking water from a distance, the in-
habitants content themselves with taking the snow near their houses and
melting it. It is thus easy to conceive that, if cholera evacuations are thus
thrown out, they may be again taken into the body. This is all the more
likely, as cholera stools bave little smell or taste, and, when mixed even in
large quantity with water, are indetectable by the senses.

No decided evidence has yet been given from India on this point, but many
of the exceedingly sudden outbreaks in that country would be more easily
accounted for in that way than by supposing the air alone carried the
poison.t

In certain extremely rapid and fatal outbreaks, as, for example, in the case of
the French Division in the Dobrudscha in 1855, when the wells were thought
to be poisoned, the introduction was probably chiefly by means of water. In
the cholera at Devna, in the English army, Dr Cattell, of the 5th Dragoon
Guards, states, in an essay 1 had the opportunity of reading, that the river
which formed the chief supply of water for the camp was a frequent cause.
Into this river offal was thrown ; the slaughter-house was on its banks ; and
men and women bathed in it above the source of supply.

It seems on the whole most probable that the cholera evacuations, either
at once or after undergoing, as supposed by Pettenkofer and Thiersk, some
fermentative change, pass into drinking water or float about in the atmo-
sphere,  In either case they are received into the mouth and swallowed, and
produce their effects directly on the mucous membrane, or are absorbed into
the blood. The relative frequency of each occurrence, the incubative period,
and the severity.of the disease produced, are points still uncertain, but at pre-
sent the communication through the air appears to be most common. This
may, however, be merely from deficient observation,

In addition to the production of cholera from drinking water containing
the cholera stools, it has been supposed that the use of impure water of any
kind predisposes to cholera, though it cannot absolutely produce the disease.
The facts already quoted on the influence of the Lambeth water seems to
support this view. 1f the water acts in this way, it can only be by causing
a constant tendency to diarrhewes, or by carrying into the alimentary canal or-
ganic matter which may be thrown into special chemical changes by a small

quantity of cholera poison, which has been introduced with air or food and
swallowed.

* Fmeal Fermentation, p. 24, .

1 Dr MWilliam (Report on Epidemics, Eps Soc. Trans. vol. i. p. 274) states that a

neral jon existed among the army medical officers, that the great cholera outbreak of
860 and 1861, in the north.west of India, was in part attributable to the impurity of the tank

water, ‘‘into which the general ardure of the natives in cantonment is washed during the rainy
semson.”
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Yellow fever.—As, like dysentery, typhoid fever, and cholera, the aliment-
ary mueous membrane is primarily affected in yellow fever, there is an a priord
probability that the cause is swallowed slso in this case, and that it may
possibly enter with the drinking water. But no good evidence has been yet
brought forward.

Boudin* quotes a case from Rochard in which a French frigate (in 1778)
took in water at San Jago, where yellow fever prevailed. Several days after-
wards yellow fever broke out with such violency, that two-thirds of the crew
were attacked. “ And the proof that the only cause was the water,” says
Rochard, “was that the persons living with the captain had with them jara
filled with water from Europe, and all escaped.” Boudin very properly ob-
serves, that this evidence is very defective ; but yet we must remember how
completely the propagation of marsh and typhoid fevers, and of cholera b
water, has been overlooked, and how exactly this sudden and extensive attac
resembles the case of the Argo.

The Barrack Comuiissioners have also directed atiention to the fact of the
great impurity of the water at Gibraltar at the time of the yellow fever epi-
demic.

The other Zymaotic Diseuses.—No other evidence has yet been given that
any other of the specific diseases are propagated in this way.

4. DISEASES OF THE SKIN.

A curious endemic of boils occurred in the vicinity of Frankfort in 1848,
1t was confined to a small number of persons, and presented favourable oppor-
tunities for investigation. An elaborate inquiry was made by Dr Clemens,+
which certainly seems to indicate that the complaint was caused by drinking
water containing sulphuretted hydrogen gas, which was set free in some
large chemical works, and was washed down by the rains into the brooks
from which drinking water was derived. The case is most elaborately and
logically argued, but it certainly seems remarkable that other instances of the
same kind should not have been observed, especially as the disengagement of
large quantities of SH into the atmosphere is common in gome trades, and as
the drinking of sulphuretted springs is so common.

5. DISEASES OF THE BONES,

‘Water impregnated with sulphurous acid gives rise in cattle to & number
of serious symptoms, among others to diseases of the bones, The sulphurous
acid evolved from the copper works at Swansea has caused numerous actions
on account of the loss of herbage and cattle. Rossignol} states that water
highly charged with carbonate and sulphate of lime was found to give rise to
exostoses in horses ; pure water being given, the bones ceased to be diseased.
Hard water is said to make horses’ coats rough,

0. caLcuLr

It has long been a popular opinion that drinking lime waters gavo rise to
caleuli (phosphatic and oxalate of lime). Soveral medical writers have held
the same opinion, and have adduced individual instances of caleuli (phos-
Phatic7) being apparently caused by hard waters, and cured by the uae of soft

* Traité de Geog. et de Stat. Med., 1857, 1. i. p. 141.
Henle’s ft, fir nat. Med., 1849, vol. viii. p. 215
4 Traité ’Hygine Militaire, 1857, p. 357,
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or distilled water. On a large scale, statistical evidence is, as far as I know,
wanting. The excess of cases of calculi in Norwich and Norfolk generally is
not, in Dr Richardson’s opinion, attributable to the water.*

Professor Gamgee, huwever, states that sheep are particularly affected by
calculus in the limestone districts.

7. GOITRE.

The old notion, mentioned by Pliny, that drinking snow water is the cause
of goitre, is now known to be erroneous. The opinion of Chatin also, that
goitre only prevails where no iodine can be found in the water, is without
foundation. All the most careful observations, however, chemical and geolo-
gical, show that the water of goitrous regions contains large quantities of lime
and magnesia, and is derived from limestone and dolomitic regions, or from
serpentine in the granitic and metamorphic districts. Some still doubt the
influence of such waters, but these investigations now embrace the Alps,
Pyrenees, Dauphiné, and some parts of Russia, Kumaon in North-west India,
Brazil (Bally, Coindet, Branson). (rangest has given some elaborate
analyses of the water of the Isere,t to show that magnesia is the great cause;
and has pointed out that, in the Alps and in the Pyrenees, the villages
most attacked are situated on the lines of the magnesia-holding rocks, or of
gypsum or serpentine; while, at a greater elevation, the higher hills are
gneiss, and contain less magnesia, and there are fewer goitres. The geological
investigations of M‘Clellan§ in Kumaon are singularly convincing, as may be
seen from the following table compiled from his work :—

Goltre and Cretinism in Kumaon.||

Per Centage of Population affected

Water derived from
‘With Goitre. With Cretinism.
Granite and gneiss, . . . 02 0
Mica, slate, and hornblende, 0 0
Clay slate, e 0-54 0
Green sandstone, . . 0 0
Limestone rocks, 33 31

The greater prevalence of goitre, in low, ill-ventilated, damp valleys, seems
to be caused simply by the svil, the debris of the lime and magnesian rocks
rendering the water more impure even than that of the hills above. There are
not wanting, however, some analyses of water which show that the water of
goitrous regions contains no magnesia (in Rheims, according to Maumené ; in
Auvergne, according to Bertrand ; in Lombardy, according to Demartain),
although it contains lime in large quantity ; while there are some few authors
who deny that the water contains even lime. But this last opinion has gene-

* Med. History of England ; Medical Times and Gazette, 1864, p. 100,
4 Ann. de Chimie et de Phys. vol. xxiv. p. 384,
Ba r (Compies Rendus de I'Acad. t. lv. p. 475) informe us that in this locality horses
mules e goitrous ; young men, he also says, are in the habit of drinking the water,
80 28 to produce goitre and escape the military conscription. The oecurrence of goitre in horses
has, however, been denied by Rey.
§ Medical To hy of Bengal.
1 have includ e fucts on cretiniam also, although I do not wish, in any way, to pre~
Jjudge the much more uncertain problem of the cawss of cretinism,
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rally been based, not on chemical analysis, but on the geological argument that
the water was furnished by a granitic or gneissic district. As, for example,
the argument of Render, that in some regions in Brazil, where three-fourths of
the population are goitrous, the villages are on granite, gneiss, quartz, and
clay. But no analyses are given, and, a8 in Dauphiné, the springs may arise
at the junction of limestone and granitic rocks. In Brazil, Castelnau believed
he could confirm Granges’ view of the prevalence of magnesia and lime in the
water of goitrous districts.

The amount of lime and magnesia salts required to produce goitre is not
precisely known. In the gaol at Durham, Johnston®* states that when the
water contained 77 grains per gallon (chiefly of lime and magnesia salts), all
the prisoners had swellings of the neck ; these disappeared when a purer water,
containing 18 grains to the gallon, was obtained.

Goitre may be rapidly produced. Bally noticed that certain waters in
Switzerland would cause it, even in eight or ten days, and cases almost as
rapid have occurred in other places.+

8. ENTOZOA, OR OTHER ANIMALS.

Whereas the Teenia soliimn, and the Tenia mediocanellata enter the body
chiefly in food, the two forms of the Bothriocephalus latus (T. luta) seems to
find their way into the body principally or entirely in the drinking water.}
Both embryo and eggs (but principally, or perhaps entirely, the former) exist in
the river water. The ciliated embryo moves for several days very actively in
water ; it may there, after a time, lose its ciliary covering, and then, not being
able to move further, perishes ; or it may find its way into the bodies of man
and animals, and there develops into the Bothriocephalus latus.

It is most common in the interior of Russia, Sweden, in part of Poland, and
in Switzerland.

The Ascaris lumbricoides (Round-worm) appears also sometimes to enter the
body by the drinking water. At Moulmein, in Burmah, during the wet
season, and especially at the commencement, both natives and Europeans, both
sexes and all ages, were, during my service, so affected by lumbrici that it was
almost an epidemic.§ The only circumstance common to all classes was that
the drinking water, drawn chietly from shallow wells, was greatly contaminated
by the substances washed in by the floods of the excessive monsoon which
prevails there, Dr Paterson has also noticed similar facts (Aitken’s ¢ Prac-
tice of Medicine,” ii. p. 125).

Filaria Dracunculus (Guinea-worm).—The introduction by water of the
Filaria has long been a favourite opinion. It has been a matter of debate
whether it is taken into the stomach as drink, and thence finds its way (like
the Trichina, to the muscles) into the subcutaneous cellular tissue, or whether
it penetrates the skin during bathing or wading in streams. The latter opinion
seems to be the most probable in the majority of cases.||

Boiling the water hefore drinking appears to have some preservative effect. ¥

Leeches.—Reference has already been made to the swallowing of smsll

* Edin. Monthly Journal, May 1855,
4+ Bally, quoted in Cyclopadia of Pract. Med. art. Bronchocele, vol. i. p. 328,

$ See eapecially a paper 5 Dr Knock in the Peterburger Med. Zeitsch, for 1861. An ab-
;t‘mgt is given ‘iga the Lancet, Jan, 25, 1862; and the paper in full is printed in Virchow’s Archiv,
nd xxiv. p.

§ The vative treatment is the powder of a fungus (Wak-mo), derived from the female bamhoo.
It is most useful. See paper by the author in the London Journa! of Medicine, 1849,
[ BeeDthken’nlonsan‘ndemnmt chapter on this disease, in the second volume of his

Practice of Medicine, p, 184, et seq.
?Gcreomhowinmmu;‘lﬁs&p.ﬁl
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leeches, which fix on the pharynx and in the posterior nares. In a march of
the French near Oran, in Algiers, more than 400 men were at one time in
hospital from this cause. Inssome cases the repeated bleedings from the
larynx have simulated hemoptysis and phthisis, and have produced ansmia.
A leach, once fixed, seldom falls off spontaneously. In India, no accidents of
this kind are on record, yet we must assume that they occasionally occur.

9. LEAD, MEROURY ARSENIC, COPPER, AND ZINC POISONING.

It is only necessary to mention the fact of metals passing into the drinking-
water, either by trade refuse being poured into streams, or by the water dis-
solving the metal as it flows through pipes or metallic surfaces. (See page 41).

General Conclusions.

1. An endemic of diarrhoes, ¢n a community, is almost always owing either
to impure air, impure water, or bad food. If it affects a number of persons
suddenly, it is probably owing to one of the two last causes, and, if it extends
over many families, almost certainly to water. But as the cause of impurity
may be transient, it is not always easy to find experimental proof

2. Diarrthaa or dysentery, constantly affecting a community, or returning
periodically at certain times of the year, is far more likely to be produced by
bad water than by any other cause.

3. A very sudden and localised outbreak, of either typhoid fever or cholera,
is almost certainly owing to introduction of the poison by water.

4. The same fact holds good in cases of malarious fever, and especially if
the cases are very grave, a possible introduction by water should be carefully
inquired into.

5. The prevalence of Lumbrici, Guinea-worm, or DBothriocephalus latus,
should always excite suspicions of the drinking and bathing water.*

® In the preceding pages I have dealt only with the sanitary, and not with the economical,
question of pure and impure water supply. But this latter is a point of no mean importance
and even has a bearing on health. For example, the expenditure of soap from the use of hard
water is very gmt, and has even heen reckoned in London alone as equal to half a million
sterling annually. This cost lessens cleanliness, and in this way health is affected. In some
manufactures soft water is so essential for dyes and other work that great expense has been in-
curred by several manufacturing towns to get soft water, although they already possessed a good
lmly of rather hard water. Even the question of good or bad infusion of tea is connected with
good or bad water. Mixed sanitary and economical considerations have led engi at the pre-
sent day to very remarkable works for water supply, and it requires no prophet to foresee K:t
the great engineering problem of the day is m“d' the supply of abundant, pure, and soft water
for great masaens of population. Already we see Glasgow bringing down the waters of a Highland
lake, Manchester and Liverpool collecting rain water from the vast regions of the Millstone grit,
and London debating whether it would not be economical to turn to account a lake fed by the
rain on the mountainy of Wales, .



CHAPTER T1.

AIR.

ARMY REGULATIONS ON THE SUBJECT OF AIR AND
VENTILATION.

'Tre Inspector-General or Deputy-Inspector, or Sanitary Officer or Regimental
Surgeon, is desired to see that the ventilation of barracks, guard-rooms, day-rooms,
schools, reading-rooms, cells, and hospitals is good, and that the number of men
in any room does not exceed the regulation number (Med. Reg. pp. 29 and 80).

The number of men placed in a barrack-room or hospital-ward is to depend
on the cubic space,

In permanent barracks a man is allowed . . 600 cubic feet.*
In wooden huts, . . . . . . 400 ’
In hospital wards at home, . . . . 1200 ”
’ ,»  in the tropics, . . . 1500 .
In wooden hospitals at home, . . . . 600 "

The number of men in cach room is to be painted on the door (Med. Regs.
pp. 38 and 79).

Before temporary hospitals are organised, the sanitary or other medical officer
is to consider and report on the ventilation as well as other things (p. 39)

The surgeon or medical officer in charge of a regiment is directed to visit
“at frequent intervals” all barracks, quarters, hospitals, cells, married sol-
diers’ quarters, to note their general sanitary condition, including ventilation.
He is also to examine latrines, stables, &c. (p. 81).

On field service and on transport ships the same duties are enjoined (pp.
83 and 85).

The most constant attention is therefore ordered to be paid to this subject.

» With the exception of ordering a certain cubic space, the Medical Regula-
tions do not give any specific rules as to the rate of change of air, but the
Report of the Barrack Commissioners (1861) orders that arrangements be
made to supply at least 1200 cubic feet per head per hour; or, in other words,
that the 600 cubie feet of air shall be changed twice in the hour.

In the Queen’s Regulations for the Army the subject of ventilation is also
several times referred to. The ventilation of cells is ordered at page 236 ; of
barracks at p. 246 ; of transport ships at p. 346.

The regulations thus require the medical officer to be able to report on the

* In the metropolitan Jodging-houses, 30 superficial and 240 cubic feet are allowed ; in the sec.
tion-houses of the met "?ﬁ‘pox e €0 fost perficial and 450 cubic feet are %en.' The Poor.
law Board sllowa 300 cubic feet for every heslthy person in dormitories, and cubic feet for
every sick n. InDublin an allowance of 300 cubic feet is required in the registered hdilng-
honges.—( an excellent pamphlet entitled “The Essentials of a Healthy Dwelling,” p. 12)
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sufficiency or otherwise of ventilation ; or, in other words, on the rate of
movement, and on the purity of the air.

It is a physiological question of the greatest moment to determine pre-
cigely the amount of air necessary for the vital process of respiration. To
determine when air is pure, or, if impure, what substances are mixed with it,
is a chemieal inquiry; and to trace the discases attributable to deficiency of
quantity and alterations in quality of air, is a subject for the pathologist.
How the requisite amount of pure air can be given is an engineering problem,
and forms the subject of the chapter on ventilation,

SECTION 1L

QUANTITY OF AIR.

L
What quantity of air must be supplied per head per hour, so to dilute the
products of respiration and transpiration from the sound and sick body. or
of combustion of lighting, as to keep the air always pure and fresh?

Sus-SecmioN 1.— For Heantny Apvrr Mexs,

The question may be answered both by calculation and by experiment.
Taking the carbonic acid of respiration as a convenient measure of impurity,
the following table will show the mode of calculation :—

1. An adult man inspires and cxpires on an average B -
30 cubic inches at every {"vspimt.ion and he 30 x _1}6: 480 cubic
breathes 16 times per minute, . mehies.

. In an hour he therefore o'qum-s—-lSO x 60 = 8.80() cubic inches, or
1666 cubic feet.

3. The air ho breathes in (if pure) contains 04 per 1000 volumes of ('O,
while the air he breathes out contains 40 volutaes per 1000 of CO, in
addition to feetid organic matter undetermined in amount and “aturv
vapour to saturation ; or, in other words, about 05 or 0-6 cubic feet
of CO, and 136 grains of watery vapour, are eliminated per hour, or
from 12 to 16 cubic feet of carbonic acid gas in twenty-four hours.

4. To dilute the expired air so that the amount of
('(), shall bo reduced to 04 per 1000, more L 16-66 x 100 = 1666
than 100 times the volume of expired air must { cubic feet.
be supplied, or per hour, ‘

. But as the added air contains some €0, and as the exhalatious from the
skin require to be also diluted, at least, 1 more must be added, which
brings up the amount to 2082 cubic feet per hour.

Pettenkofer,® by n similar caleulation, has fixed the amount as 200 times the
volume of the expired air, which he puts at 300 litres (= 10°6 cubic feet per
hour). Vierordt's caleulation of the expired air is 12:75 cubic feet, and
Valentine's 166 cubic feet per hour. Iractical experience confirms this
roesult.  The successive exporiments made by Grassi and others have shown,
first, that allowances successively given of 10 enbic metres (=353 cubie
foet), of 20 cubic metres (706 cubic Joet), of 30 cubic metres (1059 cubic
fmt; was quite insufficient for one man, and the quantity was gradually
incrcased till 60 cubic motres (2118 cubic feet) were given,  The air in the

4 —————re o A A i 1 v S A 9 s i o s rremawe = e h e i ot s e i o

& Uber den Luftwechnel von Dr Max Pettcnkofer, 1858, p. 85,
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cell of a prisoner who received that ration of air seemed pure to the
senses.

From a number of experiments, in which the outflow of air was measured,
and the carbonic acid simultaneously determined, I have found at least 2000
cubic feet per hour must be given to keop the carbonic acid at -5 or 6 per
1000 volumes, and to entirely remove the feetid smell of organic matter.
When 1200 or 1400 feet only were given, the carbonic acid amounted to *7,
-8, or *9 per 1000 volumes, and the organic matter was in suflicient amount
to destroy “00002 grammes of permanganate of potash when 12 cubic feet of
air were drawn through. My friend Dr Sankey, from careful experiments
with a fan, found that when, in a ward in the London Fever Hospital used as
a chapel, 800 cubic feet per head per hour were supplied, the vontilation was
insufficient. :

General Morin,® from analysis of all the observations made in Paris, and
from egperiments of his own, gives the following amount : —

Amount of fresh air Yo be supplied per head per hour in temperate climates

in the following circumstances : —

In Barracks, = 30 cubic metres by day-— 60 by night.
=- 1059 cubic feet w —2118 "

» Workshops, = 60 cubic metres.
= 2118 cubic feet.

,» Prisons, - Ibid

,» Theatres, - Ibid.

, Schools, — 30 cubic metres.
-: 10589 cubic fect.

,» Hospituls, -~ 80 cubic metres day and night.

2825 cubic feet.

R 1c {ee
- 43),,-3g c"l'"" ::.::: }»during hours of dressing.
= 160 cubic metres, |
= 5650 cubie feet, f

The Barrack Improvement Commissioners order at least 1200 cubic feet
per head per hour to be given in barracks at home. The older observers
tixed much smaller amounts.  Péelet, in the earlier editions of his great work
(De la Chaleur), thought 6 cubic metres (= 212+ cubice feet) per head per hour
sufficient.

Arago recommended 10 cubic metres per hour, or 353 cubic fuet.

Dr Reid . 10, feet per minute, or 600 per hour ; in some
cases, however, he gave 60 cubie feet per minute, or 3600 per hour.

Hood recommended 5 cubic feet per minute, or 300 per hour.

Wolpert ,, 600 cubic feet (Prussian) per hour.

In mines which are thought to be well veutilated, not less than 1400
cubic feet are given per head per hour, and if there is much firelamp, as
much as 6000 cubic feet have been supplied.t A horse requires 2460 cubic
feet per hour at the least.

Although, in order to give precision to the subject, it is necessary to

” during epidemies.

* Rapport de Ia Commission sur le Chauffage et la Ventilation des Batimens du Pulaix de

+ It has heen stated, from extensive obaervations, that, in mines, if it is wished to keep up
the greatest energies of the men, no leas than 100 cubic fect per man per minute (==0000 per
_hour) must be given ; if the quantity is reduced Lo one-thivd, or even one-half, thers is 8 serious
diminution in the amount of work done by tho men.  Mr Robert Stephenson even thought that
100 cubic feet per man per minute would not he enough. This amount inclades, of course, all
the ;igrs wu:!t:(ién the mine for horses, lights, &c. - Proceedings ar the ¢ivil Engrneers, vol, xit,
P an ).
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attempt to define the minimum quantity which is necessary, there is no
doubt that it is advantageous to have a much larger amount. Wherever
practicable, we should be contented with nothing short of an almost unlimited

supply.

SuB-SecTioN II.—ON THE QUANTITY REQUIRED FOR THE RESPIRATION AND
DirutioN oF THE EManaTIONS OF Sick MEN.

With regard to sick men, it is impossible to say what quantity should be
given. In some diseases, so much organic substance is thrown off, that
scarcely any ventilation is sufficient to remove the odour. At the Hospital
Beaujon in Paris, it was shown, as long ago as 1847, that 60 cubic metres
(= 2118 cubic feet) per head per hour did not remove all odour from the
surgical wards after dressings. Grassi* mentions that a pereeptible odour
diffused from a case of cancerous uleer in a ward in the Hopital Necker at
Paris, although the ventilation at the time was 3500 cubic feet per head per
hour ; but bad odour will perceptibly taint an hospital ward with a greater
allowance of air even than this. Dr Sankey found the wards in the London
Fever Hospital to be not free from odour when 3720 cubic feet per head per
hour were passing in. At least, 4500 cubic feet per hend per hour must be
allowed (Sutherland), especially when there are many had cases, and especially
surgical cases with open wounds; and during epidemics, or when hospital
gangrene, pywemia, or erysipelas are spreading, 6000 cubic feet at least must
be given ; or, in other words, the supply must be almost unlimited. The best
surgeons now consider an almost complete exposure of pyzmic patients to
the open air the bust treatment ; and it is well known that in typhus fever
and (to a less extent iu) typhoid, and also in smallpox and plague, this com-
plete exposure of patients to air is the first important mode of treatment,
before even diet and medicines.

Sus-Sectioy I11.—ON THE QUANTITY OF AIR REQUIRED FOR LIGHTS, IF THE
AIR 13 T0o BE KEPT 'UnE BY DIiLuTION,

Air must he also supplied for lights if the products of combustion are
allowed to pass into the room.  Wolpert has caleulated that, for every cubic
foot of gus, 1800 cubic feet of air must he introduced to properly dilute the
products of combustion, and this is not too much if we remember that a cubic
foot of good coal gas produces ahout 2 cubic feet of carbonic acid, and that
sulphurie acid and other substances may be also formed. A common gas
burner will burn nearly 3 feet per hour, and will consume 10 or probably
12 cubic feet in an evening (4 hours), and therefore from 18,000 to 21,600
eubic feot of air must be introduced for this purpose alone in the 4 hours,
nuless the products of combustion are removed by a gpecial channel,

A B of vil demands, tor complete combustion, 138 cubic fect of air; and
to keep the air perfectly pure, nearly as much air must be introduced for
1 B of oil as for 10 cubie feet of gs. ‘

In mines, 60 cubic feet per hour are allowed for each light; the lights
generally are dimr, and the amount of combustion slight ; but this seems an
extramely small amonnt, -

* Etmllnz(‘.ampnmuve des Deux Systemes de Chaufluge et de Ventilation, &e.  Par C, Grassi.

) I

®



68 AIR.

SECTION 1II.
COMPOSITION OF AIR.

It would be occupying unnecessary space to enlarge on this subject. In
addition to oxygen and nitrogen, there are the following substances :—carbonic
acid, watery vapour, organic matter. Perhaps, also, the almost universally
diffused salts of soda should be reckoned as normal constituents. Alterations
in, or specific states of these gases (ozone, antozone, &e.), is considered under
the head of climate.

The amount of watery vapour varies in different countries greatly, from about
40 per cent. of saturation to perfect saturation ; or, according to temperature,
from 1 to 11, or even 12 grains in a cubic foot of air, if that expression may
be admitted. The best amount for health has not been determined, but it has
been supposed it should be from 65 to 75 per cent.; but in many healthy
climates it is much more than this, (See CLIMATE.)

The normal amount of carbonic acid in normal air ranges from ‘02 to ‘05
per cent. (or from 2 to 5 volumes in 10,000) ; it increases slightly up to 11,000
feet, then decreases ; it is slightly augmented under certain circumstances ; ns
in sea-air by day, though not at night ; the difference being between 054 to
‘033 per cent. (Lewy).

The normal amount of organic matter is not known, if indeed it is not to
he considered as an impurity.

SECTION IIL
IMPURITIES IN AIR.

A vast number of substances, vapours, gases, or solid particles, continually
pass into the atmosphere.  Many of these substanees can be detected neither
by smell nor taste, aud are inhaled without any knowledge on the part of those
who breath them. Others are smelt or tasted at first ; but in a short time,
if the substance remains in the atmosphere, the nerves lose their delicacy ; so
that, in many cases, no warning, and in other instances, slight warning only,
is given by the senses of these atmospheric impurities,

As if to compensate for this, a wonderful series of processes go on in the
atmosphere, or on the carth, which keep the air in a state of purity.

Gases diffuse, and are carried away by winds, und thus become 5o diluted as
to be innocuous, or are decomposed it compound, or are washed down hy
rain ; solid substances lifted into the air by winds, or by the ascensional foree
of evaporation, fall by their own weight; or if organie, are oxidized into
simple compounds, such as water, carbouic acid, nitric acid, and ammonia ; or
dry and break up into impalpable particles, which are washed down hy ruin.
Diffusion, dilution by winds, oxidation, and the fall of rain, are the great
purifiers; and in addition, there is the wonderful laboratory of the vegetable
world, which keeps the carbonic acid of the atmosphere within certain limita,

If it were not for these counterbalancing agencies, the atmosphere would
soon become ton impure for the human race.  As it is, it is wonderful how
the immense impurity, which daily passes into the air, is soon removed,
except when the perverse ingenuity of man opposes some obstacle, or makes
too great a demand even upon the purifying powers of Nature,

The air passing into the lungs in the necessary and automatic process of
respiration, is drawn successively through the mouth and nose, the fauces,
and the air-tubes. It may consist, according to circumstances, of matters



IMPURITIES IN AIR. 69

perfectly gaseous (as in pure air), or of a mixture of gases and solid particles,
mineral or organic, which have passed into the atmosphere,

"The truly gaseous substances will doubtless enter the passages of the lungs,
.and will meet there with that wonderful surface, covered with the most delicate
“ tufts of blood-vessels, unshielded even, it is supposed by some, by epithclinm,
which stand up on the surface of 5,000,000, or 6,000,000 air-cells, and through
which the blood flows with an extreme velocity ; there they will be absorbed,
and if, as has been calculated; the surface of the air-cells is as much as from
10 to 20 square feet (and. some have placed these figupes much higher), we
can well understand the ease and rapidity with which gaseous substances will
enter the blood.

The solid particles or molecules entering with the air, may lodge in the
mouth or nose, or may pass into the lungs, and there decompose, if of de-
structible nature; or may dissolve or break down if of mineral formation ;
or may remain as sources of irritation until dislodged ; or perhaps become
covered over with epithelium, like the particles of carbon in the miner'’s lung,

1f such particles lodge in the mouth or nose they may be swallowed, and
pass into the alimentary canal, and it is even more probable that this should
bo the case with all except the lighiest and most finely divided substances,
than that they should pass into the lungs.  Although incapable of present
proof, there is some reason to think that some of the specific poisons, which
float about in an impure atmosphere, such as those which arise from the
typhoid or cholera evacuations, may produce their first effects, not on the
lungs or blood, but on the alimentary mucous membrane, with which they are
brought into contact when swallowed.

SuB-SecTioN 1.-—StuspENDED MATTERS.

Nature of Suspended Substances—An immense number of substances, or-
ganic and inorganic, may be suspended in the atmosphere. From soil the
winds lift silica, finely powdered silicate of alumina, carbonate of lime, phos-
phate of lime, silica and peroxide of iron.  Voleanos throw fine particles of
carbon, sand, and dried mud, which passing into the higher regions, may be
carried over hundreds of miles,

The animal kingdom is represented by the debris of the perished creatures
who have lived in the atmosphere, and also, it would appear, that the ascen-
sional force of evaporation will lift even animals of some magnitude from
the surface of marsh water,  The germs, also, of Vibrio, Bacteria, and Monads
are largoly present,

From the vegetable world pass up seeds and debris of vegetation ; pollen,
spores of fungi, myecoderms, mucedines, which may grow in the atmosphere,
and innumerable volatile substances or odours.

From the sea the wind lifts spray, and the chloride of sodium becoming
dried, is so diffused through the atmosphere, that it is difficult, on spectrum
analysig, to find a spectrum without the yellow line of soda. :

The works and habitations of man, however, furnish matters probably of
much greater importance in a hygienie point of view,

Particles of carbon from imperfeet combustion of wood or coal, or from
breaking up of masses of coal are, of course, extremely common ; starch cells,
among all bread-eating nations, appear scarcely less so. In manufacturing
districts, or in certain trades, there may be cotton fibres, hair, particles of
wool, particles of iron, stecl, stone, clay, &ec., &c., and the diffusion of these
particles plays a very prominent part in the production of lung diseascs,
(bronchitis, emphysema, phthisis) and of stomach diseasea (dyspepsia).
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In addition to this, dried organic substances, are like fine particles of soil,
lifted from the ground by wind, and are possibly carried for some distance.
In some such way, in all probability, certain diseases are propagated, the dried
substance, as for example, the evacuations of cholera or dysentery, floating
through the air, and being finally. swallowed or inhaled into the lungs.

The specific poison of smallpox derived from the skin ; of scarlet fever de-
rived from the skin, throat, urine (1) ; of measles derived from the skin and
lungs (%) &c., must also be molecular organic matter, or even formed corpus-
cles, though as yet they have not been recogmisod.

But not only are such impalpable fine dry powders lifted into and carried
in the air, but organised particles, still retaining their form, may be lifted by
the force of evaporation of water. Eiselt discovered pus cells in the air of an
ophthalmic ward ; and epithelium cells are found in all ill-ventilated rooms.*

The extent to which pus or epithelium cells contribute in forming the or-
ganic matter which accumulates in badly cleaned hospitals, is shown by the
experiments of Chalvet in the wards of $t Louig.t The dust collected, when
the wards were being cleaned, was found in one experiinent to contain 36 per
cent. of organic matter, and in another experiment 46 per cent.  This organice
matter consisted in great measure of epithelium cells, when burnt it gave out
an odour of horn, when moistened and allowed to decumpose it gave out a foetid
putrid smell.

I have examined the air of various barracks and military hospitals, and
have detected large quantities of epithelium from the skin, and perhaps the
month ; particles of cotton, wool, and other matters of uncertain origin. Drs
Frank, Hewlett, St John Stanley, Baynes Reed, and others, of the Army
Medical Service, have also made many experiments on this point. The figure
given below is a copy of the woodcut given in the excellent paper of the
three last gentlemen.;

[) 4 » ) 2 3
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Seale of 100ths of an inch.
Fig. 7 .~Suspended matter in the air of the Barracks at Gravesend.

In all tainted atmospheres of this kind, it would appear that the germs
of infusoria abound to a much greater extent than in pure air. It seems

* First detected by Dundas Thomson in the air of & ch i )
‘!'Ann-d'llygih:y s ontm. r of & cholera ward in 1849 and in 1854
+ Army Medical Reports for 1860 and 1861.  Ventilation of the Barracks at Gravesend, &e.
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probable that the discovery of suspended matters of this kind will lead
to most important results. The possibility of a direct transference from
body to body of cells undergoing special chemical changes is thus placed
beyond doubt, and the doctrine of contagion receives an additional elucida-
tion. It remains to be scen whether pus and epithelium cells becoming
dried in the atmosphere can again, on exposure to warmth and moisture,
undergo again the chemical changes which had been interrupted, or whether
they would not rather break down into impalpable particles, and be then
totally oxidized and destroyed. It is now generally admitted that protophytes,
like the Protococcus pluvialis, may be dried and yet retain their vitality even for
years, and may be blown ahout in atmospheric currents ; but it would not be
right to infer a similar power on the part of epithelium or pus cells,

Sus-Sectiox 11,—GAsrors SUBSTANCES,

A great number of gases muy pass into the atmosphere either from natural
canses or from the works of man.
Compounds of carbon—

Curbonie acid (abnormal if exceeding b in 10,000 parts).

Carbonic oxide.

Carburetted hydrogen.

Peculiar substances (gaseous) in sewage air,

Compounds of sulphur—

Sulphurous acid.

Sulphurie acid.

Sulphuretted hydrogen.

Sulphuret of ammonia.

Bisulphide of carbon.

(‘ompounds of chlorine—

Hydrochlorie acid.

{ompounds of nitrogen—

Ammonia and acetate and sulphuret carbonate of ammonia (normal in
small amount?),

Nitrous acid.

Nitric acid.

Compounds of phosphorus—

Phosphoretted hydrogen.

Organic vapours—

Of the exact composition of the vapours, often fwtid, which arise from
various decomposing animal matters, little is known. The vapours
of sewage have becn examined by Odling, and were found to be
carbo-ammoniacal, containing more carbon than methylanine, and
less than cthylamine.

Sup-SecrioN I11L—NATURE oF IMPURITIES IN CERTAIN SPECIAL CASES.

Air Vitiated by .

An adult man, in ordinary work, gives off in twenty-four hours from 12
to 16 cubic feet of carbonic acid gas, and also emits an undetermined quan-
tity of carbonic acid gas by the skin.

e amount of carbonic acid in pure air being assumed to be on an average
04 per 1000, or 4 volumes per 10,000, the quautity in the air of respiration
is as follows :—
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Per 10,000 volumes.
. 1242

» w . 1-189
» " Chatham (Fyffe), . 196
Military hospital at (Fort Pitt) Chatham—numer-

ous observations, . . . . . . 1:800 to 0°600
[ospital at Netly (numerous observations), . '800 to -600
General Hospital, Madrid, . . . . 32t 43
Boys’ school (Roscoe)—22,141 cubic feet, and 164

boys for 2} hours, with bad ventilation, . . 2371
Boys’ school (Loscoe) —4640 cubic fect and 67 boys, 3:100

Barrack (unventilated) in London (Roscoe),

” ”»

Air of a crowded meeting (Roscoe), . . . 365
Sleeping-room in Salpetriere, . . . . 4000
» . . . . 5000
» Madrid (Da Luua), . . . 48
Schoolroom — 10,400 cubic fect and 70 girls
(Pettenkofer), . . . . . L7230
Horso stable in Ecole Militaire, with badly-closing

doors, . 7-000

The carbonic acid of respiration ir equally diffused through the air of the
room (Lagsaigne, Pettenkofer, Roscoe); it is very rapidly got rid of by opening
windows (Gore), and in this respect differs from the organic matter, and pro.
bably from the watery vapour; neither appear to diffuse rapidly or equably
through a room.

By the skin and lungs pass off from 25 to 40 cunces of water, to maintain
which, in a state of vapour, 211 cubic feet of air per hour is necessary on an
average.  Of course, however, temperature and the hygrometric condition of
the air greatly modify thiz. .

Organic matter is also given off, the amount of which has never been pre-
cisely determined, and has been variously estimated at from 10 fo 240
grains.*  Perhaps at present it may be approximately stated at 30 grains per
diem for each adult. This organic matter must be partly suspended, and is
made up of small particles of epithelium and fatty matiers detached from the
skin, and partly of an organic vapour given off from the Jungs and mouth.
The organic matter from the lungs, when drawn through sulphuric acid,
darkens it; through permanganate of potash, decolorises it, and through
pure water renders it offensive. Collected from the air by condensing the
watery vapour on the sides of a globe containing ice (as by Taddei in the
wards of the Santa Maria Novella), it is found to be preeipitated by nitrate of
silver, to blacken on platinum, and to yield ammonia. 1t is therofore nitro-
genous, It has a very futid smell, and this is retained in a room for so long
a time, sometimes for four hours, even when there is free ventilation, as to
show it is oxidized slowly. 1t is probably in combination with water, for the
most hygroscopic substances absorb most of it. 1t is absorbed most by wool,
feathers, damp walls, and moist paper, and least by straw and horsvhair.
The colour of the substance influences its absorption in the following order :—
black most, then blue, yellow, and white. It is probably not a gas, but is
molecular, and floats in clouds through the air, as the odour is evidently not
always equally diffused through a room. This quantity is in no very close

¥ Report on Hygiene in the Transactions of the American Medical Associstion, 1850. Cal.

culating on this lmsis, which is in all probability much exa, rat:d, the Al:wr'ilc'm reporters

21:" n‘:;:;(: %g?tlﬁoomf i i;::‘n ?pm&i;g 12 &w&mﬁ daily hww?% e;)l‘()a on hoard ship, will enit in
] matter; and that an army of 20, i

IR one e el matt f : y o men would emit iu one day
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relation to the carbonic acid, though a large quantity of CO, derived from
respiration, always indicates a large quantity of organic matter. In a room,
the air of which is at first perfectly pure, but is vitiated by respiration, the
smell of organic matter is generally very perceptible when the CO, reaches
*7 per 1000 volumes, and is very strong when the COg{ amounts to 1 per
1000. From experiments made at Gravesend and Netley*® by various medical
officers, it was found on a mean, that when the CO, reached 125 and ‘865
volumes per 1000, the amount of air required to destroy 00002 grammes of
permanganate of potash was 8 and 12 cubic feet respectively.

It is indeed asserted by Gaultier de Claubry (Ann. d’'Hygitne, April 1861,
p- 348), that in barracks, some minutes only after the soldiers had entered,
the smell of organic matter was perceptible, though there was at that time no
augmentation in carbonic acid.

Assuming that tho organic matter has an cffect on the permanganate of
potash equal to that which sugar has,+ Dr Angus Smith has calculated the
amount of organic matter to hu—

Cubie feet of Air.

In a bedroom, . . . .1 grain in 64,000

” . . . ' 56,000
Inside a house, . . . " 16,000
In a closely-packed railway-carriage, . ” 8,000
‘When the air of a sewer entered a house, | . 8,000
Ash of midden or cesspool, . . . 62
Pure air on high ground, . . . » 176,000

” ” . . . » 209,000

Besidoes the gaseous products strietly derived from the lungs, the air of most
dwelling-rooms, when examined by the aeroscope, is found to contain many
epithelium cells; many of these are evidently derived from the skin ; they
are rubbed off, and then float through the air.  Some of the cells are smaller
and rounded, and are (either nuclei or are from some parts of the air-tubes,
Fragments of cotton fibre, wool, &e. &c., are also found. The plate shows
some of these objects found by Messrs Hewlett, Stanley, and Reed in the
barracks ot Gravesend,  (Nee fig. 7, p. 70.)

Air of Sick Rooms,

In addition to being vitinted by respiration, the air of sick rooms is
contaminated by the abundant exbalations from the hodies, and by the
effluvia from discharged excretions. The quantity of organic matter is
known to be immense, but it is difficult at present to give a guantitative
statement.  Moscati, who (in 1818) condensed the watery vapour of a ward
at Milan, describes it as being slimy, and as having a marshy smell.  The
peculiar smell of an hospital is indeed very remarkable, and its similarity in
hospitals of different kinds seems to show that the odorous substance has a
similar composition in many cases. The reaction of ozone appears not to be
given in such an atmosphere,

Devergie found an “ immense amount” of organic matter in the air in the
vicinity of a patient with hospital gangrene,

* By Assistant-Surgeons Hewlett (Bombay Army), Stanley (Staff), Baynes Reed (12th
iment), Innes (16th Lancers), Venning (1st Life Guards), and Martin (Staff,

In uufng these numbers, it must be remembered that they involve an assumption of the
e?\ulity of action of sugar and organic matter. 1t is perhaps safer to express the relation
directly hetween the peurmanganate and organic matter by stating the amount of air necessary
to decolorise & definite amount of permanganats.
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The dust of a ward in St Louis in Paris was discovered by Chalvert to con-
tain in one experiment 36, and in another 46 per cent. of organic matter, which
consisted chiefly of epithelium, and when burat had an odour of horn.

Much interest was excited in-1849 by the discovery by Drs Brittan and
Swayne of Clifton of bodies very like fungi in the air of a cholera ward ; later
researches have made it by no means unlikely that this observation was per-
fectly correct, though the connection between these fungi and cholora is still
quite uncertain. In 1849, also, Dr Dundas Thomson drew the air of a cholera
ward through sulphuric acid ; various suspended substances were arrested :
starch, woollen fibres, epithelium, fungi or spores of fungi and vibriones.
Some of these bodies were found, however, in the open air.

The scaly and small round epithelium found in most rooms are in lurge
quantity in hospital wards, and probably in cases where there is much expec-
toration or exposure of pus or puriform fluids to the air, the quantity would
be still larger. .

Considering that tho pleuro-pneamonin of cattle is probably propagated
through the pus and epithelium cells of the sputa prssing into the air cells
of other cattle ; that even in man there is some evidence of o pneumonic or
phthisical disease being contagious (Bryson —('ases in the Mediterranean Fleet),
the floating of these cells in the air is worthy of all attention, It may explain
some of those curious instances of phthisis being apparently communicated.
In military granular conjunctivitis (gray granulations), the remarkable effeet
of ventilation in arresting the spread (Stromeyer) secins to shpw that we have
here a similar case, and that ventilation acts by diluting, oxidizing, and
drying the cells thrown off from the conjunctivie. In many other diseases
somewhat similar conclusions can be drawn.

Prelucts of Combustion.

The products of firing pass out into the atmosphere at large ; those of
lighting are fur the most part allowed to disseminate in the room.
Coal of average quality gives off in combustion—

1. Carbon.—About 1 per cent. of the conl is given off’ as fine carbon
and tarry particles.  Angus Smith found in the air of Manchester
1 grain in a cube of 17,853 feet.

2. Carbonic Acid.— In Old Paris, Boussingault caleulated that 2,500,000
cubic metres of (O, were given out from combustion alone, and in
Manchester, Angus Smith has calculated that 15,000 tons of car-
bonic acid are daily thrown out.

3. Carbonic (Oxide.—The amount depends on the perfoction of combus-
tion,

4. Sulphur and Sulphurous and Sulphuric Acids.—The amount of
sulphur in coal varies from 4 to 6 or 7 per cent. In the air of
Manchester, A. Smith found 1 grain of sulphuric acid in 2000 and
1076 cubic feet. Owing to the presence of these acids, the air and
water falling through it have an acid reaction.

5. Sulphuret of carbon.

6. Ammonia and sulphide of ammonia.

7. Hydro-sulphuric acid (sometimes).

8. Water.

From some manufactories there pours out much greater quantities of S0,
(copper works), arsenical fumes, &e.

For complete combustion, 1®. of coal demands about 240 cubic feot of air,
It was caleulated by Boussingault that 2} millions of cubic metree of car-
bonic acid gas were produced daily in Paris (old boundary).
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Wood produces carbonic acid and oxide and water in large quantity, but
few compounds of sulphur. 1B of dried wood demands about 120 cubic
feet of air for complete combustion.

Coal-gas is composed of : — »
Hydrogen, . . . . 40 to 45568
Marsh gas (light carburetted hydrogen), . 35 to 40
Carhonic oxide, . . . . 3 to 66
Olefiant gas (ethylene), 3 to 4
Acetylene, .
Tetrylene, } ) 2w 3
Sulphuretted hydrogen, 2 t 3
Nitrogen, . . 2 to 25
Carhonice acid, . . 3 to 375
Sulphurous acid, |
Ammonia, or sulphide of ammonium, - . H to 1
Bisulphide of carbon, j

In some analyses the carbonic oxide has been as high as 11 per cent., and
the light carburetted hydrogen 56 ; in such cases the amount of hydrogen is
small.

When the gas is partly burnt, the hydrogen, and light and heavy car-
buretted hydrogens are almost destroyed ; nitrogen (67 per cent.), water (16
per cent.), carboyje acid (7 per eent.), and carbonie oxide (5 to 6 per cent.),
with sulphurous acid and anmnonia being the principal resultants.  And these
products escape usually into the air of rooms.

According to the quality of the gas, 1 cubie foot of gas will unite with from
‘9 to 1'64 cubic feet of oxygen, and produces on an average 2 cubic feet of
carbonic acid, and from ‘2 to *5 grains of sulphurons acid. In other words,
1 cubic foot of gas will destroy the entire oxygen of about 8 cubie foet of air.

Oil.—A lamp with a moderately good wick, burns about 154 grains of oil,
per hour, consumes the oxygen of about 3-2 cubic feet of air, and produces a
little more than § a cubic foot of carbonic acid ; 1 1b of oil demands from 140
to 160 cubic feet of air for complete combustion.

A candle of 6 to the Ih,, burns per hour about 170 grains.

The products of the combustion of coal and wood pass into the atmosphere
ot large, and usually are at once largely diluted.  Even in the smoky air of
Manchester, the carbonic acid does not exceed on an average the normal
amount (Roscoe). Thongh, on a very still day, Smith has found it as high as
12 per 1000, in London; on a windy day, it was -3, and probably is not often
above *5. In Manchester, Roscoe found a mean of -39 volumes per 1000. In
a dense fog in Manchester the amount was *6 per 1000. Mean for London,
was ‘37 per 1000 volumes. In Paris, Boussingault calculated that the whole of
the enormous amount of carbonic acid formed in twenty-four hours was dis-
sipated in the same time. At Madrid, however, the observations of Ramon da
Luna show that aeration is less complete, and that the amount of carbonic
acid averages "517, and may reach ‘8 per 1000*volumes. Still diffusion, and
the ever moving air, rapidly purify the atmosphere from carbonic acid.

It is not so, however, with the suspended carbon and tarry matters, which
are too heavy to drift far, or to ascend high. As a rule, the particles of carbon
are not found higher than 600 feet ; And the way it accumulates in the lower
strata of the atmosphere can be seen by looking at any lofty buil in
London. The air of London is a0 loaded with carbon, that even when there
is no fog, particles can be collected on Pouchet's asrometer, when only a very
small quantity of air is drawn through.
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Sulphurous and sulphuric acid, also appear to be less rapidly removed, as
Angus Smith found a very perceptible quantity in the air of Manchester ; and
the rain water is often made acid from this cause.

The products of gas combustin are for the most part allowed to escape
into rooms, but certainly this should never be allowed.

Products of Sewaye Matter,

Ordinary London sewage disengages from 1 to 1} cubic inches of gas per
hour, per gallon (Letheby), consisting of :—

Light carburetted hydrogen . . 73 per cent.
Carbonic acid, . . . . 16

Nitrogen, . . . . . 10
Sulphuretted hydrogen (variable), . . 2 to 3 per cent.
Awmmonia and sulphide of ammonium,

A putrid organie vapour, . . .

The liquid which collects on the walls of sewers is alkaline from ammonia,
and very offensive from organic matter. The organic vapour is carbo-am-
moniacal. To sewer water this putrid substance is found to coutain more
carbon than methylamine (C,H,N) = N (H,Me), and less than ethylamine
(C,H.N) = N (H,A¢).—(Odling.)

The air in sewers varies of course very much according to ventilation. Tt
is often alkaline from ammonia. The oxygen has leen known to be re
duced to 13-5 per cent., or to be in nsnal quantity. The ¢grbonie acid may
reach 2 or 3 per cent., and the sulphuretted hydrogen 3 per cent. (Parent
Duchatelet) or more ; ammonia or sulphide of ammonium is generally present.
Organie matter reckoned in Angus Smith's mode (1 grain = 1 grain of sugar
in the effect on permanganate of potash), may reach 1 grain in 60 cubic feet.
Fungi and germs of infusoria abound, and meat and milk taint mapidly when
exposed to sewage air.  The putrid vapours are very rapidly absorbed by
charconl.

The asphyxiating gases of sewers appear 10 be carbonic acid gas, and sul-
phuretted hydrogen, and sulphide of ammonia existing in large quantity.

Air of Churchyards and Vanlts,

The decomposition of bodics gives rise to a very large amount of ecarbonie
acid. Tt has been caleulated that when intramural burial was carried on in
London, 2} millions of cubie feet were disengaged annually from the 52,000
bodies then buried. Aminonia, and an offensive putrid vapour are also
given off.  The air of most cemeteries is richer in carbonic acid (‘7 to 9 per
1000, Ramon da Luna), and the organic matter is pereeptibly large when
tested by permanganate of potash.

In vaults, the air contains much carhonic acid, carbonate or sulphide of
ammonium, nitrogen, hydrosulphuric acid, and organic matter. Waller Lewis
found little SH, or CH ; or cyanogen, or phosphoretted hydrogen. 1In his ex-
periments, the gas always extinguished flame.

Fungi and germs of infusoria abound.

Gases and Vapours given out from certain Trades.

Hydrochloric acid gas, from alkali works.
Sulphurous and sulphuric acids, from copper-works— bleaching,
(Bjulllxj}‘;u'retteddhyrlrsgen, from several chemical works, especially of ammonia.
arbonic acid, carbonic oxide, and sulphuretted hydroge ick-
an e aeid, ¢ X p 1iydrogen, from brick-fields,
Carbonic oxide (in addition to ahove cases), from iron furnaces, give
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rise from 22 to 25 per cemt. (Letheby); from copper furnaces, 15 to 19 per
cent. {Letheby).
Organic vapours, from glue-refiners, bone-burners, slaughter-houses, huckeries,
Zinc fumes (oxide of zinc), from brassfourslers,
Arsenical fumes, from copper-smelting.
Bisulphide of carbon, from some India-rubber works.

Air of Marshes.

The air of typical marshes contains usually an excess of carbonic acid, which
amounts, perhaps, to ‘6 to ‘8 or more per 1000 volumes. Watery vapour is
usually in large quantity. Sulphuretted hydrogen is present, if the water of
the marsh contain sulphates, which, in presence of organic matter, are con-
verted into sulphurets, from which SH is derived by the action of vegetable
acids, Carburetted hydrogen is also often present, and occasionally free
hydrogen and ammonia, and, it is said, phosphoretted hydrogen.

Organic matter also exists in considerable quantity. Discovered by Vau-
quelin (1810 and 1811, in the air collected over the Languedoc marshes by
De Lisle), and again by Moseati (1818 in the air of a Lombardy rice tield), and
examined more recently by Boussingault (1829, 1839), Gigot (1859Y), and
Beechi (1861), the vrganic matter seems to have much the same character
always. It blackens sulphuric acid when the air is drawn through it ; gives a
reddish colour to nitrate of silver ; has a flocculent appear#ee, and sometimes
u peculiar marshy, smell, and, heated with soda-lime, affords evidence of am-
monia. The amount in Beechi's experiments was ‘00027 grammes in a cubic
metre of air (=-000118 grains in 1 cubic foot). Ozone, led through a solution
of this organic matter, did not destroy it.  Besides this organic matter, various
vegetable matters and animals, flonting in the air, are arrested when the air of
marshes is drawn through water, or sulphuric acid, and debris of plants, infusoria,
insects, and c¢ven, it is said, small crustacea are found ; the ascensional force
given hy the evaporation of water seems, indeed, to be sufiicient to Iift com-
paratively lurge animals into the air. 1t has been stated that ozone is deficient
in the air over marshex, but the observations of Burdel (Recherches sur les
tiévres paluddennes, 1858) do not confirm this.  He often found as much ozone
as in other air.  1In the air collected from the surface of lakes, containing
some aquatic plants, especially the chara, there is a large proportion of oxygen,
and this air gives, near the surface, the reaction of ozone (Ulemens), while at
some feet above the reaction is lost.  This is usually aseribed to the oxidation
of organic matter, which rises simultaneously from the water,

Air in the Holds of

The air in the holds of ships is compounded of exhalations from the woud,
bilge-water, and cargo.  Owing to the usual cooluess, and comparative im-
mabhility of the air, it often becones extremely foul,  The composition is not
knuwun, hut the smell of sulphuretted hydrogen is very perceptible, and white
paint is blackened.

SECTION IV.
FERMENTATIVE OR SEPTIC CONDITION OF THE ATMOSPHERE.

The observations of Schrader, and ospecially of Pastenr, are likely to have
o very important influence on the doctrines of Etiology. It must now be
admitted that countlers germs of vegetables and infusoria exist in the air, and
develope whenever they find an appropriate nidus, The germs of Bacterium
’ are in immense abundance ; those of the Mycoderms, Muetdines, and
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Torule are also very common.  According to Pasteur, during this development
they produce those chemical changes which have ordinarily been referred to
the action of oxygen alone. Some of these infusorial ferments, such as the
Bacteria, require oxygen for their action; others, like the Vibrios, develope
only when there is no oxygen. In either case, all that they require is an
organic menstruum, aud then either the one set of ferments or the other
comes into play, and either produces the fermentative changes and putrefac-
tion, or invariably accompanies them. The amount of these germs in the
air appears to be in proportion to the organic impurity of the atmosphere,
since organic fermentable liquids change very slowly, or not at all, when
exposed to calcined air, or to the pure mountain air,* but very rapidly when
exposed to vitiated air. A putrid cmanation, acting for a very short time,
suffices alone to change milk (Sanderson), or to commence putrefaction in
meat. According to Pasteur, different kinds of chemical change are brought
about by different germs; the alcoholic fermentations by the Torula; the
acetous fermentation by the Mycoderma accti; the lactic acid by another
kind ; the butyric acid fermentation, not by a vegetable but by a Vibrio, which
can not only live without air, but dies in it.

The importance of the septic condition of the atmosphere, ag Dr Sanderson
has tered it,+ is that it is possible that it may found to be concerned iu
some of the so-called zymotic diseases. It has been lately asserted by Davaine,
that the “sang du fate,” or splenie apoplexy of the sheep, is owing to the pre-
sence in the blood of Bacteria, and that sheep, rahbits, apd horses can be
innoculated by transferring the Bacteria.  The Bacteria is male up of straight,
eylindrical, stiff, free tilaments, § & oths and 38 5ths of a millimetre in length,
and of extreme thinness.  They mpidly absorb oxygen, and are destroyed by
putrefaction, Sulphurie acid and liquor potasse do not destroy them.  Davaine
found them in the bloml of 6 diseased sheep, never in the blood of sound sheep,

On so difficult a subject as the origin of the confagious diseases, it is not
safe to make at present any conjectures; but if M. Davaine's statement he
confirmed, une contagious diseade, at auy rate, is connected with septicity of
the air.

These germs are not destroyed except at a very high temperature,  The
Bacterium termo vesuires a heat of 2127 Fahr, to kill it, and the spores of the
Mucidines 240° Fahr. A temperature of 262° Fahr. kills all.  Merely tilter
ing the air, by drawing it through cotton wool, will cleanse it from many
infusoria (Schrader).

SECTION V,
METHODS OF PURIFYING AlIR.

The great purilying actions of Nature are diffusion, dilution, transference by
winds, oxidation, and the fall of rain.  Some of these powers are brought into
play by ventilation, presently to Le econsidercd,

Apart from ventilation, however, we can, to a certain extent, purify air by
chemical agency, though this must always be looked upon as entirely subsi
diary to ventilation. '

Hent.—The application of heat to disinfect clothing was proposed hy Dr
Henry in 1832. It is to le preswned, therefore, that the same amount of
heat would purify air.  Dr Honry disinfected searlet fover clothing by ex

* On this point Pastenr’s observations have heen denied by .;h, ‘| e, .
ha.l;nmt evidmtn’ce u;leems to b: ﬁt resent in hiu‘fa\'unr. ' others (Pouchet, ke.), but the
ew ou the Hygiene of Habitations, in the Brit. and For. Med, Chir, L O,
{ Compte Rendu de ' Acid, Juillet, 1osa’ or. Med, Chir. Rr., Oct
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posure to 212° Fahir. ; woollen clothing from plague patients, after being heated
24 hours from 144° to 167° Fahr., was worn with impunity by 56 healthy per-
sons for 14 days. It is belioved that the cessation of the plague in Egypt,
after 8t John's day, is due to the increasél heat; but possibly the hygro-
metric condition of the air may have more to do with this. It has also been
surmised that the yellow fever poison is destroyed by an intense heat.

Disinfectants or Deodorants.—Neither of these terms are good, or express
the exact or entire truth, but it is difticult now to change them.

To affect the composition of the air, we either use solids, liquids, or gases.

1. soLips,

Dried earth, lime, charcoal, and carbolates (phenates) of magnesia and lime
are the principal solids,

Of these charcoal is the most effectual ; it presents an immense surfaco to
the air; the porosity of beechwood charcoal 1s such that 1 cubic inch equals
100 squarc feet of surfuce (Liebig) ; it separates and absorbs oxygen from air
(Sennebier, quoted by Chevallier, “Trait¢ des Desinfect.,” p. 146, and A.
Smith), and oxydizes rapidly almost ¢very substance capable of 1t.  Its action is
not indiscriminate, but elective (A. Smith) ; when charcoal which has absorbed
oxygen is warmed, it gives off carbounic acid (A. Smith), a proof of its great
oxidizing power. Exposed to the air in bags or shallgw pans, it absorbs
rapidly and oxidizes organic matter ; its effect is especially marked with sew- |
age gases, and with the organic emanations in disease. 1t also absorbs sul-
phuretted hydrogen.

Of the ditferent kinds of charcoul, the animul charcoal has the highest
reputation, and then peat.  But the carbon left in the distillation of Boghead
coal has been stuted to be even better than animal charcoal.® 1t vegetable
charcoal be used, it should be rather finely powdered.  The disinfecting
qualities of charconl or air srarcely lessen with time,  The use of charcoal in
this way should be a matter of routine in all hospitals, even the best venti-
lated.  Charcoal filters to be placed before the mouth have heen recommended
by Stenhouse, and might be useful in cases of very impure air.  Dried marly
earth is much inferior to charcoal, but still can be employed in the absence
of the latter,

Quicklime absorbs carbonie acid, and perhaps compounds of sulphur, and
has heen employed for that purpose.

Carbolates of lime and magnesia have been also used : their exact effect on
the air passing over them is not, 1 believe, known,

(«.) Solutions of permanganate of potash, chloride of zine, nitrate of
lead, and perchloride of iron, and a mixture of sulphate of zne and
sulphate of copper (Lanaude’s disinfectant), give off no volatile sub.
stances, and act merely on the air which comes in contact with them.  Their
effect therefore is Hmited ; and if they are used, the solutions must be placed
in flat shallow vessels, 8o as to expose a great surfaco to the air, or cloths
dipped in the solution must be hunyg in the room.

Nitrate of Lrad, or Ledoyen’s Fluid, is made by dissolving 11 of litharge in
about 7 onnces of strang nitrie acid and 2 gallons of water : a little of the
water is mixed with the litharge ; the acid is gradually added, and then the
rest of the water. This quantity will deodorice 8 moderate-sized cesapool,

- - - s s P T,

* Chievaliier - ‘Traité des Desinfectants, 1862, p, 143,
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1t acts rapidly on sulphuretted hydrogen, and can be depended upon for this

Chloride of Zine.—Burnett's fluid contains 25 grains to every fluid drachm ;
1 pint is added to a gallon of weter (1 to 8). It is usually said to decom-
pose sulphuretted hydrogen until the solution becomes acid, when its action
ceases ; but Hofmann finds that it does not act on free sulphuretted hydro-
gen, but on sulphide of ammonium, forming sulphide of zinc and chloride of
ammonium, It destroys ammoniacal compounds and organic matter. The
sulphates of zinc and copper decompose free sulphuretted hydrogen, with for-
mation of metallic sulphide and water.

Permanganate of Potash or Svda (Condy's fluid) gives off oxygen, and
destroys organic matter rapidly ; ammoniacal compounds are at once decom-
posed. The permanganate of soda taken into the mouth destroys at once
the odour of tobacco (Hofmanu). .

Perchloride of Iron (FeCl) destroys sulphuretted hydrogen and sulphide
of ammonia, in both cases setting froe sulphur. Hofmann gives the formula ;

2Fe, ], + 3[(H N),5] = 2(Te,8) + 6H NCT+ 5.

(5.) Chlorides of lime and soda, nitrous acid, solution of sulphurous ucid,
pyroligneous acid, act on the air chiefly or entirely by the guses which pass off
from them, and their effect are considered under that head.

L ]
3. casEs.

The evolution of gases into the air is the most powerful means of purifying
it independent of ventilation. The principal gases are chlorine, hyponitrous,
nitrous, and sulphurous acid, ammonia, acetic acid.

Chlorine.—Given off from chiloride of lime, moistened with water, and
placed in shallow vessels, or from chloride of sada, or evolved at once,

Preparation of Chlyrine.~Four parts by weight of strong hydrochloric acid
are poured on 1 part of powdered binoxide of manganese, or mix 4 parts of
common salt and 1 part binoxide of mangunese with 2 parts by weight of
sulphuric acid and 2 of water, and heat gently.  According to the size of
the room, the actual weight of the substances taken must vary.

A still better plan is to take 2 tablespoonsful of common salt, 2 teaspoonsful
of red lead, half & wine-glassful of sulphuric acid, and o quart of water,  Mix
the lead and walt with the water, stir well, and add the SO, gradually.
Chlorine is evolved, and is absorbed by the water, from which it is slowly
given out. It may be kept in a jar or stoppered bottle, left open as occasion
may reyuire.*

Chlorine decomposes sulphuretted hydrogen and sulphide of ammonium at
once, and more certainly than any other gas.  Its effect on organic matter is
not quite certain, but it probably destroys it, as it bleaches organie pig-
ments, and destroys organic odours, either by abstracting hydrogen, or by in-
directly oxidising.

Todine can be easily diffused through the atmosphere by plwing a smnall
quantity on a hot plate. It will decompose SH, and destroys, thercfore,
much odour. Its action was investigated by Duroy in 1854,4 who showed
that it is a powerful arrester of putrefuction. It bas been recommended,
especially in smallpox, by Dr Richardson and Mr Hoffmanu ;3 but at present
more evidence is wanted to prove that it will destroy the virs,  As it
condenses casily, and does not probably diffuse everywhere like chlorine,
it might be expected to be less useful than chlorine,

R SO U PSR

* Medlock's “ Rocord of Pharmacy and Therapeutios,” 1858, 1. 20.
+ Chevallier Traitd des Désinfect. p. 19. re +'Brit. Mod. Jour. Dec, 5, 1663,
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Nitrous Acid* (NO,) can be evolved either by placing nitre in sulphuric acid,
or more simply, by putting a bit of copper in nitric acid and a little water.

The efficient action of nitrous acid is very great on organic matter—it
removes the smell of the deadhouse sooner than any other gas. It is rather
irritating to the lungs, and, in some persons, large quantities of it cause
vertigo, nausea, and even vomiting. If possible, when it is used, the rooms
shoulg be cleared ; if not, it should be disengaged slowly, which can always
be done by diluting the nitric acid.

The action o nitrous acid results from the ease with which it parts with
one equivalent of oxygen to any oxidizable substance, being converted into
binoxide of nitrogen, which again at once combines with another atom of
oxygen from the air, which it again gives up, and so on.

Sulphurous Acid.—Most easily evolved by burning sulphur. It decom-
poses sulphuretted hydrogen (SO, + 2 1IS=3 8 + 2 HO), and also combines
with ammonia. It has also been supposed to act powerfully upon organic
matter (Graham), and probably does so if ammonia is not present. ~Guyton
de Morveau, who studied the action of this acid, was of opinion that it com-
pletely disinfects miasms, and gives some evidence on this point.+

Vinegar and Ammonia.—The vapour of vinegar is an old remedy, and was
much employed by Howard in the purification of jails; the efficient agents
were probably heat and ventilation, which Howard made use of at the same
time. The vinegar would, of course, neutralise any ammoniacal vapours which
might be in the air; whether its action would extend beyond this is doubtful.

The vapour of ammonia would not @ priori seem likely to be at all a disin-
fectant. Payen, however, believes that it has an effect on malaria, the evi-
dence, however, mercly being, that periodic fevers bave diminished in certain
districts in France since the establishment of manufactories in which ammonia
is evolved. But so many other possible causes of this diminution suggest
themselves, that the evidence must be considered very slight.

Of the three important gascous disinfectants, chlorine, nitrous acid, and
sulphurous acid, the nitrous acid is probably the most powerful, but it is use-
ful to employ all three, alternately, or even together. The use of such agents
can never supersede ventilation, and if they were allowed to do so, their em-
ployment would be more hurtful than otherwise, but, as auxiliaries to ven-
tilation, we ought not to neglect them.

Effect of the Gaseous Disinfectants on the Specific Discascs.

Cholera.—Many experiments made in Austria and Hungary, in 1832,
seom to prove that chlorine diffused in the air has no action on the spread of
cholera. Mr Herapath, of Bristol, asserted, in 1849, that it was a complete
preservative ; but the Hungarian experiments are much more conclusive, in-
asmuch as they were positive, and not negative, results; that is to say,
chlorine did not prevent the outbreak of cholera. Charcoal also so far ap-
pears inert, that in the Crimean war cholers prevailed severely on board a ship
loaded with charcoal, and Dr Sutherland informs me it is quite useless. Ramon
da Luna has asserted that nitrous acid has really a preservative effect, and that no
one was attacked in Madrid who used fumigations of nitrousacid. But negative
evidence of this kind requires to be on a very large basis to prove such an action.
At the same time, the fact should certainly lead to a fair trial of nitrous acid
fumes in all cholera epidemics. In none of the trials, however, were the
substances added to the stools ; they were merely diffused in the air.

* Hyponitrous acid of some writers. t Chevallier, Traité des Désinfect. p. 24.



82 AIR.

- og--d (ewanthematicus).—The nitrous acid fumes were tried vory largely
towards the close of the last century and the beginning of this, in the hulks
and prisons where Spanish, French, and Russian prisoners of war were con-
fined.* At that time, so rapidly did the disense spread in tho confined spaces,
where so many mon were kept, that the efficacy even of ventilation was d_oubtmi.
though there can be no question that the umount of ventilation which was
necessary was very much underrated.  Both at Winchester and Sheernege the

* circumstances were most difficult ; at the latter place (in 1785), in the hulk,
200 men, 150 of whom had typhus, were closely crowded togesher ; 10 females
and 24 men of the crew were attacked ; 3 medical officers had died when the
experiments commenced. After the fumigations, one attendant only was at-
tacked, and it appeared as if the disease in those already suffering became
milder, In 1797, it was again tried with success, and many reports were
made on the subject by army and naval surgeons. It was subsequently
largely employed on the Continent,+ and everywhere scems to have been useful.

There can be no doubt, in fact, that the evolution of nitrous acid should
be practised, as a matter of course, in fever wards, proper procautions being
taken to diffuse it equally through the room, in not too large quantities.

Hydrochloric acid was employed for the same purpose by Guyton de
Morveau, in 1773, but it is doubtless much inferior to nitrous acid. Chlorine
has been also employed, and apparently with good results.f

Yellow Fever.—Fumigations of nitrous acid were employed by Ramon da
Luna, § and it is asserted that no agent was so effectual in arresting the spread
of the disease.

Dysentery.—It is well known that dysentery, and especially the putrid
dysentery, may spread through an hospital from the practice of the same
close stool or latrines being used. As long ago as 1807, fumigations of
chlorine were used by Mojou || to destroy the emanations from the stools, and
with the best cffects.

Nothing precise is known respecting the effect of fumigations on the poisons
of typhoid fever or of the exanthemata. The statement of the eficiency of
iodine diffused in smallpox rooms has already been referred to.

SECTION V.,
DISEASES PRODUCED BY IMPURITIES IN AIR.

That the breathing of air rendered impure from any cause is hurtful, and
that the highest degree of health is only possible when to other favourable
conditions is added that of a proper supply of pure air, might be inferred
from the physiological evidence of the paramount importance of proper
aeration of the blood. Experience strengthens this inforence,  Statistical

* It was used at Winchester, in 1780, by Carmichael Smith, and again at Shevrness, in
1785, Smith published several accounts :—-** Au arcount of the experiment made y
of the Lords C’t,)mnnm joners of the Admiralty. By J. C. Bmith, 1706.” 4 the desirs

1 Chevallier, Traité des Désinfectants, pp. 39, 40.

3 lbid.,m 14, 15.

i wor m’,’!’ f w{m&ml i

) is words, as quo ¢ ier, are interesting :--* The dysentery becawne contmgious
in the hospital at (?enoa; u{mm all the sick of my division, near ﬁwr{veu atmked.;x‘md,
an we know that this disease, when contagious, is communicated m&hmrfly from one person to
another by the abuse which exists in all hospitals of making the sume latrines serve for all the
sick of a ward, | wished to see if fumigatious of chlorine the power of destro these con.
tagious exhalations. I therefore caused fumigations to by used twice daily in m%m, and,
in & few days, 1 was shle to destroy that terrible scourge which already had made somie
victims.” It appears that the chlorine was, therefors, in the sir, and not to the stools.
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inquiries on mortality prove beyond a doubt that of the causes of death,
which usually are in action, impurity of the air is the most important. Indivi-
dual observations confirm this. No one who has paid any attention to the
condition of health, and the recovery from disease of those persons who fall
under his observation, can doubt that impurity of the air marvellously affects
the first, and influences and sometimes even regulates the second® The
average mortality in this country increases tolerably regularly with density of
population. Density of population usually implics poverty and insufficient
food, and unhealthy work, but its main concomitant condition is impurity of
air from overcrowding,t deficiency of cleanliness, and imperfect removal of
excreta, and when this condition is removed, a very dense and poor popu-
lation may be perfectly healthy. The same ovidence of the effect of pure and
impuroe air on health and mortality is still more strikingly shown by horses;
for in that case the question is more simple on account of the absolute simi-
larity in different periods or places of food, water, exercise, and treatment.
Formerly, in the French army, the mortality among the horses was enor-
mous, Rossignol} states that, previous to 1836, the mortality of the French
cavalry horses varied from 180 to 197 per 1000 per annum. The enlarge-
ment of the stables, and the * increased quantity of the ration of air,” reduced
the loss in the next ten years to 68 per 1000. At present it is said to be a
little greater than this, viz., 85 per 1000, of which ahout 50 per 1000 is from
glanders or farcy.§ But in some cases in the French army a much greater
ventilation has reduced the mortality still more. In the Italian War of 1859,
M. Moulin, the chief veterinary surgeon, kept 10,000 horses many months in
barracks open to the oxternal air in place of closed stables. Scarcely any
horses were sick, and only one case of glanders occurred. ||

In the English cavalry (and in English racing stables) the same facts are well
known. WilkinsonY informs us that the annual mortality of cavalry horses
(which was formerly great) is now reduced to 20 per 1000, of which one
half is from accidents and incurable diseases. Glanders and farcy have
almost disappeared, and if a case occurs, it is considered evidence of neglect.

The food, exercise, and gencral treatment being the same, this result has
been obtained by cleanliness, dryness, and the freest ventilation. The venti-
lation is threefold—ground ventilation, for drying the floors; ceiling ventila-

* Beo the chapter on Hospitals for detailed proof.

1 See Dr Duncan’s evidence in the Health of Towns Reports, vol. i. p. 131. On this point Dr
Gairdner han also hrought together some good evidence in his work on ¢ Public Health in rela-
tion to Air and Water,” p. 52, f seq.

The following part of his table may be quoted : —

i

Population to one square * Population to one re !

imile I disriots tuken | Desths per 1000per  FOL T it taken Deaths per 1000 per

! In England. q England. |
56 15 ’ £ 2
| 106 16 i 455 23
‘[ 144 17 b 1216 24

\! €]

i Booom o E

02 20 ; 2000 27 and upwards.)

220 2 i ;

Admitting that several causes are acting here, the incrense is 3o regular as to lead to the belief
that one grand condition must be dominant.

% v’l}rﬁlkt&g;ﬁysiéns k{li)imm.noPl?l, 1857,
n--Journal of the Agrionitural Society, No. 50, p. 91, ef ang.
| Larrey——Hygione des Hop, M0, 1065, 1 6 ’ P §op. .
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tion, for discharge of foul air ; and supply of air beneath the horses’ noses, to
dilute at once the products of respiration. i

In cow-houses and kennels similar fucts are well known ; disease and health
are in the direct proportion of foul and pure air. L .

The air may affoct health by variations in the amount or condition of its nor-
mal constituents, and by differences of physical properties. These conditions
will be considered in the chapter on CLiMATE, and in this place I shall merely
attempt a brief analysis of the effect of the different impurities on health. It
will be seen that while the immense effect of impure air cannot be for a mo-
ment doubted, it is not always easy to assign to each impurity its definite action.
The inquiry is, in fact, in its infancy; it is difficult, and demands a more

ing analysis than has been, or perhaps than can be at present, given.
When impure air does not produce any very striking disease, its injurions
effects may be overlooked. And in this, it appears to me, consists the fallacy
of some of Parent Duchitelet’s observations. In many cases he looked in
vain for fever or for marked diseases. But we mow know that unless the
specific cause be presemt, no mere foulness of air will produce a specific dis-
ease. The evidences of impairment of health are a larger proportion of ill
health—i.e., of days lost from sickness in the year—than under other circum-
stances ; an increase in the severity of many diseases, which, though not
caused, are influenced by impure air; and a higher rate of mortality especially
among children, whose delicate frames always give us the best test of the
effect both of food and air. In many cases accurate statistical inquiries on a
large scale can alone prove what may be in reality a serious depreciation of
public health,

Sus-Secrioy I.—1. SusPENDED MATTERS.

1. Mineral Substances.—A considerable number of substances suspended
in the atmosphere produce diseases from mere mechanical causes, such as
ophthalmia or nasal catarrh, from irritation of dust, or bronchitis, from the
inhalation of fine particles of coal, sand, steel, or other metal, flocks of cotton,
flax, hemp, or fine dust ; and dyspepsia, from similar substances being swal
lowed.* The disease of the lungs appears in some cases to run the ecourse
of phthisis, but in many instances it is chronic bronchitis, followed by
emphysema. A large number of the unhealthy trades are chiefly so from this
cauge ; this is the case in part with miners of all kinds. Mr Simont states
that, with one exception, the 300,000 miners in England break down as a
class prematurely from bronchitis and pneumonia, caused hy the atmosphere
in which they live. The exception is most important. The colliers of Dur-
ham and Northumberland, where the mines are well ventilated, do not appear
to suffer from an excess of pulmonary disease, or do 80 in a slight degree.

In different mines, also, the amount of pulmonary disease is different,
apparently according to the amount of ventilation.

In the pottery trade all classes of workmen are exposed to dust, especially,
however, the flat-pressers. So common is emphyscma that it is called * the
potters’ asthma.”

® Thackrah enumerstes the following trades—The Effects of Arts, Trades, and Professt
on Health, 1832, p. 68:—The workmen who were affocted injuriously by the du'nt of their t.n?d:
30 years ago even, and the same list will almost do for the t day : Corn-millers, maltaters,
teamen, coffee-roasters, snnfl-makers, ]:rmnken, flock-dressers, feather-dressers, ahoddy.
ers, weavers of coverlets, weavers of harding, drossers of hair, hatters employed in
b mwood,dzwmmgﬁn;;n.dm of ”',‘i,“"d imﬂmi-, worlrl::! in :hx, dressers of hemp, some workers
colliers, iron miners, nders
ey T
cer O Couneil, 1 . 15, ot segq,
Alridge in B. and F. Med. Chir. Rev. July 1864, for the effects m”f%&’ui,“ dag, ootk
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8o also among the china scourers ; the light flint dust disengaged in great
quantities is a  terrible irritant.” Dr Greenhow states that all sooner or
later become * asthmatical.”

The grinders of steel, especially of the finer tools, are perhaps the most
fatally attacked of all, though of late years the evil has been somewhat
lessened by the introduction of wet-grinding in somoc cases, by the use of
ventilated wheel-boxes, and by covering the work with linen covers when
practicable. The wearing of masks and coverings for the mouth appears to
be inconvenient, otherwise there is no doubt that a great amount of the dust
might be stopped by very simple contrivances.

Button-makers, especially the makers of pearl buttons, also suffer from
chronic bronchitis, which is often attended with hemoptysis. So also pin
pointers ; some electro-plate workmen, and many other trades of the like kind,
are more or less similarly affected.

In some of the textile manufactures much harm is done in the same way.
In the carding rooms of cotton and wool spinners, there is a great amount of
dust and flue, and the daily grinding of the engines disengages also fine
particles of stecl. .

In flax fuctories a very irritating dust is produced in the process of hackling,
carding, line preparing, and tow spinning. Of 107 operatives, whose cases
were taken indiscriminately by Dr Greenhow, no less than 79 were suffering
from bronchial irritation, and in 19 of these there had been haemoptysis.
Among 27 hacklers, 23 were diseased.* These evils appear to be entirely
and easily preventable.

The makers of grinding-stones suffer in the same way.

In making Portland cement, the burnt masses of cement are ground down,
and then the powder is shovelled into sacks ; the workmen doing this cough
a great deal, and often expectorate little masses of cement. I have been
informed by some of them that if they had to do the same work every day, it
would be impossible to continue it on account of the lung affection.

In making bichrumate of potash, the heat and vapour employed carries up
fine particles, which lodge in the nose and cause great irritation, and finally
ulceration, and destruction of both mucous membrane and bone. Those who
take snuff escape this,. The mouth is not affected, as the fluids dissolve and
get rid of the salt. The skin is also irritated if the salt is rubbed on it, and
fistulous sores are apt to be produced. No effect is noticed to bhe produced on
the lungs.t Washing the skin with subacetate of lead is the best treatment.

At present it would appear that the nature of the suspended substance has
little influence ; the quantity, fineness, and irritating properties (depending
probably on the sharp angles of the particles) appear to be the important
points.

In the process of sulphuring vines, the eyes often suffer, and sometimes
(especially when lime is used with the sulphur) decided bronchitis is produced.

In some trades, or under circumstances, the fumes of metals, or particles of
metallic compounds, pass into the air. Brassfounders suffer from bronchitis
and asthma as in other trades in which dust is inhaled ; but, in addition,
they also suffer from the disease described by Thackmh as * brass ague,” and
by Dr Greenhow as “ brassfounders’ ague.” It appears to be produced by
the inhalation of fumes of oxide of zinc ; the symptoms are tightness and
vppression of the chest, with indefinite nervous sensations, followed by

shivering, an indistinct hot stage, and profuse sweating. These attacks are
not periodical.

® Mr Simon's Fourth Report, p. 19, + Chevallier, Ann. A'Hygidne, July 1863, p. !



86 AIR,

aa i ave affected somewhat in the same way, by the fuines arising
from the partly volatilized metal, or from the spelter (solder). )

Tinplate workers also suffer occasionally from the fumes of the soldering.

Plumbers inhale the volatilized oxide of load which rises during the process
of casting. Nausea and tightness of the chest are the first symptoms, and
then colic and palsy.

Manufacturers of white lead inhale the dust chiefly from tho white beds
and the packing.

House painters also inhale the dust of white lead to a certain extent,
though in these, as in former cases, much lead is swallowed from want of
cleanliness of the hands in taking food.

Workers in mercury, silverers of mirrors, and water gilders (men who coat
silver with an amalgam of mercury and gold). are subject to mercurialismus.

Workmen who use arsenical compounds, either in the making of wall papers
or of artificial flowers, &c., suffer from slight symptoms of arsenical poisoning,
and many persons who have inhaled the dust of rooms papered with arsenical
papers have suffered from both local and constitutional effects ; the local being

, smarting of the gums, eyes, nose, wdema of the eyclids, and little ulcers on
the exposed parts of the body ; the constitutional being weakness, fainting,
asthma, anorexia, thirst, diarrhaa, and sometimes even severs nervous symp-
toms. Arsenic has been detected in the urine of such persons.

2. Qerms of Infusoria, Funyl, §e., in the Air.—The speculations which
have attributed the spread of epidemic dixeases to the action of fungi® have
regained interest since the investigations of Schraeder, Pasteur, and Davaine,
The observations of the latter observer on the production of the splenic
apoplexy of the sheep by the multiplication of bacteria in the blood, if
correct, can hardly be without some effeet on our opinious respeeting
analogous diseases, At present it can searcely be said that this subject
of propagation of the epidemic diseases by fungi has passed out of the realm
of conjecture.

Dr Salisbury+ of Ohio has affirmied that the prevalence of moasles in the
Federal army arvse from fungi on mouldy straw.  He inoculated himself, his
wife, and forty other persons with the fungi, and produced a disease like
measles in from 24 to 96 hours. It is stated also that this disease was
protective against measles, 1 have not yet scen any conlirmatory observa
tions ; but it has heen objected to Dr Salishury's statement that it seems
extraordinary that the lumbermen of Maine, Pennsylvunia, and Minnesota, who
have slept on mouldy straw since childhood, should contract measles from heds
of like material in military encampments, Dr Woodward (United States
Arny) has repeated Dr Salisbury’s experiments, and does not confirm them.}

3. Orguaic Substances. —The most mmportant class of diseases produced by
impurities in the atmosphere is certainly caused by the presence of organic
matters floating in the air, since under this heading cume all the specific
diseases. The exact condition of the organic matter is unknown ; whether
it is in the form of impalpable particles, or moist or dried epithelium and
pus cells, is a point for future inquiry ; and whether it is always contained
in the substances discharged or thrown off from the hody (as is certainly the
case in smallpox), or is produced by putrefactive changes in those discharges.
as is supposed to be the case in cholera and dysenfery, is also a matier of
doubt. But, from the way in which, in many cases, the organic

* Cawdell, Mitchell, Holland, &c.
+ American Journal of the Medical Seiences, July

.

+ Camp Diseases in the U.K. Army, p. 275, The §
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is absorbed by hygroscopic substances, it would appear that it is often com-
bined with, or is at any rate condensed with, the water of the atmosphere,

The specific poisons manifestly differ in the ease with which they are oxi-
ized and destroyed. The poison of typhus exanthematicus is very readily
got rid of by free ventilation, by means of which it must be at once diluted
and oxidized, so that a few feet give, under such circumstances, sufficient
protection. This is the case also with the poison of oriental plague; while,
on the other hand, the poisons of smallpox and scarlet fever will spread in
spite of very free ventilation, and retain their power of causing the same
disease for a long time ; even it may be for weeks, or, in the case of scarlet
fever, for months, 1Is it that in one case the poison is a mere cloud of
molecules ; in the other is contained in epithelium and pus cells, thrown off
from the skin in both cascs, and from the throat also in one; and which ad-
hering to walls, clothes, &c., partially dry, and then can be rendered again
active by warmth and moisture?

In the case of -malarin, the process of oxidation must be slow, since the
poison can certainly be carried for many hundred yards ; even sometimes for
more than a mile in an upward direction, or horizontally if it does not pass
over the surfaco of water,  The poison of cholera also, it is supposed, can be
blown by the winds for some distance ; but the most recent observations on
its mode of spread renders it probable that the portability of the poison in
this way has been overrated, :

But organic matters carrying the specific poisons are not the only suspended
substances which thus float through the atmosphere.

There can be no doubt that while purulent and granular ophthalmia most
frequently spreads by direct transference of the pus or cpithelium cells, by
means of towels, &c.; and that erysipelas and hospital gangrene, in surgical
wards, are often carried in a similar way, by dirty sponges and dressings,
another mode of transference is by the passage into the atmosphere of dis-
integrating pus cells and putrefying organic particles, and hence the great
effect of free ventilation in military ophthalmia (Stromeyer), and in erysipelas
and hospital gangrene. In both these diseases, great evaporation from the
walls or floor seems in some way 1o aid the ditfusion, either by giving a great
degree of humidity, or in some other way. The practice of frequently washing
the floors of hospitals is well known to increase the chance of erysipelas,

It is & question even whether we shall not be obliged to extend this view,
and to believe that every pus or epithelium cell, or even formless organic
substance floating in the air, may not, if it find a proper place or nidus, in or
on which it can be reccived, communicate to it its own action.

Sup-Secrion 11.—2. Gaseous MATTERs.

(¢.) Cavbonic Acid.—The normal quantity of carbonic acid being 4
volumes per 1000, it produces futal results when the amount reaches 50 per
1000 volumes ; and at an awount much below this, 15 or 20 per 1000, ity
produces, in sume persons at any rate, severs hemlache. Other persons can
inhale, for a brief period, considerable quantities of carbenic acid without in-
jury; and animals ¢an be kept for a long time in an atmosphere highly
charged with it, provided the amount of oxygen be also increased. Probably
indeed, discomfort, indicating the commencement of poisoning, is produced by
a quantity bolow this ; but exact experiments to show the precise effect of
small quantities of carbonic acid, unmixed with other gaseous substances, in
different persons, are yot wanting. In the air of respiration, headache and
vertigo are produced when the amount of carbonic acid is not more than 15
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to 8 volumes per 1000 ; but then organic matters, and possibly other gases,
are present in the air. Well-sinkers, when not actually dissbled from con-
tinuing their work by carbonic acid, are often affected by headache, sickness,
and loss of appetite ; but the amount of carbonic acid has never been deter-
mined.

The effect of constantly breathing an atmosphere containing an excess of
carbonic acid (up to 1, or 1'5 per 1000 volumes) is not yet known. It has
been supposed that lung diseases, especially phthisis, are produced by it ; but
as this opinion has been drawn merely from the effects of the air of respiration,
which is otherwise vitiated, it cannot be considered to stand on any sure basis.

It may be a question to what extent the presence of & large amount of car-
bonic acid in the air might lessen the elimination of carbonic scid from the
lungs, and thus retain the gas in the blood.

On the whole, when the amount of carbonic acid is below the amount which
produces symptoms of decided poisoning (headache, oppression, &c.), it seems
uncertain what effects are to be attributed to it. .

(b.) Cuarbonic Oxride.—Of the immense effect of carbonic oxide, there is no
doubt. Less than } per cent. has produced poisonous symptoms, and, more
than one per cent. is rapidly fatal to animals. It appears from Bernard’s, and
from Lothiir Mever's observations,® that the carbonic oxide, volume for volume,
completely replaces the oxygen in the blood, and cannot be again displaced by
oxygen ; so that the person dies asphyxiated. 1t scems in fact, as Hoppe
conjectured, to completely paralyse, so to speak, the red particles, so that
they cannot any longer be the carriers of oxygen.

&c;()) Sulphuretted Hydroyen.—The evidence with regard to suphurctted
hydrogen is contradictory. While dogs and horses are affected by com-
paratively small quantities (1-25 and 4 volumes per 1000 volumes of air, and

suffer from purging and rapid prostration), men can breathe a larger quantity.
Parent Duchitelet inhaled an atmosphere containing 29 volumes per 1000
for some short time.+

When inhaled in smaller quantities, and more continuously, it has appeared

in some cases haruless, in others, hurtful.  Thackrah, in his inquiries, could
trace no bhad effect, It is said that in the Bonnington chemical works,
where the ammoniacal liquor from the Edinburgh gas-works is converted into
sulphate and chloride of ammonium, the workmen arc exposed to the fumes
of hydro-sulphate of ammonia, and of hydro-sulphuric acid, to such an extent
that coins are blackened; yet no special malady is known to result.  The same
observations have been made at the Britannia metal-works, where a superticial
deposit of sulphuret is decomposed with acids. It has not as yet been shown
that these workmen enjoy an equal share of health and vigour with those en-
gaged in other trades, and it must also be remembered, that the deleterious
atmosphere is only breathed during part of the day, and that the quantity of
SH may, after all, be small, as no quantitative analysis has yet becn made.

So large a quantity of SH is given out from some of the salt marshes at
wSingapore, that slips of paper moistened in acetate of lead are blackened in
the open air, yet, not only is no bad effect found to ensue, but Dr Little has
even conjectured (on very disputable grounds, however) that the SH may
neutralise the marsh miasma,

On the other hand, some of the worst marshes in Italy are thoss in which

® De Sanguine Oxydo Carbonico Infecto, 1858, Reviewed in ‘“ Virchow's Archiv. " band xv.,
y.:sg‘.l dSee %”kf‘by' ¢ c;hem‘iiul lr:'ewa," Aprr’:lt 1862, N ted

ogs, Herbert Barker found a larger quantity necessary than thst stated above, viz.
429 per l(&hrfpld.ly fatal ; 208 per thousand may be fatal; hut -5 per 1000 may| ° ’

sawinne svenend e



EFFECTS OF IMPUKE AIR. 8Y

SH exists in large quantity in the air, and, in direct opposition to Little, it
has been supposed that the highly poisonous action of the marsh gas is partly
owing to the sulphuretted hydrogen. Again, in the making of the Thames
Tunnel, the men were exposed to SH, which was formed from the decom-
position of iron pyrites ; after a time they bocame feeble, lost their appetites,
and finally passed into a state of great prostration and anemia. Nor, as far
as is known, was there anything to account for this except the presence of
sulphuretted hydrogen.

ZB: Josephson and Rawitz * have also investigated in mines, effects pro-
duced apparently by sulphuretted hydrogen ;—two forms of disease are pro-
duced—pure narcotic, and convulsive and tetanic symptoms. In the first
case, the men became pale, the extremities got cold. There was headache,
vertigo, a small weak pulse, sweating, and great loss of strength. On this,
spasms and tremblings sometimes followed, and even tetanus. These symp-
toms were acute, and not, as in the Thames Tunnel case, chronic. When
these attacks occurred, the temperature was high and the air stagnant.

The ohservations of Clemens, also, on the development of boils from the
passage of SH into the drinking-water from the air, if not convincing, cannot
be overlooked. (See page 60.)

The symptoms produced hy sulphide of ammonium in dogs are said, by
Herbert Barkert to differ from those of SH. There is vomiting without
purging, quickened pulse, and heat of skin, followed by coldness and rapid
sinking.

(d.) Curbureticd Hydrogen.—A large quantity of carburetted hydrogen
can he breathed for a short time; as much, perhaps, as 200 to 300 volumes
per 1000. Above this amount it produces symptoms of poisoning, headache,
vomiting, convulsions, stertor, dilated pupil, &ec.

Breathed in small quantities, as it constantly is by some miners, it has not
been shown to produce any had effects, but here, as in so mauny other cases,
it is to be wished that a more subtle examination of the point were made.
r’i:.hlout producing any marked disease, it may yet act injuriously on the

ealth.

(e.) Ammoniacal Vapours.—An irritating offect on the conjunctiva seems
to be the most marked effect of the presence of these vapours. 1 am not
aware of any evidence showing any other effect on the health.

(/) Sulphurous Acid Gas.—The bleachers in cotton and worsted manufac-
tories, and storers of woollen articles, are most cxposed to this gas, the
amount of which, in the atmosphere, is, however, unknown. The men suffer
from bronchitis, and are frequently sallow and anwmic.

When sulphurous aeid is evolved in the open air, and, therefore, at once
largely diluted, as in copper smelting, it does not appear to produce any bad
offects in men, though it atfects herbage from heing washed down with rain,
and, through the herbage, cattle, causing affections of the boues, falling off
of the hair, and emaciation.

(9.) Hydrochlvoric Acid Vapours in large quantities are very irritating to
the lungs; when poured out into the air, as formerly the case in the alkali
nianufactures, they are so diluted as apparently to produce no effect on men,
but they completely destroy vegetation.

(h.) Bizulphide of Carbon.—In cortain processcs in the manufacture of
vulcanised india-rubber a noxious gas is given off, supposed to be the vapour
of bisulphide of carbon. It produces headache, giddiness, pains in the limbs,

¢ 8chmidt Jahr, hand cx. p. 334, and band. cxvii. p. 85.
+ On Malaris and Minsmata, p. 212.
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formication, sleeplessness, nervous depression, and complete loss of appetite.
Sometimes there is deafness, dyspnwa, cough, febrile attacks, and sometimes
even amaurosis and paraplegia (Delpech). Thoe effects seum due to a direct
anesthetic effect on the nervous tissue,

Sus-SrcrioN HII.—ErrrcT o AIR IMPURE FROM SEVERAL SUBRTANOCES
ALWAYS CO-EXISTING.

The examination of the effects of individual gases, however important, can
never teach us the results which may be produced by breathing air rendered
tfoul by a mixture of impurities, The composite effect may possibly be very
different from what would have been anticipated from a knowledge of the
action of the isolated substances.

(a.) Air Rendered Impure by Respiration (See page 70.)—The effect of the
foetid air containing organic matter, excess of water and earbonic acid, pro-
duced by respiration, is very marked upon many people ; heaviness, headache,
inertness, and in some cases nausea, are produced. From exporiments on
animals in which the carbonic acid and watery vapour were removed, and
organic matter alone left, Gavarret and Hammond have found that the organic
muatter is highly poisonous. Hammond found that a mouse died in forty-five
minutes, and 1 have known cases in which the inhalation of such an atmo-
sphere for three or four hours produced in men decided febrile symptoms
{(increasud temperature, quickened pulse, furred tongue, loss of appetite, and
thirst), for even twenty-four or forty-cight hours subsequently.

‘When the air is rendered still more impure than this, it is rapidly fatal, as
in the case of the Black Hole at Culeutta, of the prison in which 300
Austrian prisoners were put after the hattle of Austerlitz (when 260 died
very rapidly), and of the steamer Londonderry,  The poisonous agencies are
probably the organic matter and the deficient oxygen, as the symptoms are
not those of pure asphyxia. It persons survive, a febrile condition is left be-
hind, which lasts three or four days, or there are other evidences of affected
nutrition, such as hoils, &e.

When air more moderately vitiated by respiration is breathed for a longer
period, and more continuously, its effeets become complicated with those of
other conditions.  Usually a person who is compelled to breathe such an atmo-
sphere is at the same time sedentary, and, perhaps, remains in a construineld
position for several hours, or possibly is also under-fed or intemperate.  But
allowing the fullest efficet to all other agencies, there is no doubt that the
breathing the vitiated atmosphere of respiration has a most injurious effect on
the health.*  Persons soon become pale, and partially lose their appetite, and
after a time decline in muscular strength and spirits,  The aeration and nutri-
tion of the blood seem to b interfered with, and the general tone of the
system falls below par, so that there appears to be less resistance to the action

of morbific causes.  Of special discases it appears pretty clear that pulmonary
affections are more common,

Such persons do certainly appear to furnish a most undue percontage of
phthisical cases. The production of phthisis from impure air (aided most
potently, as it often is, by coincident comditions of want of exercise, want of
‘good food, and excessive work) is no new doctrine.  Baudelocque long ago as-
serted that impure air is the great cause of scrofula (phthisis), and that heredi-
tary predisposition, syphilis, uncleanness, want of clothing, bad food, =~

® Soc among & number of other instances Guy’s evidenve before the Health of Towns Com.
mission, vol. i. p. 89, o sep., and 8. Smith, ibid. p. 37, et seq.
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and humid air, are by themselves non-effective. Carmichael, in his work on
scrofula (1810), gives some most striking instances, where impure air, bad
diet, and deficient exercise concurred together to produce a most formidable
mortality from phthisis. In one instance, in the Dublin House of Industry,
whare scrofula was formerly so common as to be thought contagious, there
were in one ward, 60 feet long and 18 feet broad (height not given), 38 beds,
each containing four children ; the atmosphere was so bad that in the morning
the air of the ward was unendurable. In some of the schools examined by
Carmichael, the diet was excellent, and the only causcs for the excessive
phthisis were the foul air and want of exercise. This was the case also in
the house and school examined by Neil Amott in 1832,  Lepellotier (Traité
Complet de la Maladie Scrophuleuse) also records some good evidence. Pro-
fessor Alison, of Edinburgh, strongly insisted on this fact, and Sir James
Clark, in his invaluable work, lays great stress on it.  Neil Arnott, Toynbee,
Guy, and others brought forward some striking examples before the Health
of Towns Commission (First Keport, 1844, vol. 1. pp. 52, 60, 69, 79, &c.). Dr
Henry Connac has insisted with great cogency on this mode of origin of
phthisis, and Dr Greenhow, in his * Report on the Health of the People of
England,” also enumerates this cause as occupying a prominent place.

In prisons, the great mortality which formerly occurred from phthisis, as
for example at Millbank (Baly), seemed to be owing to bad air conjoined
with inferior diet and moral depression.

Two Austrian prisons in which the diet und mode of life were, it is be
lieved, essentially the same, offer the following contrast :—

In the prison of Leopoldstadt at Vienna, which was very badly ventilated,
there died in the years 1834—1847, 37X prisoners vut of 4280, or 86 per 1000,
and of these no less than 220, or 514 per 1000, were frome phthisis ; there
were no less than 42 cases of acute miliary tuberculosis,

In the well-ventilated House of Correction in the same city, there were in
five years (1850-1854) 3037 prisoners, of whom 43 died, or 14 per 1000, and
of these 24, or T'Y per 1000, died of phthisis. The comparative length of
sentences is not given, hut no correetion on this ground, if needed, could ac-
count for this discrepancy.  The great prevalence of phthisis in some of the
Indiun jails appears to be owing to the same cause, combined with insufficient
diet. *

The now well-known fact of the much greater prevalence of phthisis in most
of the European armies (Freneh, Prussian, Russian, Belgian, and English)
can scarcely be accounted for in any other way than by supposing the vitiated
atmosphere of the burrack-room 1o be in fault.  This is the conclusion to
which the Sanitary Commissioners fur the Army came in their celebmated
report, after assigning all probable influence to exposure on duty, intemper-
ance, and a somewhat fanlty diet.  Aud if' we must attribute some influence
to the pressure of ill-made accoutrements, and to the great prevalence of
syphilis, still it can hardly be doubted that the chief cause of phthisis among
soldiers haa to be sought somewhers else, when we sce that with very differ-
ent duties, a varinhle amount of syphilis, ansd altered diet, a great amount
of phthisis has prevailed in the most varied stations of the army, and in
the most beautiful climates ; in Gibraltar, Malta, Ionia, Jamaice, Trinidad,
Bermuda, &c. (see history of these stations), in all which places the only com-
mon condition was the vitiated atmosphere which cur barrack system every-
where produced.  And, as if to clench the argument, there has been of late
years & most decided decline in ghthisical cases in these stations, while
the only circumstance which has notably changed in the time has been the
condition of the air. So also the extraordinary amount of consumption
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which prevails in the men of the Royal and Merchant Navies, and which, in
some men-of-war, has amounted to & veritable epidemic, is in all probability
attributable to the faulty ventilation.*

The deaths from phthisis in the Royal Navy averaged (3 years) 2'6 per 1000
of strength, and the invaliding 3'9 per 1000. The amount of consumption
and all lung diseases was remarkably different in the different ships. These
inferences have received the strongest corroboration from the outbreak of a
lung disease leading to destruction of lung tissue in several of the ships on
the Mediterranean station in 1860. Dr Bryson traces this clearly to con-
tamination of the air, and notices that in several cases the discase appeared to
be propagated by contagion. It may be inferred that pus cells were largely
thrown off during coughing, and floating through the air, were reccived into
the lungs of other persons.

The production of phthisis in animals confirms this view. The case of the
monkeys in the zoological gardens narrated by Dr Arnott is a striking in-
stance. Cows in close stables frequently die from phthisie, or at any rate
from a destructive lung disease (not apparently pleuro-pneumonia), while
horses, who in the worst stables have more free air, and get a greater amount
of exercise, are little subject to phthisis, But not only phthisis may most
reasonably be considered to have one of its modes of origin in the breathing
an atmosphere contaminated by respiration, but other lung discases ; bronchitis
and pneumonia appear also to be more common in such circumstances. Both
among seamen and civilians working in contined close rooms, who are other-
wise 8o differently circumstanced, we tind an excess of the acute lung affec-
tion. The only circumstanee which is common to the two classes is the
impure atmosphere. (Compare especially Gavin Milroy and Greenhow.)
Some evidence is available to show that the favourite belief of these discases
being caused by transitions of temperature, and exposure to weather, has been
carried too far, and that this cause is a subordinate une to several others.

In addition to a general impaired state of health arising, probubly, from faulty
geration of the blood, and t phthisis and other lung affeetions which may
most reasonably be believed to have their origin in the constant breathing of
air vitiated by the organic vapours and particles arising from the person, it has
long been considered, and apparently quite correctly, that such un atmosphere
causes a more rapid spread of several specific diseases, especially typhus exan.
thematicus, plague, smallpox, scurlet fever, and measles. This may arise
in several ways ; the specific poison may simply accumulate in air so imper.
fectly changed, or it may grow in it (for though there may be an analogical
argument against such a process, it has never been disproved, and is evidently
not impossible); or the vitiated atmosphere may simply render the body less
resisting or more predisposed.

(b.) Air Rendered hnpure by Exhalation from the Sick.—The air of a sick
ward, containing as it does an immense quantity of organic matter, is well
known to be most injurions. The severity of many discases is increased, and
convalescence is greatly prolonged.  This appears to hold true of all discases,
but especially of the febrile. At a certain point of impurity, erysipelas and
hospital grangrene appear. The occurrence of either disease is in fact a con-
demnation of the sanitary condition of the ward. It has beeu assertéd that
hospital grangrene is a8 precursor of exanthematic typhua, hut probably the
introduction at a particular time of the specific poison of typhus was a mere
coincidence, DBut, doubtless, the same foul state of the air which aids the
spread of the one disease would aid also }Im of the other.

"o Blatistical Reports on the Health of the Navy, and esperially Gavin Milroy's let on
# The Health of the Royal Navy.” 1662, pp. 44 snd 84, " pamph
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‘When hospital ene has appeared, it is sometimes extremely difficult
to get rid ofpit. i‘l’:ﬁ:xmnd' states that in a ward of the New York City
Hospital, where hospital gangrene had appeared, removal of the furniture and
patients did not prevent fresh patients being attacked. Closing the ward for
some time and whitewashing had no effect. The plastering was then removed,
and fresh plaster applied, but still cases recurred. At last the entire walls
were taken down and rebuilt, and then no more cases occurred.

It is now well known that by the freest ventilation, v.e., by treating men
in tents or in the open air, hospital gangrene can be entirely avoided.t The
occurrence of hospital gangrene in a tent is a matter of the rarest occurrence.

(c.) Air Rendered Impure by Combustion,—Of the products of combustion
which pass into the general atmosphere (sce page 74), the carbonic acid and
carbonic oxide are so largely and speedily diluted that it is not likely they
can have any influence on health.  The particles of carbon and tarry matter,
and the sulphurous acid, must be the active agents if any injury results. 1t
has been supposed that molecular carbon and sulphurous acid, instead of being
injurious, may even be useful as disinfectants, and we might a priori con-
clude that to a certain extent they must & act, but certainly there is no
evidence that the smoky air of our cities, or of our colliery districts, is freer
from the poisons of the specific diseases than the air of other places. It has
heen supposed, indoed, that the air of large cities is particularly antagonistic
to malaria, but there are probably other causes acting here.  The solid
particles of carbon, and the sulphurous acid gas, may, on the other hand, have
injurious effects. 1t is not right to ignore the mechanical effect of the fine
powder of coal so constantly breathed in the lungs, and even the possibility
of irritation of the lungs from sulphurous acid. Certain it is, that persons
with bronchitis and emphysema often feel at once the entrance into the
London atmosphere, and individual experience will, 1 Lelieve, be of opinion
that such an atmosphere has some effect in originating attacks of bronchitis,
and in delaying recovery. Dut statistical evidence of the effect of smoky
town atmospheres in producing lung affections on a large scale cannot be
given, so many are the other conditions which complicate the problen.

The effect of breathing the products of combustion, as by the products of
gas passing into a room, is more casily determined. In proportion to the
amount of contamination of the air, many persons at once suffer from head-
ache, heaviness, and oppression. Bronchitic affections are frequently pro-
duced, which are often attributed to the change from the hot room to
the cold air, but are really owing to the influence of the im)e-\‘lre air of the
room on the lungs. Vel BALAK JLING BAMADU

When the products of gas combustion are inhaled continuously, as by
workmen whose shops are dark, and who are compelled to burn gas during a
large part of the day, it is impossible to doubt that some of the pallor, or

even anemia and general want of tone which such men show, is owing to the
constant inhalation of an atmosphere so impure.

() Air Rendered Impure by Sewage Gas.—Cases of asphyxia from sul-
phuretted hydrogen, sulphide of ammonium, carbonic acid, and nitrogen (or
possibly rapid poisoning from organic vapours), occasionally occur bothsin
sewers and from the opening of old cesspools. In a case at Clapham, the
clearing out a privy produced in twenty-three children violent vomiting and
purging, h che, and great prostration, and convulsive twitchings of the

® On Hyglene, p. 172.

t See Chapter on Hospitals, and Professor Jiingken's Address on Pymmia in the Sydenham
Boclety’s Year-Book fa?gﬁﬁ . 418, and Re y )
o ic.yl‘l ook for 2, p. 218, port on Hygiene by the Author, in th
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mscie;g Two died in twenty-four hours.—(* Health of Towns Report,” vol.
i p. 139,

If such cases as these are put aside, and we demand what is the condition
of health of those who work in non-infected sewers, to use Parent Duchéte-
let’s expression, we find some difference of opinion. Thackrah states* that
sewer-men are not subject to any disease (apart from asphyxia), and are
not short-lived. He cites no evidence. Parent Duchfitelett came on the
whole to the same conclusion as regards the sewer-men of Paris in 1836.
He says that there are some men so affected by the air of sewers that they
can never work in them; but those who can remain suffer only from a
little ophthalmia, lumbago, and perhaps sciatica. They consider otherwise
their occupation not only innocent but as favourable to health. The only
fact adverse to this seemed to be that the air of the sewer greatly aggravated
the venereal discase, and those who pursisted in working with this disease on
them inevitably perished (p. 2566). The working in deep, old, sewage matter
produced an eruption on the parts bathed by the mud, which resembled itch
sometimes, or was phlyctenoid in character,

When Parent Duchételet's facts are subjected to analysis, the case is not,
however, so clear as would appear from his statement. At one place he
speaks of 24 men being the number of sewer-men, at another of 32—either
number being too small for safe conclusions. He also gives a list (8. i p. 386)
of the 32 men, from which it appears that there were no less than 20 men
who had only been employed six monthe in the sewers, and seven others who
had only been there a year ; two others had been less than sixteen months,
and only three were over two yeams (viz., fifteen vears and six vears respectively),
No that the extremely short period of time seems quite to vitiste any con-
clusions.  Dut it appears also that a very considerable effect was produced on
a large number of these men, as, besides ophthalmia, from which no less than
25 of them had suffered, and several three and four times, 10 of the 20 men who
had been employed less than six months had suffered from bilious and eere-
bral affections, diarrhwea, colies, jaundice, lumbar pains, and, in one ease,
bilivus and eerebral fever,  Of the seven men who had been employed less than
obe year, ne less than three had suffered from colies and diarrheea, and two from
rheumatism. So that all the facts show that this celebrated evidence of
Parent Duchitelet, which has been so often guoted to prove the inmocuous-
ness of sewer air, had been completely misunderstood, and that it rather
proves the hurtfulness than otherwize.  The prineipal affections seem to have
been ophthalmia, bilious affections, diarrhaa, and colics.  The exact amount
of sickness per annum, the rate of mortality, and the expectation of life have
not been determined by any observer, )

1t must be remembered also that sewer air is of no invarinble composition,
that often, with good ventilation, it is tolerably pure, and that, in many caaes,
the inhabitants of houses over sewers really receive more sewer air than those
who penetrate into the sewers themselves, The workmen also tuke great
precautions, both in London and Paris, and, in both cases, the sewage matter
is mixed with a very lurge quantity of water, which has a great effect in
holding back deleterious products,

Dr Herbert Burker § has attempted to submit this question to experiment
by conducting the air of a cesspool into a box where animals were confined.
The analysis of the air showed the presence of carbonic acid, sulphuretted
hydrogen, and sulphide of ammonium. The reaction of the gag was usually

* The Effects of Arts, Trades, and Professions on Health, 1832, p. 118,
tH yﬂnne Puﬁue, vol. 1. p. 247 (1886).
3 On Malaria Miasmata, by T. H. Barker, M.D., 1868, p. 176, of 2eq.
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neutral, sometimes alkaline. The gas was sometimes offensive, so that organic
vapours were probably present, but no analysis appears to have been made on
this point. Three dogs and a mouse were experimented on; the latter was
let down over the ceaspool, and died on the fifth day. The three dogs were
confined in the box ; they all suffered from vomiting, purging, and a febrile
condition, which, Dr Barker says, ¢ resembled the milder forms of continued
fever common to the dirty and ill-ventilated homes of the lower classes of the
community.” But the effects required some time, and much gas for their
production. Dr Barker attributes the results, not to the organic matter, but
to the mixture of the three gases, carbonic acid, sulphuretted hydrogen, and
sulphide of ammonijum, and especially to the latter two,

With respect to the special production of typhoid fever among sewer-men,
Parent Duchftelet refers only to three cases of cercbral and bilious affection,
which may have been typhoid ; there is, however, no certainty. He does
not state, however, whether any of the men had been protected by previous
attacks, and the large number of men who had been but a short time in the
gsewers would render this inquiry of little value.

Dr Guy, from an inquiry in London,* believed that these men were not more
subject to fevers than other workmen, but, as Dr Murchison has pointed
out,t Guy's conclusions are questionable, especially from the distinetion of
typhus und typhoid fevers not being drawn, and from the mixing up scaven-
gers and dustmen with sewer-men.

Murchison and Peacock have both observed sewer-men to be more subject
to those diseases. Murchison thinks that constant exposure to sewage air
gives immunity, but possibly previous attacks (which are not necessarily
severe) may often give protection.

Nightmen, and the collectors and sorters of dust, do not appear, according
to Dr Guy, to be subject to any special disease or ill-health.

(e.) Effect of Sewer Air on the General Population.—The effect of sewer
air on the general population is another question.  In many towns there is a
constant escape of sewage air into the houses ; the drains open at the base-
ment, are insufficiently trapped, and currents of air force the gas into the
house, or the artificial warming of the house continually draws up the air from
the sewers. In London, Dr Sanderron has shown, by his ingenious mano-
meter, that the tension of the air in the sewers is constantly greater than that
of the house air, and, consequently, that there is a constunt danger of sewer
air entering our dwellings,

That the breathing such an atmosphere has an immense cffect on health is
a matter of such daily observation that, I presume, it will not be denied.
Every one must have seen instances in which headache, sickness, diarrheen,
general malaise, and, after a certain time, great depressiom of health, with
more or less anemia, were produced.y  In some cases I have known decided
febrile attacks lusting three or four days, and attended with great headache
and anorexia. In some cascs, houses into which there has been a continued
escape of sewer air have been so notoriously unhealthy, that no persons would
live in them, and this has not been only frém the prevalenee of fever, but
from other discases, Dr Mamton, RLA., in his excellent paper on the Fever
of Malta,§ tells us, that when typhoid fever broke out at the Fort of Lascaris,

® Journal of the Btatistical Bociety, 1848, vol. xi.
+ On Fovers, p. 458, h » v

It in impossible to quote the n i s which have heen recorded. ;
givleninthe e Lo 143 umerous instances which have hee ) Many are
P

i owus Reports. (Ree Evidence of Rigby, vol.i. p. 121 ; Aldis, vol. i
i Anmy Medical Report for 1861, p. 486.
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from the opening of a drain, other affections were simultaneously developed,
viz,, “diarrhcea, dysentery, slight pyrexial disorders, and diseases of the
primary assimilative organs.” A close examination and analysis of the affec-
tions produced by the inhalation of sewer air, would probably much enlarge
this list ; and the class of affections resulting from this cause, to which it may
be difficult to assign a nosological name, will bo found, I believe, to be essen-
tially connected with derangement of the digestive rather than with the pul-
monary system.

Is typhoid fever produced by the emanations arising from fecal decom-

ition ?
posThis great question is almost too large for the limits of this book, and yet
it is too important to be briefly dismissed. The main facts which we may, I
believe, legitimately draw from the long discussion which has taken place are
these :—

1. There are several cases on record in which typhoid fover has constantly
prevailed in houses exposed to sewage emanations, either from bad sewers, or
from want of them, and in which proper scwerage has completely removed
the fever.®

2. There are several cases on record + (Croydon, Peckham, Westminster,
Fleet Lane, Hammersmith, Malta) in which the opening of & drain (in some
cases an old one) has given rise to decided typhoid fever, as well as to an
extremely severe and rapidly fatal disease (probably severe typhoid), in which
coma is a marked symptom. (Murchison, p. 438.) And there are other
cases (Windsor) in which typhoid fever was manifestly cuused by ill-ven-
tilated and ill-contrived sewers permitting a large reftux of air into the
houses.

3. Whenever statistics are accurately carried on, the prevalence of typhoid
fever is always found to be in a close relution to the imperfect manner
in which sewage matters are removed. The army statistics of home and
foreign stations give us excellent examples of this, and year by year, as diag-
nosis is becoming more certain, this fact is coming out more and more
clearly.

These three classes of facts are so undoubted, and so numerous, as to show
that the connection hetween typhoid fever and fewecal emanations is too intimate
to be accidental. Dut,

4. There are cases on record in which facal accumulation and decomposition
has been going on about habitations for years without producing fever, Cer-
tainly many of these cases are in small villages and isolated houses, where
there are currents of air to carry off the effluvia, and not in close towns and
alleys. The difference may, then, be merely one of ease of oxidation and dis-
persion. In some of these instances again, and especially in the case of foreign
towns, fever may really greatly prevail, though casual observers do not recog-
nige it ; it may affeet the children under the form of the so-called infantile
remittent fever, and in this way preserve them from subsequent attacks.
Strangers suffer in such towns, but apparently not the inhabitants. A closer

# Whoever will take the trouble to read the Health of Towns Reports and Evidence, Mr
Simon's Reports, Dr Izthebiy’l m)om, Dr Acland’s Report on Fevers in Agricultural Districts,
and the Reports of the Medical Otlicer to the Privy Conncil, will find abu evidence in sup-
port of this assertion. Many provincial towns in England could give similar evidence as Nor-
wich. (See Dr Richardson’s .'lgspon, Medical Times and Gazette, Jan. 1864.)

1 For many instances, see Murchison on Fevers, p. 436, ¢¢ #29. The Hammersmith case is
one mentioned by Bablnm (British Medical Journal, May 3, 1862). The case at Malta is
mentioned by Marston, y Medical for 1861, p. 486, I have been informed of a
similar ; and it was also affirmed that the evacuations of some patients with typhoid fever
had beernWived two years before into this drain.
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examination may, perhaps, detect the reason of this to be the protective influ-
enoce of prior attacg.* In other cases, again, the fever really prevails among
adults, but is not recognised.+ How constantly it used to be said that typhoid
fever prevailed in neither the East nor the West Indies. 1t really prevails in
one, and probably in both, and doubtless has always been present, but was
confounded with other diseases. Still, will these explanations account for
all cases? A village is known to me in which no typhoid fever had ever
been known ; the drainage arrangements were, as usual in our English vil-
lages, vefy bad. About ten years ago typhoid fever commenced to prevail,
and spread completely through the village, attacking old and young, so com-
pletely unprotected were all the inhabitants. Importation could not be traced,
but it is not certain it did not occur. Now here, as in that of Calstock,
Over Darwen, recorded by Bristow and Greenhow,} either the accumulation
of, and emanations from, sewage must reach a certain point, or there must
he some special superadded meteorological conditions, such as excessive heat,
drought, &c., or there must be entrance of a fresh agent.

H. There are cases in which, in such local outbreaks, no introduction of a
fresh agent can be traced. But then it is notoriously difficult to prove a
negative, and these specific poivons pass from place to place in such secret ways
that it is almost impossible to trace them. A great number of negative in-
stances must be brought together before much reliance can be placed on this
argument.

6. There are cases on record (the outbreak at Steyning, recorded by Whitley,§
is one of the best) in which all the conditions of typhoid fever from accumu-
lated sewage appear to be present for years, and yet no fever is caused. Then,
u patient arrives from a distance with typhoid fever, and the disease spreads
more or less through the village, and, spreading evidently from this case, is
disseminated as evidently by the fiecal emanations. Now, such cases as these
support very strongly Dr William Budd’s view, that the specific poison
must be introduced, and that it is conveyed in the stools, and, as a matter of
course, propagated through the sewers, if these exist.

7. There are cases in which typhoid fever occurs when no exposure to sew-
ago emanations can be traced.  But these instances are always isolated ; and it
is well known that, in such cases, it is not to be expected we shall always be
able to point out the exact pluce and time of exposure. A man may be
exposed to a vitisted atmosphere without even knowing it himself, and even
the time and place of exposure to the most undoubted contagions (as small-
pox) cannot always be traced.

‘The general conclusion seems to me to be this. The view which meets best
all the facts is that sewage air, por se, does not produce the specific lesion
of Peyer's patches, which is the anatomical sign of typhoid fever, but that
sewers afford the channels of propagation when the specific poison of typhoid,
derived from the stools, finds its way into them. At the same time, it must
be confessed that this conclusion is not based on such complete evidence as
should alone content us, and that the spontaneous origin of true typhoid fever
from simple sewage matter is neither completely disproved, nor is evidence
wanting which seems to indicate such an origin. That the eftluvia from the

* There scems little doubt that one attack of typhoid nsnally protects from another. Is this
owing to the destruction of Peyer's patches : and is the fever really caused by the absorption
of the products of these glands, when disintegrating frons the effecta of a poison locally applied
to them! The transmission of the dinease by water gives some countenauce to this,

*+ This is the case still in London ; there in reason to think that many cases of typheid occur
in Prlnt:tgmctm which are not di(-)ﬁmmd.

Fourth Report of the Medical Ofticer to the Privy Council.

§ Dhid. p. 43.

[
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typhoid stools will produce typhoid fever seems to be certain, and a good
case is given by Riecke. The evacuation of a typhoid patient were placed in
an outhouse, the upper room of which had an unceiled floor. Two men who
had no intercourse whatever with the patient, and never entered the house,
but who slept in the upper room, were attacked, and at the same time.

‘With regard to the production of diarrhe:a from fixcal emanations, it would
seem that the autumnal diarrhoea of this country is intimately connected with
temperature,® and usually commences when the thermometer is persistently
above 60° and when there is, at the time, a scarcity of rainfall 1t is" worst in
the badly sewered districts, and is least in well drained districts, and in wet
years. It has been checked in London by a heavy fall of rain. ALl these
points seem to connect it with facal emanations reaching a certain rapidity
of evolution in consequence of high temperature, deficient rain, and ps
relative dryness of the atmosphere. At the same time, there is probably some
connection between this disease and impure water. It may own a double
origin, and in a dry season, buth causes may be in operation.

To sum up, the diseases produced by frecal emanations on the general popu-
lation seem to he, diarrhaa, bilious disorders, often with febrile symptoms ;
dyspepsia, general malaise, and anemia ; all these being atfections of digestion
or sanguification ; typhoid fever is also intimately connected with sewage
emanations, either being their direct result, or, more probably, being caused
by specific products mixed with the sewage.

In addition, sewer air aggravates most decidedly the severity of all the
exanthemata, erysipelas, hospital gangrene, and puerperal fever (Rigby), and
probably has an injurious effect in all other cases.

(f) Emanations from Fuocal Matter thrown on the Ground.—Owing,
doubtless, to the rapid movement of the air, there is no doubt that the excreta
of men and animals thrown on the ground and exposed to the open air are
less hurtful than sewer air, and probably in proportion to the dilution.

‘When there are accumulations in close courts, small back-yards, &e., the
same effects are produced as by sewer air, and many instauces are recorded in
the Health of Towns Reports. When ficcal matters are used for manure,
and are therefore speedily mixed with earth, there is no good evidence of any
bad effects. Owing, doubtless, to the great deudorizing absorbing powers of
earth, efluvia soon cease to be given off. An instance is, however, on record,t
in which two cases of typhoid were supposed to arise from the manuring of
an adjacent ficld. This is a point on which more evidence is desirable, 1t is
stated in some works that discase is frequently produced by the manuring of
the ground, but I have been able to find no satisfactory evidence.

(9.) Emanations from Streams Polluted by Fecal Matter.—The evidence
on this point is contradictory. Parent-Duchitelet, in 1822, investigated the
effect produced on the health of the inhabitants of the Faubourg St Marcean,
in Paris, by the almost insupportable effluvia arising from the Rivitre de
Bidvre, which received a large portion of the sewage of the quarter. He
asserts that the health was not at all damaged, though he admits that there is
truth in the old tradition at the Hotel Dieu, that the cases from St Marceau
were more severe than from any other place.

Dr M*William found that the emanations from the Thames in 1859-60 had
no deleterious effect on the health of the Custom-lfouse men employed on
the river. 'The amount of diarrheea was even below the ave

On the other hand, in the reports of 8ir H. De la Beche and Dr Lyon Play-

* Ransome and Vernon, “ Influence of Atmosph. Changes on Dis.” p. 8.
t Whithy, * Med. Times and Gazette, Jan. 15%2.” . 1 Hygilno%‘nblicme, t. i p. 98,
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fair,* is some strong evidence that the general health of the people suffered
from the emanations of the putrid streams of the Frome, and the tributaries
of the Irk and Medlock ; that they were pale, in many cases dyspeptic ; that
fevers (typhoid) prevailed on the banks is asscrted by some observers, but
rather doubted by others; but none seemed to have any doubt that the
fevers, when they occurred, were much worse. Cholera, in Manchester, was
sovere along the banks of some of these streams, but that might have been
from the water being drunk.

It is very likely that the discrepancy of evidence may arise from the
amount of water which dilutes the fical matter being much greater in
some cases than others. In the case of the Thames, the dilution was after
all very great, and this was the case, in part at any rate, of the Bitvre, as the
stream was in some places 6 and 7 feet deep. The evaporation from such a
budy of water, however offensive it may be, must be a very different thing
from the effluvin coming off from the masses of organic matter laid bare by
the almost complete drying up of streams into which quantities of faecal
matter are poured.

(h.) Effect of Munure Manufactorics.—At present, I helieve no bad effect
has resulted from the manufactories yet formed in this country. In France,
the workmen engaged in the making of “ Poudrette” do not in any way suffer,
except from slight ophthalmiat Parent Duchitelet] (on very shight evidence
indeed) thought the emanations were even bencficial in some diseases, and
Tardicu seems inclined to support this opinion, When the poudrette is
decomposing, and large guantities are brought into small spaces, as on board
ship, serious consequences may result.  Parent Duchételet records two cases
of outhreaks on hoard ships carrying poudrette which fermented on the voyage ;
one vessel, the Arthar, lost half her erew (number not known), and the rest
were in a state of deplorable health ; the men who unloaded the cargo were
also affected.  The symptoms are not recorded, but, in a smaller vessel, where
all on hoard (5) were similarly affected, the disease put on the appearance of
“an adynamic fever.” There was intense pain of the head and of all the
limbs, vomiting, great prostration, and in two cases great diarrhea.  These
symptoms are very similar to those already mentioned as produced in 21
children at Clapham by the opening of a privy.

(i) The Air of Graveyards.—There is some evidence that the distarbance
of even ancient places of sepulchre may give rise to disease. Vieq d'Azyr
refers to an epidemic in Auvergne caused by the opening of an old cemetery ;
the remaval of the old burial place of a convent in Paris produced illness in
the inhabitants of the adjoining housex.§ In India, the cantonment at
Sukkur was placed on an ancient Mussulman burial ground, and the
station was most unhealthy,|| especially from fevers,

The effect of efluvia from comparatively recent putrefying human bodies
has been observed by many writers. Rammazzini¥ states that sextons entering
places where there are putrefying corpses are subject to malignant fevers,
asphyxia, and suffocative catarrhs; and Fourcroy remarks that there are a

e sttt e o L vt b it e i 4 . st b e 37 - s ——— s 3 o o o

* Second Report of the Health of Towns Commission, pp. 261 and 347. Lyon Playfair sayz,
¢The medical men in Manchester whom 1 have mmulpted are unanimously of opinion that
the emanations from the putrid streams which wind their way sluggishly through the town are
a cause of dikense and mortality.”

4 Parent Duchitelet ; Patissier. See also Tardien, * Dict. d'Hygitne,” t. iv. p. 453. Tandieu,
in 1802, writes,“We do not hesitate to aftirm that the exhalations from these manufac-
tories (voiries) exercise no injurious action either on man or vegetation.” But it must be re-
membered that, these places are excellently conducted ; ventilation is good, and th facal matter
is noon aubjected to processes which provent its devompaosition. )

i Hyg. Publique, t. ii. p. 276, Tardiou, ** Dict. @Hygidue,” 1. p. B17.

Norman Chevers, p. 404, | Malndies des Artizans, p. 71,
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thousand instances of the pernicious effects of cadaveric exhalations ; and
Tardieu* has collscted a very considerable number of cases, not only of
asphyxia, but of several febrile affections produced by exhumations and
disturbance of bodies. Mr Chadwick,t and the General Board of Health,}
have also summed up the recent evidence, which shows that, in churchyards
thickly crowded with dead gases are given off (sec page 76), which, if not
productive of any specific disease, yet increase the amount both of sickness
and mortality. In some instances, this may be from contamination of the
drinking water ; but in other cascs, as in the houses bordering the old city
graveyards, where the water was supplied by public companies, the air also
must have been in fault. In the houses which closely bordered the old city
yards, which were crowded with bodies, cholera was very fatal in 1849,§ and 1
was informed by some practitioners that no cases recovered. I was also
informed that all other severe diseases in these localities assumed a very
violent and unfavourdble type.

(k) Efluvia from Decomposing Animals.—On this point there is some dis-
crepancy of evidence,

In 1810, Deyeux, Parmentier, and Pariset, gave evidence to show that the
workmen in knackeries are in no way injured. Parent Duchételet, from his
examination of the health of the men employed at the knackery and slaughter-
house at Montfaucon, came also to the conclusion that their health was not
affected. 1t should be mentioned that this knackery is remarkably well
placed for ventilation, and is excellently conducted ; putrid remains, in the
proper sense of the word, do not now exist in any knackery in or near Paris;
the workmen are well paid and fed, and are therefore well prepared to bear
the effect of any injurious efluvia. It has been stated however, that in the
Hotel Dieu, the patients used to suffer when the wind, loaded with effluvia,
blew from Montfaucon (Henry Bennet). Tardieu, from a late re-cxamination
of the questions, confirms Darent’s conclusions,}| except as regards glanders
and malignant pustule, touching which Parent Duchételet's evidence was as
usual negative. Tardieu (t. iv. p. 468) however, states that many examples
occur in the French knackeries of the transmission of these diseases, though
glanders and farcy are less frequently caught in knackeries than in stables.
No analysis has yet heen made of the air of knackeries.

Parent Duchatelet® is often also quoted, as having proved that the exposure
of the remains of 4000 horses, killed in the battle of Paris in 1814, pro-
duced no bad effects. These horses were killed on the 30th March, and were
burnt on the 10th and 12th April. They gave out “ une odeur infecte,” which
produced no bad results on those who collected the bodies. I’arent Duchitelet
inquired particularly, whether typhus was produced by the effluvium, and
proved that it was not; a conclusion conformable to our present doctrine.
He did not, however, do more than examine the registers of deaths for the
three years before, during, and after the battle, and found no evidence of in-
creased mortality. The utmost this observation shows is, that no typhus was
produced ; and that the amount of decomposition, caused by eleven days of
hot weather, did not affect those concerned in collecting and burning the

bodies.
On the other hand, the experience of many campaigns, where soldiers have

* Dict. @’Hygiéne, 1862, t. iil. p. 463, et seq.
Report on Interments in Towns.
§ 5 Both, aoa Batherngh Heport on & I
. Sith, 0 and’s rt on Extramural X ¥
Rebort on (;'holep, T po! amural Interment, p. 12. See also Sutherland’s
ff Dict. d’Hygiine, t. fv. p. 468, Q Thid. t. i. p. 47
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been exposed to the products of an advanced putrefaction of horses, shows
that there is a decided influence on health. Pringle especially noticed this;
and in many campaigns since this condition has been one of the causes of
insalubrity. Diarrheea and dysentery are the principal diseases; but all
affections are increased in severity. At the siege of Sebastopol, where, in
the French camp, a great number of bodies of horses lay putrefying on the
ground, Reynal® describes the effect as most disastrous ; and even conjectures
that the spread of typhus was connected with this condition.

(1.) Air of Brickfields and Cement Works.—The peculiar smell of brickfields
cannot be owing to carbonic acid, oxide, or to hydrosulphuric acid, or sul-

hurous acid (the gases evolved from the kilns); but its exact cause, I
lieve, is not known, The air, at its exit from the chimney of furnaces and
kilns, is rapidly fatal ; but so rapid is its ascension, dilution, and diffusion,
that at a little distance it is respirable. I am not aware that, in any of the
actions against the owners of brickfields, anything more than a nuisance has
been established. The smoke and gases from cement works, however, destroy
neighbouring vegetation. The smell can be perceived for several hundred
yards. In the north of France, it is ordered that no kilns shall be within 50
métres (54} yards) of a public road ; and the kilns are lighted only at night.

(m.) Air of Tullow-makers, Bone-burners, §c.—In many trades of this
kind large quantities of very disagreeable animal vapours are produced, which
spread for a long distance, and are most disagreeable. Although a nuisance,
it is difficult to bring forward positive evidence of insalubrity. DBut the
odour is so bad, that in France rules are in force to oblige the vapours to be
condensed or consumed ;+ and if in the process any water is contaminated
with fatty acids, it is neutralized with lime. M. Foucon has figured an
apparatus which completely burns the animal vapours. (Pappenheim’s Beit.
du Sanitas. Pol. Heft ii.)

(n.) Air of Marshes.—-1t seems scarcely necessary to allude to this point,
except to notice that in addition to paroxysmal fevers it has been supposed
that serous diarrheea (a sort of dysenteria incruenta) and true bloody dysen-
tery, are produced by malaria. Also that there is perhaps some connection
with malaria and liver abscess (f). In addition to marked diseases, the
breathing of marsh air produces an imperfect condition of nutrition, in which
enlarged spleen plays a prominent part, and the mean duration of life is
shortened.

(0.) Unknown conditions of the Atmosphere.— Occasionally, outbreaks of
disease occur from impurities of the atmosphere, the nature of which is not
known ; though the causes giving rise to them may be obvious. Dr Majer}
records a case of a school at Ulma, of sixty or seventy boys, where the greater
number were suddenly affected, on & warm day in May, with similar symptoms
—giddiness, headache, nausea, shivering, trembling of the limbs, sometimes
fainting. 'The attack occurred again the next day, and a common cause was
certain, The room was enclosed by walls, in a narrow space, where the snow
had lain all the winter ; the wall was covered with fungous vegetation, and
with salts from the mortar. From the suddgn entrance of warm weather, fer-
mentation had set in, and a strong marshy smell was produced ; the substances
of whatever kind generated in this way accumulated in the narrow ill-ventilated
space. Removal to a healthier locality at once cured the disease.

# Vernor's Hygidne Industrielle, t. ii. p. 60, t Tardieu, Dict. @ Hygidne, t. xi. p. 221,
1 Canatatt's ;;bmb. 1862 ; vol ii. p. 32. ! B



CHAPTER IIL.

VENTILATION.

VENTILATION OF BUILDINGS.

IN order to keep air in its necessary purity it must he continuully changing.
In the previous chapter we have seen that the change must amount to ab
least 2000 cubic feet per hour per head for persons in health, and not less
than 3000 or 4000 cubic feet or more for sick persons.  Less than this will
not suffice to keep the air pure, and even this amount is quite the minimum
which must be given,

In whatever way this air is supplied, certain conditions must be lsid down.

The entering Avr.—1. The air which enters must itself be pure, 1t must
be warmed if too eold, and cooled if too warm.

2. Its movement should be imperceptible, otherwise it will cause the
sensation of draught, and will chill. The rate at which the movement be-
comes imperceptible is 1} foet per second (-2 1-3G miles per hour) ; 2 and 24
feet per second (14 and 17 miles per hour), are imperceptible to some por-
sons ; 3 feet per second (2 miles per hour) is perceptible to most ; 3§ feet is
perceived by all persons; any greater speed than this will give the sensation
of draught, especially if the entering air be of a different temperature, or moist.*

3. It must be well diffused all through the room, so that in every part
movement shall be going on ; in other words, the distribution must be perfect.

The outyoing Air—4. The air must be removed so immediately that there
shall be no risk of a person breathing again his own expired air, or that of
another person.

5. In hospitals espercially, it will be desimble that there shall o no chance
of the air from one sick person passing over the bed of another,  Therefors,
the movement of air should be rather vertical than horizontal, and as the ex-
pired air, and ull exhalations from the body or bed clothes, at first pass up-
wards from their levity, it is desirable that they should be discharged shove,
and not drawn down again past the patient. During the last few years it has
heen argued that it is better that the foul air should pass off below the level
of the person, so that the products of respiration will be immedistely drawn
down below the mouth, and be replaced by descending pure air.  But the
registance to be overcome in drawing down the hot air of respiration is so great
that there is a considerable waste of power, and the obstacle to the discharge
is somotimes sufficient, if the extracting force be at all lessened, to reverse the

* In Pettenkofer's closed room, which containg 4237 cubic feet, it has been found that 44
cubic feet can be admitted m[:x" minute without dranght, or, in uther words, the air could be
oompletely changed in ten minutes without the inmates pervoiving it. -
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movement, and the fresh air forces its way in through the pipes intended for
discharge ; a fact which has been noticed in the Hospital Lariboisi¢re on some
occasions. This plan, in fact, must be considered a mistake. The true prin-
ciple here is that stated long ago by D’Arcet. In the case of vapours or gases the
proper place of discharge is above ; but heavy powders, arising in certain arts or
trades, and which from their weight rapidly fall, are best drawn out from below.

Megns by which Air'is set in Motion.—These are :—1lst, The forces con-
tinually acting in nature, and which produce what has been termed natural
ventilation, 2d, The forces set in action by man, and which produce the so-
called artificial ventilation.

The division is convenient, but not strictly logical, as the forces which act
in natural do so also in artificial ventilation to a certain extent.

SECTION I
NATURAL VENTILATION—GENERAL STATEMENTS.

Three forees act in natural ventilation, viz, diffusion, wind, and the differ-
ence in weight of masses of air of unequal temperature,

Sub-SecTioN I.—DIFFUSION,

As every gas diffuses at a certain rate, viz., inversely as the square root of
its density, there is a constant escape of any foreign gas into the atmosphere
at large. From every room that is not air-tight Pettenkofer and Roscoe have
shown that diffusion oecurs through brick, and Pettenkofer helieves that one
of the evils of a newly built and damp house is that diffusion cannot occur
through its walls, Dut the ordinary plastered and papered walls reduce dif
fusion to a most insignificant amount. Through chinks and openings pro-
duced by imperfect carpentry the air diffuses fast, and Roscoe found that
when he evolved carbonic acid in a room the amount had decreased one-
half from that cause in 90 minutes.

The amount of purification produced hy diffusion under ordinary circum.
stances is shown by observation to be insufficient, and, in addition, organic sub-
stances, which are not gaseous, but molecular, are not affected by it. Asa
general ventilating power it is therefore inadequate.

Svs-Seerion 1L.—TuHE AcTiox oF THE WiNbs,

The wind acts as a powerful ventilating agent, and in various ways. Ifit
can pass freely through a room, with open doors and windows, the effect it
produces is immense. For example, air moving only at the rate of 2 miles an
hour (which is almost imperceptible), and allowed to pass frvely through a
room 20 feet wide, will change the air of the room 528 times in one hour.
No such powerful action as this can be obtained in any other way.

The wind will pass through walls of wood (single-cased), and even of single

rous bricks, when it attaing a certain velocity, and perhaps this will account
or the fact, that such houses, though cold, are healthy habitations, Plaster,
howover, appears to arrest wind at any velocity, if it be true, as stated, that
in the interior of some thick walls, after many years, lime has been found still
canstic. And the resistance of a certain amount of brick or porous stone is
eom:,thatnone, or a very small amount of air will pass through.

are two objoctions to winds aa ventilating agents by psgnﬁon.
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1. The air may be stagnant. In this country, and, indeed, in most coun-
tries, complete quiescence of the air for more than a few hours is scarcely
known. Air is called “still” when it is really moving 1 or 1} miles an hour.
The average annual movement of the air in this country is from 6 to 8 miles
per hour, but it varies of course greatly from day to day. It is between b and
6 miles in Northern Germany.

2. A much more serious evil is the uncertainty of the movement, and the
difficulty of regulation. When the velocity reaches 5 or 6 feet per Becond,
unless the air be warm, no one will bear it. The wind is therefore excluded,
or, if allowed to enter directly through small openings, is badly distributed.
Passing in with a great velocity, it forces its way like a foreign body through
the air in the room, causing draughts, and escaping, it may be, by some
opening without proper mixing. 1 have measured a current entering in this
way for many feet. In spite of this inconvenience, there can be no doubt
that in every case, when it can be done, a thorough cross-ventilation by
opposite windows should be provided, so that advantage may be taken of this
vast ventilating power. In other cases, the wind can be allowed to blow
down a tube, and this is especially calculated for certain special cases here-
after mentioned.

But the wind acts in another way, A moving body of air sets in motion all
air in its vicinity., It drives air before it, and, at the same time, causes a partial
vacuum on either side of its own path, towards which all the air in the vicinity
flows at angles more or less appruaching right angles. In this way, a small
current moving at a high velocity will set in motion a large body of air,

This may be tested at once by placing a small card on one side of a candle,
and blowing strongly along the side away from the candle. The flame will
then bend in towards the card. Or, by arranging a Woolf's bottle with
open tubes of unequal length, and by blowing along the top of one or other
tube, the air may be made to pass up or down either, at pleasure.

The wind, therefore, blowing over the tops of chimneys causes a current
at right angles to itself up the chimney, and the unequal draught in furnaces
is owing, in part, to the variation in the velocity of the wind. Advantage,
therefore, can be taken of this aspirating power of the wind to cause a move-
ment of air up a tube. And in this way the wind may be made to do excel-
lent service in ventilation.

The wind, however, may impede ventilation by obstructing the exit of air
from any particular opening, or by blowing down a chimney or tube. This
is, in fact, one reason of the failure of so many systems of ventilation ; they
may work well in a still atmosphere, but the immense resistance of the wind
has not been taken into account, and the plan which works beautifully in a
model fails on the large scale.

In some systems of ventilation the perflating power of the wind has been
used as the chief motive agent. In Egypt the wind is allowed to blow
in at the top of the house through large funnels. This plan has been
in use from time immemorial. This was the case in Mr Sylvester's plan,
which was used at Derby and Leicester forty or fifty years ago. A large cowl,
turning towards the wind, was placed in a convenient spot near the building
to be ventilated—a little above the ground if in the country, or at some baig:;t
ifin a town. The wind blowing down the cowl passed t. h an under-
ground channel fo the basement of the house, and entered a chamber in which
was a so-called cockle-stove, or calorifére of metal plates, or water or steam
pipes, by which the air was warmed. It then ascended through tubes into
the rooms above, and passed out by a tube or tubes in the roof, which were
covered by cowls turning from the wind. 8o that the aspiratory power of
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the air was also used. This plan is extremely economical and successful,
The movement of air is, however, necessarily unequal, and it is difficult to
regulate it. It has been proposed to place a fan in the tunmnel to move the
air in periods of calm, and the plan then becomes identical in principle, and
almost in detail, with the method of Van Hecke.

Mr Ritchie* has employed a similar plan in the ventilation of a dwelling-
house ; a current of air (of eight square feet in section) was introduced into the
hall and staircase of the house by air-openings to the prevailing points of the
wind. The air was warmed in winter to about 70° Fahr. ; every room had a
longitudinal opening over each door, concealed by the architrave, and regu-
lated by valves, and through this the warm air from the staircase entered
the rooms, and then passed up the chimney, and up outlet air-flues placed in
the walls, commencing at the ceiling, and ending at the wall-heads under the
roof. The area of the opening into the room was made just equal to the
sum of the throat of the chimney and the outlet air-flues.

Dr Arnott ventilated the Field Lane Ragged School on this principle with
excellent effect, as is shown by the annexed cut. In this case, as in all others,
the movement is also in part carried

on by the third cause of motion in lC
air, viz., the effect of unequal density DR T

In the ventilation of ships, the
wind is constantly used ; and by
wind-sails,and tubes with cowlsturn- -
ing towards the wind, air is driven _ ¥
between decks and into the hold. i

In using the wind in this way,
the difficulty is to distribute the
air so that it shall not cause
draughts. This is best done by [ : T
bending the tubes at right angles T SRR
two or three times, soas to lessenthe | /' "/ 1 ST
velocity, hy enlarging the chanmel | ' 1. INNNERY
towards the opening in the interior
of the vesscl, and by placing valves '
to partially close the tubes, if neces- Fig. 8.
sary, and by screens of wire gauze.*

In all cases in which the air of a room, as in a basement story, or in the
hold of a ship perhaps, is likely to be colder than the external air, and when
artificial means of ventilation cannot be employed, the wind should be taken
advantage of as motive agent.

The aspiratory power of the wind can be secured by covering air-shafts with
moveable cowla turning from the wind, and special forms of covering here-
after described, which aid up currents and prevent down draughts.

of masses of air. ]
1
]
{

=

Sup-SectioN 11I.—MovEMERTS PRODUCED BY U'NEQUAL WEIGHTS OF THE AIR.

The wind itself is caused by this power ; but it ia necessary, in discussing
ventilation, to lonk upon this as if it were an independent force. Whenever

® Treatise on Ventilation, by Robert Rifchie, C.E., 1882, p. 89. .

+ As the use of perforated zine phtound:} wires gauge is very common in ventilation, it is
neceasary to bear in mind that these screans very soon get cl with dirt. In all cases they
should be so a3 to be easily inspected and cleaned ; and it should be a matter of
routine duty to see that they are m&nﬁy kept clean. It ahould also be understood that the
amount of friction offered by thees small openings is exceedingly great.
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a mass of air becomes expanded, either from increase of temperature or from
expansion caused by augmentation of watery vapour, it becomes lighter, and
ascends. The cause of its ascension is hest understood by supposing the air
of a room to be of the same temperature and humidity as the outside air, by
an equal bulk of which it is exactly counterbalanced. The air is then
motionless. If, however, it be heated by fire, or the presence of men or
animals, or be made moister, it expands in all directions; and, if it can
escape, the air in that given space (the room) is no longer as heavy as the
colder air in an equal space outside, and is therefore forced up by the greater
weight of the colder column,

The amount of movement thus produced has been calculated in various
ways, in which, however, the temperature, and not the humidity, of the air is
considered. Air rushes into a vacuum at the rate of 1339 feet per minute,
and this fact is applied to the partial vacuum caused by the rise in tempera-
ture. Another mode of caleulation is by eonsidering the different weights
of the two umequally heated columns as like two weights suspended by a
cord on a pulley, and drawing against each other, and the actual weight in
grains or pounds of the two columns can be easily seen, if the cubic space
18 known, by the tables given in the chapter on metcorology, of the weights of
unequally heated and*moistened air.*

The theorem for falling bodies is, however, most generally used. The
difference of height of two unequally heated columns of air being known,
the rate with which the lighter one is pushed up is equal to the velocity
which a body would acquire by falling freely through the difference of
height. The velocity of a hody falling freely is equal to 8 timos the square
root of the height of the descent.

To make this calculation we require first to know the original height of the
column of air and its increase of tomperature. A very simple caleulation will
then show what has been the increase of the height.

Thus, supposing a column of air be 20 feet high, measured from the floor
of a room to the point of discharge through a tube above, and that its tempe-
rature be raised 15° Fahr, the co-efficient of expansion by heat for each
degree Fahr. is 0-0020361 (or 33y of the bulk of the air).

Increase of Height of
temp. columm.
0020361 x 15 x 20 = 06 fect
The increase in the height of the column, or, in other words, the height of
the descent, is therefore 0°61 feet. The square root of 61 (expressed in deci-
mals of a foot = ‘781) is now to be multiplied by 8.
781 x 8= 6248,

. 6°248 linear feet per sccond is therefore the velocity of efflux, provided there
be no loas from friction.t DBut in using this rule to caleulate the movement
of air in tubes, } (and in long or bent tubes 1, or even }) is obliged to be
deducted for friction. The diminution of velocity from friction is in propor-
tion to the length of the tube, and is inversely as the diameter. Right angles
greatly increase the friction in the proportion of the sines of the angles. e
friction increases also as the square of the velocity. The deduction of jth

Wolpatt vincloion Bor Font vas usheining), onare sl iy pors Hamsod e e e o
() ent. w are also in part ¢ in
de la Chaleur, 34 edit.), to which reference is nqa’de for those whgm wish to enter in‘t:) the gnlthov
matical part of the inquiry.

¥ This is frequently called the Rule of Montgolfier. The formula is v = &3 g H; g eing
mdm.m,fdhthmngh in the first second of time (18-09 feet), and H’thoﬁglghtol
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would leave 4'686 linear feet per second as the actual discharge. If this be
multiplied by the area of the opening, in feet, or decimals of a foot,* the
amount is expressed in cubic feet per second, and multiplying by 60 will give
the amount per minute.

A table is given at page 128, in which this calculation has béen made for
all probable temperatures and heighta.

This cause of movement is, of course, constantly acting when the temperature
of the air changes. It will alone suffice to ventilate all rooms in which the
air is hotter than the external air, but will not answer when the air to be
changed is equal in temperature to, or colder than, the external air.

As its action is equable, imperceptible, and continuous, if is the most useful
cause in natural ventilation in cold climates, in inhabited and warmed rooms,
and in all habitations arrangements should be made to allow this cause to act.
As the action increases with the difference of temperature, it is most powerful
in winter, when rooms are artificially warmed, and is least so, or is quite
arrested in summer, or in hot climates, when the internal and external tem-
peratures are identical.

How powerful its action is may be seen from the following statement :—At
the Hospital Lariboisidre in Paris, a powerful fan is used to drive air into some
of the wards, at a considerable expunse. It has been lately shown by General
Morin that the movement of air in the wards is, however, chiefly produced by
natural ventilation, arising from difference of temperature. Only 14°9 per cent.
is on an average due to the fan, and in two experiments it was as low as 124 per
cent. No less than 851 per cent. of the movement was from natural ventilation.

SuB-SecTiON IV,—PRracTIcAL APPLICATION OF THE GENERAL STATEMENTS ON
NATURAL VENTILATION.

1. No particular arrangements are necessary to allow diffusion to act except
that there shall be communication between two atmospheres.

2. To obtain the perflation of the wind, windows should be placed, in all
cases where it can be managed, at opposite sides of a room. The windows
should open at the top, and in cuse the wind has a high veleeity, means
should be taken to distribute it. This can he done by sloping the window
inwards when it opens, a plan which answers admirably at the Middlesex
Hospital, where the windows are divided into three parts, which open slop-
ingly by a lever and pivot. A board may be placed obliquely upwards from
the top sash of the window, when it opens in the usual way; then the air
striking against the board is thrown up towards the cciling. The Patent
Vountilating Company use a wire screen, which folds up when the window is
shut, and unfuh}a when the window is pulled down.  The velocity of the
wind is checked by the gauze, and the current is minutely divided.  All these
plans are good, especially the one adopted in the Middlesex Hospital

Various plans have been proposed by dificrent persous. The panes of
glass may be wade double, spaces being left at the boffom of the outside pane,
and at the fop of the inner one, so that the wind is obliged to pass up between
the two panes beforo it enters the room. Or, the lower sash being raised,
and a piece of wood placed below it, the air is allowed to pass through
the space loft between the upper and lower sashes.  Or, glass louvres, which
can be more or lesa closed, are placed in one of the panes of the window ; or a
number of holes are obliquely bored through the panes, throngh which the air
may pass up towards the ceiling before it intermixes with the air of the room.

# 1t will be found always easier to take the area in decimals of a foot instead of inches ; bat

if it be taken in inches, multiply the livear discharge by the mumber of square inches, and
divide by 144, .
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Besides windows, special openings may be provided for the wind to blow
through, as in the plans already referred to of Mr Sylvester and Dr Arnott.

In all warm climates, where no chill can be produced by wind, it is a good
plan to make the walls entirely pervious. Nothing can be better than the ven-
tilation of the bamboo-matted houses in Burmah. Thewind blows through them,
but is so broken up into currents that it is not in the least unpleasant. Even
in colder parts of India the upper parts of the walls might be made thus per-
vious, provision being made to cover them, if necessary, in the cold season.

To obtain the full effect of the aspirating power of the wind, chimneys or
ventilating tubes should be fitted with cowls turning away from the wind.
The cowl should be large, and should expand greatly towards the end, so a8
to make the calibre of the opening several times groater than that of the tube
(fig. 10). Most cowls on chimneys are too small. The upper rim should
also project a little, so as to lessen the chance of rain getting in.

Another form of covering is represented in fig. 9, and is also drawn in
section (fig. 11). Whichever way the wind blows it almost always causes
an up-draught. A little rain, however, may possibly penetrate, but otherwise
it is as good as the cowl.

Fig. 11.
Fig. 10. Rection of fig. 9.

Fig. 12.

Louvred openings are not nearly so good ; the as irating effect is much less,
down-draughte are common, and rain gets in. If f:mvres are used, s plan in-
vented by Mr Ritchie is a good one.* Inside the louvre is a moveable cylinder,

cil. t. i. p. 241) figures & variety of chimney coverings, and many others
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turning with a vane; on the side opposite the wind is an opening through
which the air escapes (fig. 12).

3. The movement produced by unequally heated bodies of air, will, of
course, go on through open windows and doors; and through all the con-
trivances just mentioned. But as windows and doors must sometimes be shut
in cold clirmates, no room of any kind should be without openings (in addition
to doors and windows), which may permit this movement from unequal
temperature to go on. The great difficulty here, is to exclude the action of
the wind ; and, in fact, it is impossible to do so; but as far as possible,
the openings should be protected from the perflating influence of the
wind ; so that only its aspirating force should be acting. They should be
capable of being lessened in size, when the difference of the external and in-
ternal temperatures is great. As long as there are openings, movement will go
on; and it does not really matter, as long as there is proper distribution, where
the air comes in or goes out, or whether its direction is constant. In fact, it
scarcely ever is constant, so liable is the direction to be altered by winds, the
action of the sun heating one side of a room, the unequal distribution of heat
in the room, &c.  Still, it seems desirable, as far as it can be done, to make
such arrangements as shall give the movement of air a certain direction ; and
therefore, in most systems, sume of the openings are intended for the admission
of fresh air,  These are called inlet, entrance, or adduction openings ; others are
intended for the discharge of impure air—exit, outlet, or abduction openings.

Total size of all the openings, whether intended for Inlets or Outlets,.—As the
movement of air increases with temperature, the size of the apertures can only
be fixed for a certain given temperature ; and as the efflux of hot air increases
with the height of the column (supposing the temperature is equal throughout),
a different size has also to be fixed for different heights.

Supposing that the height of the heated column be 15 feet, a difference of
ten degroes hetween the external and internal air produces an efflux (allowance
being made for friction) of about 12,000 linear feet per hour.  For an opening
of 1 square foot, 12,000 cubic feet would be therefore discharged ; and if the
discharge per man is to be 2000 cubic feet per hour, the share of outlet space
per man will be, of course, one-sixth part of a square foot, or 24 square inches.
There must be, of course, an equal amount of iulet ; so that the inlet and
vutlet together would be 48 square inches per head.  This, therefore, would be
the total open area necessary for cach person, independent of all openings by win-
dows and doors. This is nearly equivalent to a square opening 5 inches (49
inches) to the side.  In hospitals more must be given, as more air is necessary.

To get the total size of the openings for any room containing healthy per-
sons, multiply, then, 48 by the number of persons, and the result is the total
section area to be provided, expressed in square inches. For hospitals, mul-
tiply 72 by the number of persons.

1f the columns of hot air be higher than 15 feet, the openings can be made
smaller, provided the temperature be the same throughout. The exact size
can be determined by the table, p. 128, if it be thought necessary.

Sir Joshua Jebb's experiments, referred to in the Report of the Barraek
Committee (1855, p. 108), give an amount of 35 to 50 square inches for
inlet and outlet ; but in this case, extraction by a fire was in force,

The Barrack Commissioners of 1861, whose plans are now used in all the
barracks and military hospitals of the British army, order, on an average, 11
square inches of outlet for each man, in addition to the chimney ; or for a room
of twelve men, an outlet tubo of nearly 1 syuare foot superficies is provided.
The exact amount depends, however, on the position of the barrack-room, or
in other words, on the height of the outlet shaft; in the lowest story of a three-
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storied building, only 10 square inches are given per head. (See Barracks.)
The area of the inlets is made nearly equal to that of the outlet-shaft (10 to
11 square inches). The total area of inlet and outlet is therefore 22 to 24
square inches ; but there is also the chimney, which in barracks and hospitals
gives, on an average, about 6 square inches to each man ; making the total area
of openings about 28 to 30 square inches per head. In hospitals, thess
numbers are doubled. This plan has wonderfully improved the ventilation
of barrack-rooms ; and a change of air, equivalent to about 1200 cubic feet per
head per hour, is, on an average, secured in barracks.*

Relative size of the Inlets and Outlets.—It is commonly stated that, as the
heated air expands, the outlets should be larger than the inlets, and the great
disproportions of 5 to 4 and 10 to 9 have been given. As, however, the
average difference of temperature is only about 10° to 15° Fahr. in this country,
the disproportion is much too great, as a cubic foot of air only expands to
1020361 cubic feet, with an increase of 10°. Even if the difference is 30°
Fahr. a cubic foot of air vnly becomes 1:061 cubic feet, which is equal to
an increase of about yyth. The difference is so slight that it may be ne-
glocted, and the inlets and outlets can be made of the same size.

It is desirable to make each individual inlet opening not larger than 48 to
60 square inches in area, or enough for two or three men; and to make the
outlet not more than 1 square foot, or enough for six men. Distribution is
more certain with these small opeuings.

Position and Description of the Inlet und Qutlet Tulbws.—1. Inlets.—The air
must be taken from o pure source, and there must be no chance of any effluvia
passing in.  As a rule, the inlet tubes should be short, and so made as to be
easily cleaned, otherwise dirt lodges, and the air becomes impure. TInlets
should not be largo and single, but rather numerous and small (from 48 to 60
inches superficial), so that the air may be properly distributed,  They should
be conical, or trumpet-shaped. where they enter the room, as the entering air,
after perhaps s slight contraction, spreads out fan-like, and a slight back-
current from the room down the sides of the funnel facilitates the mixing of
the entering air with that of the room.  To lessen the risk of immediate down-
draught they should turn upwards, if they are placed above the heads of the
persons. Externally the inlets should be partly protected from the wind ;
otherwise the wind blows through them too rapidly, and, if the current he
strong, draughts are felt ; an overhanging shelf or hood outside will answer
pretty well.  Valves must be provided to partially close the openings if the
wind blows in too strongly, or if the change of air is too rapid in cold weather.
In many cases (for example, when they enter at the hottom of a room, and
the air is not warmed) the tubes should be covered with wire-gauze, 80 as to
break up the entering current into small streams ; but the openings must not
be too small, otherwise friction may be great enough to check the entrance.
The wire-gauze must be frequently cleaned.

Sometimes an inlet tube must be carried some distance to an inner room, or
to the opposite side of a large room which is unprovided with cross-ventilation.
In this case the heat of the room so warmns the tube that the wind may be
permitted to blow through it.

® Wolpert (Principien der Ventilat. (p 1569, 160) {weu the following formula for detefminln!
the section area of a ventilating opening (presumably both inlet and outlet). Let H be the heigh
of the roum or tube to the point of discharge ; gthe number of persons in it ; and 8 » constant

VH x 3
I gas-lights are in the room, the constant must be 1:5.  The number ohtained gives the avea
in square feet, or parts of mwo foot. The formula seems to give too small a section area.
1t is to be always rememhered, that, as regards ventilation, children are to be reckoned as adults,
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The position of the inlets is a matter of some difficulty. If there are several,
they should be, of course, equally distributed through the room, 80 as to ensure
proper mixing of the air. But the position of the outlets must, in part, deter-
mine their position, es, if placed too near an outlet, the fresh air may at once
escape ; they must therefore be sufficiently distant from the outlets. Theore-
tically, their proper place of entrance is at the bottom of the room, but if so,
the air must in this climate be warmed ; no person can bear the cold air flowing
to and chilling the feet. The air can be warmed easily in various ways, viz.—

(a.) The air may pass through boxes containing coils of hot-water pipes, or
(in factories) of steam-pipes. This is the best mode of warming. The coils
may be close to the outside wall, or in the centre, or in hospitals in boxes
under the beds, communicating with the exterior air, and opening into the
ward. This is an excellent plan, as the confined space below the bed, and the
bed iteelf, are purified, and the fresh air rising on both sides of the bed at
once dilutes the air of respiration and transpiration. (See HospiTaLs.)

&b.{e'l'he air may pass into air-chantbers behind or round grates and stoves,
an there warmed, as in the present barrack and hospital grate, contrived
by Captain Galton ; or as in the Meissner stove of Germany, an old and excel-
lent contrivance ; or as in the terra cotta stove, in the Herbert Hospital at
Woolwich. (\bee WARMING.)

(c.) The tubes may be made to run for some distance inside the room, so
that they may become warm ; metal tubes answer best for this purpose, and
the tubes should be small,

If the air cannot be warmed, it must not be admitted at the hottom of the
room ; it must be let in above, about 8 or 9 feet from the floor, and be directed
towards the ceiling, so that it may pass up and then fall and mix gradually
with the air of the room. The Barrack Commissioners have adopted this plan
with half the fresh air brought into a barrack-room ; the other half is warmed.
It answers very well.

The fresh air may be introduced at the top of the room, as in M‘Kinnell's
plan, and, if properly distributed, this arrangement answers very well. But both
these last modes must he considered inferior to the first if the air can be warmed.

In town or manufacturing districts the air is so loaded with particles of coal,
or, it may be, other powders, that it must be filtered.  Nothing answers better
for this than muslin, or thin porous flannel spread over the opening, which
then should be mude larger. This covering can be moistened if the incoming
air be too dry.

2. Outlets.—The place for the outlets is & most important consideration,
us it will determine I great measure the position of the inlets. If there are
no meaus of heating the air passing through them, they should be at the top
of the room ; if there are means of heating them, they may be at any point.
If not artificially warmed, the highest outlet tube is usually the point of
greatest discharge, and sometimes the only one.

a.) Outlet Tubes without Artificial Heat.—They should be placed at the
highest point of the room ; should be enclosed as far as possible within walls,
50 a8 to prevent the air being cooled ; should be straight and with perfectly
smooth internal surfaces, 8o that friction may be reduced to a minimum.
shape they may be round or square, and they must be covered above with
pome apparatus (tho cowl, hexagon tube, &c.), which may aid the aspirating

er of the wind, and prevent the passage of rain into the shaft (see page 108).

e louvred openings are not the best.

The causes of down-draught and down-gusts in outlet tubes are,—the wind
forces down the air, rain gets in, and, by ovaporation, so cools the air that it
becomes heavier than the air in the room, or the air becomes too much ceoled
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by passage through an exposed tube, so that it cannot overcome the weight
of the superincumbent atmosphere ; or another outlet shaft, with greater dis-
charge, reverses the current.

Arrangements should be made to distribute the down-draught, if it occurs;
flanges placed at some little distance below, 8o as to throw the air upwards
again before it mixes with the air of the room, or simple contrivances of a
similar kind, may be used. Valves should be also fixed to lessen the area
of the outlet when necessary. If there are several outlet tubes in a room, all
should commence at the same point, be of the same height (or the discharge
will be unequal), and have the same exposure to sun and wind.

Simple ridge openings may be used in one-storied buildings with slanting
roofs ; they ventilate most thoroughly, but snow sometimes drifts in. an
may be prevented entering by carrying down the sides of the overhanging
ridge for some little distance. A flange placed some little distance below
will throw any down-draught towards the walls.

(b.) Outlets with Artificial Warmth.—The discharge of outlets is much more
certain and constant if the air can be warmed. The chimney and open fire
is an excellent outlet; so good that in dwelling-houses, if there are proper
inlets, no other outlet need be made. 'When rooms are large, and more
crowded, other outlets are necessary ; the heat of the fire may be farther
utilised by shafts round the chimney, opening at the top of the room, or, in
other words, by surrounding the smoke-flue with foul-air shafts,

Gas, if used, should in all cases be made to warm an outlet tube, both to
carry off the products of combustion, and to utilise its heat. The best ar-
rangement appears to be to place over the gas-jet a tube to carry off the pro-
ducts of combustion, and to case the pipe itself with a tube, the opening of
which is at the ceiling ; the tube carrying off the gas products is hot enough
to cause a very considerable draught in its casing, and thus two outlet currents
are in action, one over the gas, and one from the ceiling round the gas-tube,

In various other ways the heat of fire and lights may be taken advantage of.
There will be seldom any difficulty in arranging the inlets and outlets, and in
obtaining a satisfactory result, if these principles are borne in mind, viz., to
have the fresh air pure, to distribute it properly, to have the relative positions
and sizes of the inlets and outlets so arranged as to keep the currents vertical,
and to adopt every means of warming the outlets, and of distributing the air,
which, in spite of all precautions, will occasionally pass down them.

In hot climates, when outlet shafts are run up above the general level of the
building, it would be of advantage to make them of brickwork, and to colour
them black, so that they may absorb and retain heat.

Under the headings of the different military buildings, the plans to be used
in each case are particularly described.

Sus-8ectTioN V.—PLANS oF TUBES AND SHAFTS WHICH HAVE BEEN I’ROPOSED.

In most of the plans which have been proposed, the inventors have not
distinctly seen that the influence of the winds and of the movement of air
produced by unequal temperatures must be carefully distinguished, and, as
far as can be done, provided for.

1. Openings at once to the Outer Air for Inlets, the Chimney being relied on
Jor the Qutlet or Special Tubes fixed in.—~Perforated or air bricks are let into
the walls. A usual size is 9 x 3 inches, and the united area of all the several
openings in one brick is about 11} square inches. Another common size is
10 x 6 inches, with an open ares of about 24 square inches. The wind blows
freely through them, draughts are produced.
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The Sheringham valve is an improvement on this ; the air passes through
a perforated brick or iron-plate, and is then directed upwards by a valved
opening, which can be closed, if necessary, by a
balanced weight (fig. 13). The size of the internal
opening is, in the usual-sized valve, 9 inches by 3,
and the area is 27 inches. These valves are usually
placed towards the upper part of the room. The
wind blows through them, and the movement is
therefore variable, They are often outlets ; it will,
in fact, depend upon circumstances whether they are
inlets or outlets. Very little draught is, however, caused by them, unless
with a high wind ; they are well adapted for small rooms, but if used in
large rooms, there must be a considerable number of them.

An open iron frame of the size of a brick, covered with perforated zinc,
and with a valve to close it, if necessary, is a still simpler plan, and the air is
pretty well distributed. The gauze should be cleaned frequently. The
National Ventilation Company fix folded wire-gauze screens at the top of the
windows ; when the window is opened, the sereen is unfolded. Mr Louch,
of Dublin, uses a wooden box, which containg 3 or 4 partitions of perforated
zine, and can be closed inside by a sloping cover ; the hox is placed obliquely
through the wall under the eaves, and the air is broken into currents by the
zine, and is then thrown up towards the ceiling by the sloping cover. This
answers well in calm weather, hut the wind blows through, and draughts are
caused.  As outlets, Mr Louch fixes straight tubes in the highest part of the
room, covered below by perforated zine, and above by a hood. In high winds the
air is drivon down these tubes, as the hood does not protect from down-draught.

The Barrack Commissioners have placed in the
barracks an opening about 7 to 10 feet from the \ 1

Fig. 13,

ground ; inside the room there is & fixed triangular
bux, closed at the sides and open above. The upen-
ing is much larger than the external opening. It
was protected by wire-gauze, but thix is now found
to be unnecessary.

A plan proposed by Mr Varley is said to have
worked well in a school of 200 children ; a per-
forated zinc tube, opening into the external air,
runs round the cornice of three sides of the room ;
on the fourth side, another perforated rzine tube

is connected with the chimmey. Many years Lif /'
ago, a similar plan was applied to emigrant ships ;
two tubes ran the whole length of the between Fig. 14.

decks, just under the upper deck ; the under side

was perforated, and the tubes opened at the two ends externally ; the wind,
entering one end, blew strongly along the tubes, sending down a great body
of airand sending off the impure air from the other end.

2. Tubes of Different Kinds—A single fube has been sometimes wsed for
inlet and outlet, a double current being established. This is, however, a rude
plan, as there are no means of distributing the air, and as the intermingling of
the current and the friction of the meeting air is sometimes so great as
to impede, or even for a time stop, the movement.* To avoid these incon-

* The model of Watson's ventilating tube is well adapted for showing how opposing ‘currents
of air hlock each other. Although the tube is of good size, & candle ‘;\»lm'ed in a bell glass, into

m top of which the tube is fixed, soon goes out ; a partition being then inserted into the tube,

currents are at once divided, one passes up, one down, the sides of the tube, and the candle
buarns again.

n
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veniences, Watson proposed to place a partition in the tube (fig. 14), and
Muir suggested the use of a double partition running from corner to corner,
8o as to make 4 tubes. He covered his divided tube with a louvre, so as
to make use in some degree of the aspiratory power of the wind on one
side,
In these tubes, accidental circumstances, such as the sun’s rays on one
side, the wind, the fire in the room, &c., will determine which is outlet and
which is inlet. They are so far better that the partition divides the currents
and provents friction, but there is the same irregular action and changing of
currents from accidental circumstances, so that the direction of the currents and
their rate are variable. The distribution of the entering air is also not good.

Much better than these plans is M‘Kinnell’s circular tube. It consists of
two cylinders, one oncircling the other, the arca of the inner tu_be and
encircling ring being equal. The inner one is the outlet tube; it is so

because the casing of the other tube maintains

f-’\ the temperature of the air in it ; and it is also

always made rather higher than the other;

above it is protected by a hood, but if it had a
cowl turning awuy from the wind, it would be
better. The outer eylinder or ring is the
inlet tube ; the air is taken at a lower level
than the top of the outlet tube; when it
enters the room, it is thrown up towands the
ceiling, and then to the walls by a flange
placed on the bottom of the inner tube ; the
air then passes from the walls along the floor
towards the centre of the roomn and upwards to
the ontlet shaft. (Fig. 15.) Both tubes cav
be closed by valves. If there is a fire in the
room, both tubes may become inlets, in that case
the outlet tube should be closed ; if doors and
windows are open, both tubes become outlets.

The movement of air by this plan is imperceptible, or almost so ; it is an
admirable mode for square or round rooms, or small churches ; for very long
Tooms it is less adapted.

The tube is made of all sizes, from 6 inches in diamcter, which is adapted
for a sitting-room, up to 7 or 8 feet, which is the size used in some churches,

a The two tubes, after passing out of the room,

may be taken in different directions, care being
taken that the inner tube is always the longest,
and, if possible, with the fewest curves,

If the two tubes can be kept together for some
distance, an advantage would perhaps be gained,
as the hot air would transmit a portion of its
heat to the air in the outer tube, which would
enter the room at a higher temperature than
would otherwise be the case ; some loss of move-
ment would result, but this would be trifling.

Dr Chowne * has proposed an inverted syphon
& for an outlet tube. He finds that in an inverted

— “  syphon there is a current up the long limb, and
Fig. 16, is, in fact, powerful enough to overcome the
* Ventilation by means X
rtah llation by po- O‘Ofmﬁ;e.rtnt mﬂ;lcor air-xyphon, and movement in atsnospheric

S 74

3

' '\»xmmmmwmwa\m@g
Fig. 15.
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resistance of the air in the short leg, and to draw a current down the short leg
with considerable force, which is proportioned to the excess in length of the
long leg. The cause is perhaps the fact, that the temperature of the air in
the long limb is higher, though Dr Chowne has not been able to detect this
by the thermometer ; he thinks that the changes in the amount of watery
vapour play some part in the production of the current.

Dr Chowne proposes to make the chimney the long leg of the syphon, to
make the junction at or just above the throat of the flue, and so let the short
log open near the ceiling of the room. Separate inlets are provided. From
personal observation, 1 can testify that a good movement of air is thus obtained.

Dr Armott’s chimney ventilator is a valved opening at the top of the room,
leading at once into the chimney ; and, like Dr Chowne’s syphon, has the great
advantage of drawing the air from the top of the room ; it has been, and is, much
used, but has the inconvenience of occasionally allowing the reflux of smoke,

Of these various plans, M‘Kinnell's should be chosen, if the air must be
admitted at the top of the room; and it is well adapted for guard-rooms, cells,
and rooms of small dimensions, when it is desired to have the ventilating ap-
paratus out of reach. Watson’s divided tube can also be used, but is less
useful than M‘Kinnell's.

Under other circumstances, it is best to keep the inlet and outlet tubes
distinet. The plans for military buildings are given under the respective
headings of Barracks and Hospitals.

SECTION 1L
ARTIFICIAL VENTILATION.

Artificial ventilation is accomplished in two ways; either the air is drawn
out of a building or room (the method by extraction), or it is driven in, so as
to force out the air already in the room (the method by propulsion).

SuB-Sec1108 [.—VENTILATION BY EXTRACTION.

This is produced by the application of heat, so as to cause an upward cur-
rent, or by the steam jet, or by a fan or serew, which draws out the air.

1. Ertraetion by Heat—The common chimney is & well-known example of
this. There is a constant current up the chimney, when the fire is burning, in
proportion to the size of the fire, and of the chimney. The usual current up a
cormnon sitting-room chimney, with a fair fire, is, as measured by an anemometer,
from 3 to 6 feet per second. A very large fire will bring it up to 8 or 9 feet.
The movement caused by a kitchen or furnace fire is, of course, greater than
this. If the area of the section where the anemometer is placed be known, the
discharge can be stated in cubic feet. In a room I have often examined, the
aresa of the throat of the chimney is 15 square feet ; there is no down-draught,
but an upward current, which, with a good fire, is 4 fect per second. The
discharge per second is then 6 cubic feet, or no less than 21,600 cubic feet per
hour. The capacity of the room is 2000 cubic fect, so that a quantity equal
to the total air in the room passes up the chimney ncarly 11 times per hour.
And yet, with this immense current, the room, when shut up with two or
three persons, gete close. The reasom is, that when the window is shut
the fire is chiefly fed with air which enters below two doors, and which,
flowing near the ground to the chimney, never properly diffuses through the
yoom. The current near the ground moves from 16 to 2:6 feet per second,
and chills the feet. A few feet above the ground no movement canzbe dis-

H
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covered. This is an example of great movement but bad distribution of air,
and consequently imperfect ventilation,

‘When the air enters in more equably, and is better distributed, the move-
ment of air is from she inlets gently towards the fireplace ; there is also said
to be a movement, from ahove the fireplace, along the ceiling and down the
walls, and then along the floor to the chimney. (Reid and Stewart, quoted
by the Barrack Commissioners.

In the wards of Fort Pitt the current, with a good fire, is about 3} to 4}
feet per second, and as the section-area of the throat is ‘5 square foot, the
average discharge is about 7200 cubic feet per hour. In the barracks of
Chatham, Dr Fyffe found the discharge by the chimney to he Y080 cubic
feet per hour (average of six observations). In the barracks at Gravesend,
Messrs Hewlett, Stanley, and Reed found the discharge to he 6120 cubic feet
per hour (average of twenty observations), In the experiments of the Barrack
Commissioners,* the chimney discharge ranged from 5300 to 16,000 cubic feet
per hour, the mean of twenty-five experiments being 9904 cubic feet.  Even in
summer, without a fire, there is generally a good up-current, but it is difficult
to state the amount. 1t may be then concluded that, with an ordinary fire, a
chimney gives a discharge sufficient for four or five persons; if, then, more
than this number of persons habitually live in the room, another outlet must
be provided.

As the current up the chimney is so great when the fire is lighted, all
other openings in a room, if not too many, become inlets; and, in this way,
down-draughts of air may occur from tubes intended as outlets.  There is no
remedy for this, and, if too much enters, the vutlets must be morc or less closed.

If the room be without openings, so that no air can reach the fire, air is
drawn down the chimney, and a double current is established, by which the
fire is fed. This is one cause of smoky chimneys, the down-current coming
down in puffs, and is at once cured by making an inlet.

The chimney and fire is the type of a number of other similar modes of ven-
tilation by extraction.

The ventilation of mines is carried on by lighting a fire at the hottom of
shaft (the upcast or return shaft), or half a shaft, if there be only one. The
air is drawn down the other or downecast or intake shaft, or half the shaft, and
is then made to traverse the galleries of the mine, being directed this way or
that by partitions. Double doors are used, sn that there is no back or side rush
of the air. The current passes up the upcast-shaft at the rate of from 8 to 10
feet per second ; it flows through the main galleries at the rate of from 4 to 6
feet per second, or even more, and from 1000 to 2000 cubic feet per head per
hour are supplied in good mines. In fire<damp mines much more than this is
given, even as much as 6000 cubic feet per man per hour (Procecdings of Civil
Engineers, vol xii. p. 308). If the quantity of air be reduced too low there is
a serious diminution in the amount of work performed by the men. A horse
requires 2466 cubic feet, and a light 59 cubic feet per hour. It may easily be
conceived how skilfully the air must be directed, so as to traverse the most

remote workings ; in some mines a portion of air makes a circuit of from 30
to 40 miles before it can arrive at the up-cast shaft. The size of the shafts in
a colliery vary from 8 to 11 or 12 feet in diamoter; the sectional area of a
shaft of the former size would be 50 square feet. A current of 8 feet per
second in the upcast-shaft would give a discharge of 1,440,000 cubic feet per
hour, which would give 720 men 2000 cubic fect per hour.

The sectional area and height of the extractingshaft, and of the tubes

# Report, 1861, p. 78,
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running into it, has been fixed by Péclet; the principle is to give to the
shaft the greatest height which can be allowed, and the largest section which
can be given,* without permitting the temperature of the contained air to fall
&0 low a3 t0 be unable to overcome the resistance of the atmosphere at the top
of the shaft, or the action of the winds.+

In large buildings the same plan is often used ; a chimney (cheminée d'appel
of the French) is heated by a fire at the bottom, and into the bottom of this
shaft, close to the fire, run a number of tubes coming from the different rooms,
Several French and English hospitals, and many other buildings, are
ventilated in this way. Dr Reid for some years ventilated the Houses of
Parliament in the same manner, and so powerful was his up-draught that he
could change the entire air in the building in a few minutes.

In dwelling-houses it has been proposed to have a central chimney, into which
the chimneys of all the fires shall open, and to surround this with air-shafts con-
nected with the tops of the rooms, 1t is supposed that, if other inlets exist, there
will be a current both up the chimney and up the shaft running beside it.

In all these cases it requires that the workmanship shall be very exact, so
that air shall not reach the extracting shaft except through the tubes.

It is now exactly a hundred and twenty-one years ago since Dr Mead
brought before the Royal Society Mr Sutton’s plan of ventilating ships on
the same principle. Tubes running from the hold and various cabins,
joined together into one or two large tubes which opened into the ashpit
beneath the cooking tires. If the doors of the ashpits were kept closed, the
fires drew the air rapidly from all parts of the ship. Unfortunately, this plan
nover came into general use. The same plan®was adopted by Ir Mapleton
for the ventilation of the hospital ships employed in the last (1860) China
war. The arrangement requires some watching to provent careless cooks
from allowing air to reach the fires in other ways,

On the ssme principle, men-of-war are now being ventilated. The funnel,
and upper part of the boiler, and, as far as possible, all the steam apparatus,
is enclosed in an iron casing, so that a space is left of some 3 or 4 feet be-
tween the casing and the funnel. When the fires are lighted, there is of
course a strong current up this space, and to supply this the air is drawn
down through all the hatchways towards the furnace doors. The tempera-
ture of the stoke-hole is reduced from 130° or 140° Fahr., to 60° and 70°;
and the draught to tho fires is so much more perfect, that more steam is
obtained from the same amount of fuel. This plan, devised by Mr Baker,
has heen ingeniously applied by Admiral Fanshawe, late superintendent at
Chatham dockynrd, to the ventilation of every part of the ship where there
are no water-tight compartments. Edmond’s plan combines with this the
ventilution not only of the hold, but of the timbers of the ship.

Sometimes, instead of a fire at the bottom of the chimney, it is placed at the
top, but this is a mistake, as there is a great loss of heat from the immediate
escape of the heated air; the proper plan ig to heat, as much as possible, the
whole column of air in the chimney, which can only be done by placing the
fire below,

Sometimes, instead of, or in addition to a fire, heat is obtained in the shaft

® De la Chaleur, 3d edit. 1861, t. iii. p, 66, et seg. .

+ The amount of the resistance given to the muvement of air through the tubes leading to the
shaft, and in the shaft itself, can be calculated from the formula given by Péolet at page 47
(t. iit.), but which it is unnecessary to introduce here. General Morin’s observationa show that
the difference in the volumes of uir‘lplm‘ through small openings is in the ratio of the square
t"];?: of thnl area. The increased v ocit;'nﬁmugh the smaller openings does not compensate for

great loas.
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by means of hot-water pipes. This plan has long been in use in England,*
and has lately been introduced into ce, and improved by M. Leon Duvoir.

arming, as well as ventilation, is accomplished by this method, which is in
action at the Hospitals Lariboisiére (in one-half) and Beaujon. It appears to be
at once effectual and econormical, though it has been sharply criticised by Grassi
and Péclet. After a very long investigation into the merits of all rival plans,
it has been adopted by a French Commission for the warming and ventila-
tion of the Palais de Justice at Paris.+ The plan at the Hospital Lariboisiére
is simply this : an extracting shaft contains in the lower part a boiler, from
which two spiral hot-water tubes run up to the requisite height in the shaft,
and then, leaving it, pass downwards and enter the wards, in which they are
coiled so as to form hot-water stoves, and then leaving the wards, they pass
down and re-enter the boiler. There is a continual circulation of hot water ;
and in the shaft there is necessarily an upward current of air. But as the air
is continually increasing in temperature towards the point of discharge, there
is a loss of power, just as in the case of the fire being placed at the top instead
of the bottom of the shaft. From the bottom of the wards air-conduits or
tubes run into the cxtracting shaft, and thus the vitiated air is drawn out of
the wards. The fresh air is admitted directly from the outside into the wards,
and is warmed by being admitted through the coils of the hot-water tubes.
Tn the summer the water is shut off from the water-stoves, but the tem-
perature of the extmeting shaft is still maintained.

It is most decidedly true that the ventilation by this plan is irregular;3
wmd also, that in the Hospital Lariboisitre, a much greater quantity of air
passes through the extracting Shaft than enters through the hot-water stoves,

In the summer, when there is ventilation without warming, the outflow of
air from the wards varied from 844 cubic metres (2980 cubic feet) to 553
cubic metres (1952 cubic feet) per head per hour.§

In the winter, when there is both ventilation and warming, the outflow of
air from the wanls was 822 cubic metres, or 2902 cubic feet, per head per
hour. Of that amount only 35 cubic metres (1235 cubic feet) entered by
the water-stoves, the rest came in by doors and windows and other openings ;

" an objectionable point, as the air might press in from the closets.  Yet, in
spite of this, the temperature was maintained pretty well up to the limit fixed
in the agreement, viz., 15° Cent., or 59° Fahr.

Oil has been uSgn fgypome cases instead of water.
Very frequenmu of a fire, or hot-water vesscls, lighted gas is used
to cause a current, and of the gas can he applied to other uses, such as lighting,
cooking, or boiling watet, the plan is an economical vne,

In theatres the chandeliers have long been made use of for this purpose.
M. Darcet proposed this for several of the old theatres in Paris, and the Com-
mission || lately appointed to determine the mode of ventilation to be adopted
in the Théatres Lyrique et du Cirque Impérial, have determined, after much
consideration, that this plan is the best adapted for theatres. The details
have, however, been somewhat modified from those devised by Darcet, and
are too long to be here inserted, but they seemn admirably adapted to distri-
bute the entering air thoroughly, and to ensure its discharge.  The entering

® It is in use at the Circuit Court House in Glasgow, and in the Pulice Buildings at
burgh (Ritchie), and in many other hni)dinﬁ:.

T Two excellent reports have been made by this Commission, of which General Morin in re-
porter.  Their titles are given farther on, '

1 Péclet—Traité De In Chaleur, 1861, t. ifi. p. 267.

R g.mm,n opd.s«,;it. Lr. 85-37. e Cha v

ppurt de la Commission sur 18 Chauflage et 1a Ventilation du Théatre-Lyrique ot du

Théutre du Cirque Impérial. Rapporteur l¢ General Morin. Paris, 166]. yria
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air is warmed by caloriféres below the pit, and is then carried by flues to the
front of the stage, and fo the front of each tier of boxes, where they open at
the floor. The outgoing air is drawn away by flues running from each box, and
ending in a large central shaft surrounding the tube carrying off the products
of the combustion of the central chandelier. But every gas jet in the house,
as well as the spare heat of the furnace, is made to contribute its share of
movement. The amount which can be supplied in winter is 30 cubic metres
(= 1059 cubic feet) per head per hour. The burning of 20 cubic metres (706-2
cubic feet) of gas in one hour at the Opera Comique caused the discharge of
80,000 cubic metres of air (28,242,800 cubic feet). The temperature of the
air was 9° Cent., or 16° Fahr.,above the external air. At the Vaudeville, 10
cubic metres (353 cubic feet) of gas were consumed per hour, and 15,523 cubic
metres (548,210 cubic feet) passed through the chimney, so that 1 cubic foot
of gas perfectly consumed, caused the discharge of 1553 cubic feet of air.

The advantages of extraction by heat, especially in the case of theatres and
buildings where gas can be brought into play, is obvious.

There are some objections to extraction by the fire and hot-air shaft.

1. The inequality of the draught. It is almost impossible to keep the fire
at & constant height. The same quantity of combustible material should be
consumed in the same time every day, and the heat should be kept in by
large masses of masonry. Still, with these precautions, the atmospheric in-
fluences and changes in the quality of the combustibles cannot be avoided.

2. The inequality of the movement from different rooms. From rooms
nearest the shaft, and with the straightest connecting tubes, there may be a
strong current, while from distant rooms the friction in the conduits is so
great that little air may pass. The greatest care is therefore necessary in cal-
culating the resistance, and in apportioning the arca of the tubes to the resist-
ance. This plan is indeed best adapted for compact buildings.  Occasionally,
if the friction be great, from too small size, or the angular arrangement of
the conduits leading to the hot-shaft, there may be no movement at all in the
conduits, but a down-current to feed the fire is established in the shaft itself ;
a state of things which was discovered by Dr Sanderson to exist in the venti-
lation of St Mary's Hospital in London.

3. The possibility of reflux from the shaft to the rooms of smoke, and pas-
sage of air brought by one conduit through another conduit, is another objec-
tion of some weight.

4. The impossibility of properly controlling the places where fresh air
enters. It will flow in from all sides, and possibly from places where it is
impure, as from closets, &c. ; air is g0 mobile that with every care it is diffi-
cult to bring it under complete control—it will always press in and out at
the point of least resistance.

2. Ertraction by the Steamjet.—The moving agent here is the force of the
steam-jet, which is allowed to pass into a chimmey. The cone of steam sets
in motion a body of air equal to 217 times its own bulk. Tubes passing from
different rooms enter the chimney helow the steam-jet, and the air is extracted
from them by the strong upward current. This plan is best adapted for
factories with spare steam. 1t was employed for some time in the ventilation
of the House of Lords, but was finally abandoned.

3. Extraction by a Fan or Screw.—An extracting fan or Archimedean screw
has been used to draw out the air. Several diffarent kinds have been pro-
posed by Messrs Combes, Letoret, Glepin, and Lloyd, and have been used in
coal-mines in Belgium, and in some of the English mines. At the Abercarn
mine, in South Wales, a fan is nsed of 13 fect diameter; the vanes, eight in
number, are 3} wide by 3 feet long ; at 60 revolutions per minute the velocity
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of the air is 782 linear feet per minute, and 45,000 cubic feet are extracted :
the velocity at the circumference of the fan is 25456 feet per minute ; the
theoretical consumption of cual per hour is 174 1bs.*

Mr Van Hecke formerly used a fan for this purpose, in his system of venti-
lation of buildings, but he has found it better to abandon it, and to substitute
a propelling fan. It was proposed by Mr Higgins to put in a chimney an
Archimedean screw to be turned by the wind, and in this way it was thought
a constant upward current would be caused. But the plan has little power,
and is not now employed. .

To both these methods of extraction some of the objections already noted
apply, but extraction by the fan is of course more uniform.

Sub-SecTioN II.—VENTILATION BY PPROPULSION.

This plan was proposed by Desaguliers; in 1734, when he invented a fan
or wheel enclosed in a box. The air passed in at the centre of the fan, and wus
thrown by the revolving vanes into a conduit leading from the hox. 1n some
form or other, this fan has been used ever since; and the conduits leading
from it are now generally made large, so that the fan may move slowly, and
deliver a large quantity of air at a low veloeity. The fan, if small, is worked
by hand ; if larger, by horse, water, or steam power.

The fans are often made with six or eight rays, cach carrying vanes at the
end, which should be as close as possible to the enveloping box.  In size, the
length of the vanes should be more than half the length of the rays ; the
number of rays should augment with the dinmeter of the orifice of acceas.}
Piéclet, p. 259.)

The amount of air delivered can be told by timing the rpeed of revolution
of the extremitivs of the fan per second, or per minute ; the «.'ﬁ'éqi\'e velocity
is equal to § of thix, and this is the rate of movement of the air. If the
section-area of the conduit be known, the number of cubic feet discharged per
second, minute, or hour, can be at once calculated.

The power of this plan ir very considerable.  With a fan of 10 feet diameter,
revolving sixty times per minute, the effective veloeity is 1414 feet per minute,
The rate of movement in the main chaunel should not be more than 4 feet per
second ; the conduits must gradually enlarge in calibre; and the movement,
when the air is delivered into the rooms, should not be more than 14 feet per
second.

At the Hospital Lariboisitre, in Pariy, it is stated that 150 cubic metres
(= 4296 cubic feet) have been delivered per head per hour, in the wanls
ventilated by the propelling fan of MM, Thomas et Laurens. It must, how.
ever, be remembered, that the later observations of General Morin have shown
that much of the movement ascribed to the fan was really owing to natural
ventilation.

This plan is extremely well adapted for those cases in which an extromely
large amount of air has to be suddenly supplied, as in crowded music halls
and assembly rooms. St George's Hall at Liverpool is ventilated in this
way. The air is taken from the hascment; is washed by being drawn
through a thin film of water thrown up by a fountain ; is passed into calori-

® Ure's Dictionary, 1860 ; Art. Ventilation, vol. iii. p. 1.
g} Coume of :zxpeﬁmm’ Philosophy, vol. #. p. 564. The wheel wan shown to the Koyal
ety .
$ Péclet, De la Chaleur, 8d. edition, 1860 ; t. ii. p. 209, 263. Numerous kinds of fans for
work are - and extraction are figured, and detailed accounts of construction and amount
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‘féres (in the winter%;“where it can be moistened by a steam jet, if the difference

of the dry and wet*bulb be more than four or six degrees, and is then pro-
pelled along tho channels which distribute it to the hall. In summer, it is
cooled in the conduits by the evaporation of water.

At the Hopital Necker in Paris, and in many other places, the plan of Van
Hecke is in uge, A fan, worked by an engine, drives the air into small
chambers in the basement, where it is warmed by cockle stoves, and then
ascends into the rooms above, and passes out by outlet shafts constructed in
the walls, The system is effective and economical, though it is only just to
say that, the use of the fan excepted, it is precisely similar in principle to
Sylvester’s, Mr Phipson* states that 2:21b avoir. of coal, will renew 86,065
cubic feet of air.

Mr Bruncl introduced into the Hospital at Renkioi,.on Dardanelles, in the
Crimean war, a wheel of Desaguliers, at the entrance to each ward of fifty
men. It was worked by hand, and could throw 1000 cubic fect every minute
into the ward. Owing to the position of the Hospital, which permitied a
thorough perflation of air, the wheels were seldom used ; but in a still atmeo-
sphere, they would have been invaluable.  If small wheels of this kind could
be worked by hydraulic power, or in some cheap way, they might be used
economically to ventilate particular wards, even when a general system by
propulsion is not adopted.

In America, many of the larger establishinents are ventilated the same plan.
The Utica Asylum (N. Y.), is ventilatedt by a fan (14 feet diameter), worked
by a 12.horse steam engine.  The air taken at the basement, enters a chamber
filled with 80,000 feet of kteam piping ; and then, after being warmed, enters
the wards at the floors, and rises to the ceiling, where it escapes through
apertures,

In addition to the fan, other appliances have heen used.  Soon after Desa-
guliers proposed the fan, Dr Hales employed large bellows for the same purpose,
and they were used for sume time on hoard some men-of-war, and in various
buildings. They were worked by hand ; and probably this, and their faulty
construction, led to their being disused. Their use has been revived, and their
form modified and improved by Dr
Amott.? Dr Amott has shown ‘ ¥
that Ilales lost much power by '
foreing his air through small open-
ings ; and, by some ingenious altera-
tions, has made an eflective machine.
It is a large box or cylinder, in
which a piston works; openings
are made at the ends of sufficient i
sizo; oiled silk hangs over the £.AprINGS V |

. 4

{
i
|
/

upper openings on the insdle, and p-piston
on the lower openings on the outside v. valves
of the hox. These covers, therefore, Fig. 17

act as valves, and allow the air to
pass in one direction only; as the piston moves, air is driven through
the lower openings, on the side towards which the piston is moving; while

* Notice of Dr Van Hecke's system, by W, W. Phipson. Reprint from * London Medical
Review,"” 1862, }1 8
For this information, 1 have to thank my friend Dr C. W, Eddy.
“On the Smokeless Fireplace,” by Nell Amott, M.D., F.R.8,, &c, 1856, p. 162; and
in other publications. In the figurc all the valves are shown apen, but, during action, the top
valves on one side, and the bottom on the other, are alternately open or closed.
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frosh air enters at the same time, through the upper opcminfs at the opposite
end. The figure will show this clearly. A pump of 6 feét long, 4 feet wide,
made of deal boards, and filled with a piston made of board, can be made
in a few hours, and will deliver 96 cubic feet at every stroke, or 192 cubic
feet at each double stroke of the piston. If ten strokes only are made per
minute, nearly 2000 cubic feet of air could be driven out, and made te enter
any place. On board ship, this little apparatus has proved very useful.

Dr Arnott has also fitted up a gasometer pump, which was used in the
York County Hospital for some time ; it was worked by hydraulic pressure,
and the expenditure of 60 gallons of water in an hour drove through the
hospital 120,000 cubic feet of air, which would be enough for 60 patients if
2000 cubic foet per hour only were given. The air was warmed, if necessary,
by water leaves.* This plan was in use for some time, at the York Hospm?.l,
but was finally disused; probably because the apparatus, though excellent in
principle, was not quite large enough.  Dr Arnott has also proposed to cause
the two currents of air leaving and entering the rooms to pass close to each
other, being separated only by the thinest partition, in this way the heat of
the impure is taken up by the pure air.

The hydraulic-air pump, sometimes used in mines, is useful on a small
seale; a circular vessel having above a hole closed by a valve («) opening
outwards, works up amnd down in a vessel nearly
full of water, through which passex s tube into the
mine shaft.  This tube is closed above by a valve
(&) opening upwards.  When the cylinder moves
down, air is forced ont at (#); when it rises, air
" passes into it at (h), w be expelled through (a) at
the next descent.t

The punkah used in India is another mechani-
eal agent with o similar though more imperfoct
action.  When a punkah is pulled in a room open on
all sideg, it will force out a portion of air, the place
of which will he at once supplied by air rushing
in with greater or less rapidity from all points.
If the punkah can be moistened in any way, ita
eovling effect is considerable.  Captain Moorsomn
of the 52d regiment, some years ago proposed
an ingenious plan, which is given in the Indian
Sanitary Report. A whesl turned by a bullock at
once moves the punkah, and elevates water, which
then passes along the top of the punkah, and flows
down it.

The advantages of ventilation hy propulsion are
1 its certainty, and the %ease with which the amount

thrown in can be altered.  Tha stream of air can

Fig. 18. be taken from any point, and can, if necessary, be

washed by passing through a thin film of water, or

through a thin screen of moistened eotton, and ecan be warmed or cooled at

pleasure to any degree. In fact, the engincer can introduee into this opera-
tion the precision of modern science.

The disadvantages are the great cost, the chances of the engine breaking

PRS- e i 1 o 3o e o A b e b

® Water leaves (one of Dr Arnott’s ingenious contrivances) are thin, flat boxes made of sheet-
w.ywr, used instead of pipes ; the boxes are set side by side, like the leaves of n book, about
half an inch apart, and are connected b&;ubu, at the top and bottom, which pass to the boiler,
t Ure's Dictionary, 1860, vol. iii. p. 083,
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down, and some difficulties in distribution. If the air enter through small
openings, at a high velocity, it will make its way to the outlets without mix-
ing. ﬂe method requires, therefore, great attention in detail.

m%’ettenkofar has suggested that outlet openings are unnecessary ; that when
the air is driven in it will be sure to find its way out through doors and
windows, which are constantly open, and that a great cost may thus be saved.
This has not been put to experimental proof, and it would be undesirable to
run the risk of in any way obstructing the entrance of the air, as may be the
case if sufficient means of egress are not provided.

SECTION I1L.

RELATIVE VALUE OF NATURAL AND ARTIFICIAL
VENTILATION.

Circumstances differ so widely, that it is impossible to seleet one system in
preference to all others.  In temperute climates, in most cases, especially for
dwelling-houses, barracks, and hospitals, natural ventilation, with such powers
of extraction as can he got by utilizing the sources of warming and lighting, is
the best.  Wha, in faet, would not attempt to make use of these vast powers
of nature, which are ever ready to serve us?  Incessant movement of the air
is a law of nature. We have only to allow the air in our cities and dwell-
ings to take share in this constant change, and ventilation will go on uninter-
ruptedly without our aid.

In some circumstances, however, as in the tripies, with a stagnant and warm
air; and in temperate climates in certain buildings, where there are a great
number of small rooms, or where sudden assemblages of people take place, me-
chanical ventilation must be used. 8o much may be said both for the system
of extraction and propulsion under certain circumstances, that I think it is
imposgible to give an abstract preference to one over the other. This is
evident, indeed, from the fact, that quite contrary opinions have been arrived
at by equally competent men. Péclet, whose great authority no one can
donbt, says (De la Chaleur, t. iii. p. 63), ** Mechanical ventilation has then an
immense advantage over the ventilation of an extracting chimney " (cheminde
d'appel), and Grasgi, from a comparison of the two plans at the Lariboisitre
Hospital, unequivocally condemned the system of extraction as arranged by
Duvoir.  Yet, lately, General Morin, after a fresh inquiry into the whole sub-
joct, has as decidedly pronounced the system of propulsion to be everywhere
inferior to that by extmetion. He has also condemned the plan of Van
Hecke, which previously had been praised by Pettenkofer. In fact, it is
evident that the special conditions of the case must determine the choice,
and we must look more to the amount of air, and the method of distribu-
tion, than to the actual source of the moving power. But in either case
the greatest enginecring skill is necessary in the arrangement of tubes,
the supply of fresh air, &e. For hospitals, I cannot but believe natural
ventilation is the proper plan. (See Hosrirars.) The cost of the various
plans will depend entirely on circumstances ; the nature of the building ; the

rico of materials, coal, &e.  On the whole, the plans of ventilating and warm-
ing by hot-water pipes, and Van Hecke's plan, are cheaper than the method
hy propulsion by means of a large fan, but the latter gives us a method which
is more under engineering control, and is botter adapted for hot climates when
it is desired to cool the air, (See Banrracks 1x Hor CriMaTes.)



CHAPTER 1V.

EXAMINATION OF AIR AND OF THE SUFFICIENCY OF
VENTILATION.

The sufficiency of ventilation should be examined -—

lst, By determining the amount of cubic space assigned to each person, and
the amount of movement of the air, or in other words, the number of cubic
feet of fresh air, which each person receives per hour.

2d, By examining the air by the senses, and by chemical and mechanical
methods, so as to determine tho presence, and, if possible, the amounts of
suspended matters, organic vapour, earbonie acid, sulphuretted hydrogen, aml
watery vapour. .

SECTION L
MEASUREMENT OF CUBIC SPACE,

The three dimensions of length, breadth, and height are simply multiplied
into each other.  1f a room is square or oblong, with a flat ceiling, there is, of
course, no difticulty in dving this, but frequently rooms are of irvegular form,
with angles, projectiims, half-circles, or segments of circles. In such cases
the rules for the measurement of the area of circles, segments, trisngles, &c.,
must be used. By means of these, and by dividing the rovm into severul
parts, as it were, 8o a8 to measure first one and then another, no difficulty will
be felt.  After the room has been measured, recesses containing air should be
measured and added to the amount of cubic space, and on the other hand,
solid projections, and solid masses of furniture, cuphoards, &ec., must be mea-
sured, and their cubic contents (which take the place of air), deducted from
the cubic space already measured. The bedding also occupios a certain
smount of space; a soldier's hospital matiress, pillow, three blankets, one
coverlet, and two sheets will occupy about 10 cubic feet. I is seldom neces-
sary to make any deduction for tables, chairs, and iron bedsteads, or emall
boxes ; it is refinement to do this, or to reduce the tempetature of the air to
standard temperature, as is sometimes done.

A deduction must be made, however, for the bodies of persons living in the
room ; a man of avernge size takes the place of ahout 2} to 4 cubic feet of air
(say 3 for the average).

In lincar measurement, it is always convenient to measure in feet or
decimals of a foot, and not in feet and inches. If square inches are mea.

1, they may be tarned into feet by multiplying hy <007,
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Rurrs—Area or Superficies.

Area of cirele
Cz";'cumferé;m of oircle.,
Diameter of circle,
Area of ellipse, .

Cirewmforence of ellipse,
Area of rectangle,

Area of parallelogram,
Area of Trapezium,

[N RSP X
Fig. 20.
Area of trapezoid,
Fr—
| g
e
. Fig. 21.
Area of triangle,
’”
/// \\\
PO \\
< : ~ .
P AN & et + e v
PFig. 22.
Area of segment of circle,
/"/ "‘3—“. N“‘\\
/,' ; \\
l" PRV -.(........4!...'” H..‘._.....‘..k
Fig. 28.

::-.I"K

= ("2

‘7854,
x ‘08,

=C =31416.

il

i

#

Multiply the product of the
two diameters by 7854,

ters by 3-1416.

Multiply two sides.

Multiply a side by its per-
pendicular,

Multipy 4 sum of the two
perpendiculars by the dia-
gonal on which they fall ;

or

_ { Half sum of the two diame-

Divide into two triangles in
the most convenient man-
ner, calculate the areas,
and take the sum,

Take 3} the sum of the
parallel sides and multi-
ply by the distance be-
tween them,

Base x4 height, or
Height x § base.

To § of product of chord and
height add the cube of the
height divided by twice
the chord (Chx Hx §) +
(H22 = Ch),

or calculate by equidistant ordinates. Divide the base into any number of
even equidistant parts, and measure the height of each ordinate.
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Take sum of first and last ordinates,

all the even ordinates,

all the uneven ordinates,

{except the first and last).
A

A
B
¢

ow e

”
”

Add together,
& 4B

a0

and divide by 3. Multiply product by the common distance between the
ordinates.

Cubic Capacity of a Cube.—Multiply the three powers ; length, breadth,
and height.

Cubic Cupacity of a Cone.~—Area of base x } height,

Cubic Caparity of @ Cylinder.—Area of base x height,

Cubie Capacity of a Parallelopiped.—Multiply area of one side hy the
perpendicular let fall on-it. .

Cubir Capacity of a Dome,—Two-thirds of the product of the area of the
base wmultiplied by the height (area of buse x height x §).

Cubic Capacity of « Sphere.~—1)* x “H236.

The cubic capacity of a bell-tent may be taken as that of a cone.

The cubic capacity of an hospital marquee must be got by dividing the
marquee into several parts—1st, mto body ; and 2d, roof :—

1. Body, as a solid rectangle, with a half ¢ylinder at each end.
2. Roof, solid triangle, and two half cones.

The total number of cubic feet, with additions and deductions all made,
must then be divided by the number of persons living in the room ; the
result is the cubic space per heal.

SECTION 1.

MOVEMENT OF AIR IN THE ROOM.
The direction of movement must be fint determined, and then its rate.

Sr-SeeTIoN L—IIRECTION OF MOVEMENT.

First enumerate the various openings in the room-—doors, windows, chimney,
special openings, and tubes—and consider which is likely to be the direction
of movement, and whether there is a possibility of thorough movement
of the air.  Then, if it is not necessary to consider further any movement
through open doors or windows, close all these, and examine the movement
through tﬁ: other openings. This is best done by smoke disengaged from
smouldering cotton-velvet, and less perfectly by small balloons, light pieces of
paper, feathers, &c. The flame of a candle, which is often used, is only moved
by strong currents. It may be generally taken for granted that one-half the
openings in a room will admit fresh air, and half will be outlets. But this
is not invariable, a8 a strong outlet, like a chimney, may draw air through an
inlet of far greater arca than itself, or may draw it through a much smaller
area, with an increased rapidity. .

Sue-Secmion I1.—Rare or MovexexT.

The direction being known, it is only necessary to measure the lischarge
through the outlets, as a corresponding quantity of fresh air must enter.

By the Anemometer.—This is best done by an anemometer, of which there
are several in the market. The one commonly used is that invented by
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Combes in 1838 ; four little sails, driven by the wind, turn an axis with an
endless screw, which itself turns some small toothed wheels, which indicate
the number of revolutions of the axis, and consequently the space traversed
by the wings in a given time, say one minute, M. Neumann, of Paris, has
modified this anemometer by omitting most of the wheels, and introducing a
delicate watchmaker's spring, which opposes the force of the wind, and when
it equals it, brings tho sails to a stand-still. By a careful graduation (which
must be done for each instrument), the rate per second is determined, and is
indicated by a small dial and index.

Mr Casella, of Hatton Garden, has, at my suggestion, modified and improved
this instrument, and has adapted it to English measures. A very beautiful
instrument is thus available at a comparatively low price, by which the move-
ment of air can be measured very readily.

The anemometer is thus used :—DBeing set at the zero point, it is placed in
the current of air; if it is placed in o tube or shaft, it should be put well in,
but not quite in the centre, as the central veloeity is always greater than that
of the side ; a point about two-fifths from the sides of the tube will give the
mean velocity. As soon ax the sails stop rotating, the instrument is removed,
and the movement per seeond or per minute is given by the dial.  If this linear
discharge is multiplied by the section-area of the tube or opening (expressed
in feet or decimals of a foot), the cubic discharge is obtained. If the current
varies in intensity, the movement should be taken several times, and the mean
calculated ; and if the tube is 80 small that the sails approach closely to the
circumference, the results cannot be depended on.  If placed at the mouth of
4 tube, it often indicates a much feebler current than really exists in the tube.

The cubic discharge per second being known, the amount per hour is got
by multiplying by 3600, and this, divided by the number of men in the
room, gives the discharge per head for that particular aperture.

An anemometer on a larger seale is fixed in some of the large outlets of the
Paris hospitals, showing the movement at every moment by means of an index
and dial.*

By the Manineter—Dr Sanderson has made an ingenious alteration of a
manometer described by Péclet, which can also be employed to measure the
pressure, and by calculation the velocity, of the air.  The current of air is
allowed to impinge on a surface of water, and the height to which the water is
driven upa tube of known inclination and size gives at once a measure of foree,
But, as necessitating a little caleulation, this justrument is less useful than the
anemometer, though it is adapted for cases where the anemometer cannot be
used, as it may be connected by a long tube with a distant room, and probably
would be well fitted to measure constantly the velocity in an extraction shaft.

By Caleulation.—Supposing the external air is tranquil, and that the only
cause of movument is the unequal weights of the external colder and the in-
ternal warmer air, the amount of discharge may be approximately obtained by
the law of Montgoltier described in the chapter on Ventilation. There is a
fallacy, however, as the amount of friction can never be precisely known.
Still, as an approximation, and in the absence of an anemometer, the rule ix
useful ; and I have therefore calculated a table, as follows.

On testing this table, however, by the anemometer, 1 have found it give
too much when the tubes are long, on account of the great friction, and 1
would therefore advise the further detluction of §th when the shaft or tube is
long, and is at the same time of small diameter. ~1f the tube has many angles,
or is greatly curved, this table is too imperfect to be used.

® Péelet : De Ia Chalenr, ¢, i. p, 171, where the description will be found.
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TaBLE to show the Discharge of Air in lineur Jeet per minute. Cnlewlated from
Montgolfier's formula ; the expunsion of wir being taken us 0002 for each
degree Fahrenheit, and one-fourth being deducted for friction. (Round
wumbers have been talwn.)
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If the movement of the external air influences the movement in the room;
a8 when the wind blows through openings, caleulation is useless, and the ane-
'y mometer only can be depended on.

SECTION IIL
EXAMINATION OF THE AIR.

Sup-SectioN I.—By THE SENsES.

Many impurities are quite imperceptible to smell, but it so happens that
animal organic matters, whether arising in respiration or in disease, have, for
the most part, a peculiar foetid smell, which is very perceptible to those trained
to ohserve it when they enter a room from the open air.  This is, in fact, a most
delicate, a8 well as a ready way of detecting such foetid impurities, and, with a
little trouble, the sense of smell may be cultivated to the point of extreme
acuteness,  Only, it must be remembered, that in a short time the impression
is lost, and is not at once regained even in the open air.

As the evidence of thoe senses, however practically useful, is always liable to

be challenged, a more thorough examination of the air must in mwany cases be
made,

Sub-SecTiON IL—MicroscoPicAL AND C'HEMICAL EXAMINATION.

The points which can be easily examined at the present day are—

1. The existence and nature of suspended matters,

2. The amount of organic matter, as estimated hy permanganate of potash.

3. The amount of carbonic acid.

4. The amount of watery vapour.

5, The presence of amnonia and sulphuretted hydrogen.

1. Suspwnded Substances.—The aeroscope invented by Pouchet offers an easy
mode of examining the suspended matters in air.  Air is drawn, by means of
an aspirator, through a funnel, the end of which is brought to a fine point,
immediately below which is placed a slip of glass moistened with glycerine.
The end of the funnel and glass are enclosed in a little air-tight chamber, from
which a small glass tube passes up, and is connected by means of India-rubber
tubing with an aspirator.  An aspirator can be made for a few shillings ; a
square tin vessel with a tap below, and a small opening above to receive the
India-rubber tube, is all that is necessary. The capacity of the aspirator is
told by filling it with water, at a temperature of 62° Fahr., and then letting
the water run out into a measured vessel. If an ounce measure is used, the
number of ounces, multiplied by 1:733, will give the capacity in cubic inches,
and dividing by 1728, will bring the same into cubic feet. As the water
runs out the air can only pass into the aspirator through the funnel, and,
a8 it does so, any solid particles carried down with the current impinge on
and are arrested by the glycerine, and can be afterwards examined by the
microscope.

A still better plan is by drawing the air through a solution of pure water,
or permanganate of potash, or solution of magenta. All the solid particles are
rotained at the bottom of the vossel, and can be afterwards microscopically
examined, .

2. Organic Matter.—This can be determined as follows. A solution of per-
manganate of potash, which has been graduated with oxalic acid—in the
manner described in the chapter on the mode of determining the organic matter
in water—is taken, and diluted to such an extent as that 100 C.C. shall con-
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tain *00001 grammes of permanganate ; the air is drawn through this slowly
by an aspirator; the number of times the aspirator is emptied and filled being
known, the number of cubic feet drawn through the water is also known.
As the quantitative relations of the organic matter of air and permanganate of
potash are not yet accurately known, the result should be simply noted, that
‘00001 grammes of permanganate required so many cubic feet of air for com-
plete decolorization. The fallacy of this process is that tarry matters derived
from combustion act on the permanganate, and, it may be, other matters ; how-
ever, no other process has been yet proposed which is equal to it.

The air may also be drawn through tubes cooled by a freezing mixture ;
the water of the air and the organic matter condense together (Southwood
Smith).

3. (;arbom'c Acid.—For our purpose the method proposed by Pettenkofer is
the best. A vessel is taken capable of holding from half a gallon to 14 gallons.
The capacity is determined by filling it with water at 62° Fahr., and by
measuring the contents by means of a litre or ounce measure (1 oz =1:733
cubic inches). The vessel is thoroughly dried, and then filled with the air to
be examined, which is most readily done by pumping in the air with a bellows.
When this is done 45 C.C. of clear lime or baryta water are put in, and the
mouth is closed with an India-rubber cap. The vessel is agitated, so that the
lime-water may run over the sides, and then is left to stund for not less than
six or eight hours, and not more than twenty-four hours. The carbonie acid
is absorbed by the lime or barvta water, and consequently the causticity of
these fluids is, pro fanfo, lessened. 1If the causticity of the lime or baryta is
known before and after it has been placed in the vessel, the difference will
give the amount of lime or baryta which has become united with carbonie
acid.

The causticity of lime is determined by means of a solution of crystallized
oxalic acid. If 2-25 grammes of crystallized O (() + 3A4.) are dissolved in
1 litre of water, 1 C.C. will exactly neutralise 1 milligramme (‘001 gramme)
of lime ; 30 C.C. of lime-water are taken, and exactly neutralised ; good tur-
meric paper is the best plan for determining the exact point of neutralisation,
and the margin of the drop gives the most delicate indication. The amount
of lime in the 30 C.C. is then equal to the number of C.C. used ; it is always
somewhere between 34 and 39 milligrammes.

After the lime has absorbed the carbonic acid of the air in the vessel, 30 C.C.
of the solution are taken out, and neutralised by oxalic acid ; the difference be.
tween the first and second operations is increased by one-half (to account for the
15 C.C. left in the vessel, 45 being always put in to allow 30 1o be taken out).
This gives the amount of lime which has combined with carbonie scid, and
the amount of the latter is known by simply calculating according to the
atomic weights, or by multiplying by -39521. The capacity of the vessel
being known, the amount of (10, is caleulated for 1000 volumes by simple
rule of three. From the capacity 45 C.C. must be deducted, to account for
the lime-water put in.

A correction must be also made for temperature. The standard temperature
being 62°; if the air of the room which is examined be below this, the quan-
tity of air actually acted upon will necessarily be greater from condensation, than
would have been the case had the air been warmer, and conversely, if the
temperature be higher than 62°, a less quantity of air must have been operated
0;1 ggg.n would have been the case had the air been at the lower temperature
of 62°,

This error is corrected by multiplying ‘0020361 (the co-efficient of expan-
sion of air for 1° Fahr.), by the difference between 82“ and the observed tem-
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perature, and then by the capacity of the veasel, and adding the product to
the capacity if the temperature be below 62°, and subtracting it if it be
above 62°,

A correction for pressure is not necessary, unless the place of observation be
much removed from sea-level ; in that case, the barometer must be observed,
and a rule of three stated. 1 heigh

As standard height | observed height | . .
of bar.(= 30 i ) of bar. tiocapacity o x.
Baryta water may be used instead of lime-water.

4. Walery Vapour.—The hygrometric condition of the air is known in
various ways, especially by the dry and wet bulbs, as explained in the chapter
on Meteorology. The hair hygrometer is an extremely useful instrument for
this purpose, as it marks the degree of humidity much more guickly than the
dry or wet bulbs, and can be used to give rapidly the different degrees of
humidity in parts of the same room.

5. Ammonia is determined by Nessler's test (see chapter on WaTER); a
known quantity of air is drawn through by the aspirator, and the weight of
the precipitate determined ; then by rule of three:

As 559 : 17 : ¢ weight of process : x.

The mere presence of ammonia may be also detected by logwood paper.
Tincture of logwood is evaporated to dryness, and the residue dissolved in
ether. Strips of filtering paper are soaked in it ; ammonia gives a brownish
colour.

Sulphuretted hydrogen is detected by drawing the air through a weak
solution of nitro prusside of sodium (see chapter on WaTER), or by exposing
strips of blotting paper dipped in a solution of subacetate of lead.

SECTION 1IV.
SCHEME FOR THE APPLICATION OF THE FOREGOING RULES,

The ventilation of a certain room being about to be examined, enter it after
being at least 15 minutes in the open air, and notice if there is any smell.
Measure the cubic space, then consider the possible sources of entrance and
exit of air; if there are only doors and windows, notice the distance between
theny, how they open, on what external pluce they open; whether there is
free passage of air from side to side ; whether it is likely the air will be pro-
perly distributed. On all these points an opinion is soon arrived at. If
there are other openings, measure them all carefully, so as to get their super-
ficies ; the chimney must be measured at its throat or smallest part.  Deter-
mine then the direction of movement of air through these openings by smoke,
noting the apparent rapidity. The doors and windows should bo closed.
When the inlets have been discovered, consider whether the air is drawn
from a pure external source, and whether shere is proper distribution in the
room. Then measure the amount of movement in the outlets with an ane-
mometer, or calculate by the table if it seems safe to do sa.

If the ventilation of the room is influenced by the wind, the horizontal
movement of the oxternal air should be determined by Robinson’s anemometer,
which is now supplied to many military stations.

Then proceed to the microscopical and chemical examination, if this is
considered desirable, as it will frequently be.

12



CHAPTER V.
FOOD.

SECTION L.
GENERAL PRINCIPLES OF DIET.

Tug doetrines held at present by most physiologists on the subject of diet®
may be expressed in the bricfest way, as follows :—

Following the original deduction of Prout, it is believed, that for perfect
nutrition, certain quantities of four great classes of aliments must be taken, viz.:—

1. Nitrogenous substances or albuminates (including albumen, fibrin, easein,
ha:matoglobulin, legumen, gluten, &ec.), which all contain also sulphur and
phosphorus.

2. Fatty substances (including all animal and vegetable oils).

3. Carbo-hydrates (including all starches, sugar, peetin, and allied sub-
stances ; and,

4, Salts (potash, soda, magnesia, lime, iron, chlorine, phosphoric aeid,
fluorine, and water),

Three of these classes are indispensable, viz., albuminates, fut, and salts,
with water, and, as Ludwig remarks, the carbohydrates are sought after so
eagerly, and are so univemally taken, that (independent of physiological con-
siderations), it is highly probable no diet can be considered perfect without them.

These classes are not convertible ; fat and starch serve different purposes,
and must not be confounded, or classed together under such heads as earboni-
ferous or respiratory. In addition to these four great classes, there are a
number of so-called accessory fouds or condiments which are non-essential,
but are useful in giving flavour, and aiding digestion.

1. The albuminates nourish all the tissues which give rise to mechanical
force of any kind, and, probably, also those connected with mental action.
The mechanical force evinced by the human machine (either in carrying on
ts internal movements, or in acting on external objects) is probably propor-
tioned to the amount of albuminates which can be digested, absorbed, and
properly applied in nutrition. The means of increasing force by augmmenting
the absolute supply of albuminates, 7.6, of increasing digestive power in the
stomach and intestines, formative power in the nitrogenous tissues, and
eliminating processes in the after stages, is one of the highest problems in
physiology. All the three parts of the process have to be balanced, so that
one shall equal the other, otherwise health is destroyed. It is only when

# 1 need bandly ':-ﬁ;tm s treatise on hygiene should not be one on diet ; bygiene is only the

mﬁxm&;ﬁﬂw the y l;ﬂ of dim :l?:t lmvame&t mlt‘le preservation of health. But Ihave
o a little more would otherwise be necesmary, boo

are not msihlgom army medieal officers, » 8% sy books
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the great processes of digestion, respiration, and elimination are in proper co-
relation that we have the highest development of force which the individual
can meanifest. Digestion may be imperfect, or, being perfect, the tissues
may not be able to apply the material, or, applying it, the disintegrating pro-
cesses may be insufficient. Hence, we may have half-digested food in the
stomach and intestines producing irritation ;* or an excess of albuminous
maiters, which the tissues cannot appropriate in the blood, or imperfectly
oxidized products of disintegration, falling short of the two substances which
are the normal ends of disintegration, urca, and carbonic acid. And there can be
no doubt that many of the diseases which receive no, or an imperfect, nosological
name are of this description. The means of increaging the proper adaptation
of albuminates must be chiefly sought by increasing the amount of the other
substances which form parts of the nitrogenous tissues, especially fats and some
salts, und principally by increasing the supply of oxygen + by exercise, which
augments, at the same time, absorption of oxygen, elimination of carbon, and,
in a less degree, of nitrogen, and the circulation of the blood.  Or, indirectly,
it may be obtained by lessening the supply of starches, which appropriate the
oxygen, and thereby, to some extent, save the albuminous tissues and the fats
from disintegration.

The lessening of the supply of albuminates leads to a decline of force;
and if the supply is entirely cut off, the decline is very rapid. 1t affects the
muscular system first and chiefly (both the voluntary and involuntary, in-
cluding the heart), and, at a much later date, the mental powers.  This result
may, to a certain extent, be delayed by an inerease in the supply of fats and
starches, which, by absorbing oxygen, limit the disintegration ; of course, by
perfect rest, the loss of nitrogenous substances may also be delayed, so that,
if, under uny circumstances, the supply of nitrogenous substance falls short,
the structure of the body may be kept in a healthy state for a longer time
than would otherwise be the case, by a large supply of non-nitrogenous sub-
stances, and by rest.  And these principles can be applied in treatment, so
that the albuminous tissues can he, to a certain extent, bronght under our
control by a judicious adaptation of diet and exercise alone, without the em-
ployment of drugs.  The use of drugs, however, is a point of the greatest in-
terest and importance, especially in aiding the two ends of the seale—primary
digestion and elimination, Cemt G A NG e RADUR

The nitrogenous aliments also contribute to animal heat directly, by oxida-
tion, after they have formed parts of tissues; and probably not before, as, so far,
analyses do not show any higher oxidation of muscular and nervous substances
over bloud, albumen, or the alimentary principles.  The amount of oxidation is
not, however, great ; aud, it is usually supposed, that it nitrogenous substances
are given alone, a much larger supply must be taken to supply animal heat.

2. The fatty aliments are, like the nitrogenous, both plastic and heat-giving.
They are essential to the formation of both muscular and nervons tissues, espe-
cially the latter ; and it is remarkable how much carbonic acid, derived, it is
helieved, principally from fat, is given off during muscular setion.  Like the
nitrogenous substancos, they are essential to the production of mechanical foree,
and it is curious to observe how intimately connected the nitrogenous and fatty
substances are in many of the foods which have come into most general use.

When' it is wished to augment” mechanical foree, the fats must be aug-

® The farces then contain a arge amount of nitrogen,  This is more comman after vegetable
than animal albuminates, as the Istter accs more casily digested, though, even in the dog,
there in a Emit.
There are three factors in nutrition, viz., the tissne which attracts the albuminate: the
albuminate itaelf carried in the blood to the tissne ; and the nxygen which, by removing the
used matorial, enables the tissue to renovate itsolf by attracting more nutritive sapply.
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mented like the albuminates. Their digestion and absorption is not so diffi-
cult as in the case of the nitrogenous substances, and their elimination is
easier, since, if not got rid of by the formation of carbonic acid, they are
stored up in the body, and form a collection for future use. The animal fats
appear easier of absorption than the vegetable. During their digestion, they
are, probably, in part decomposed, and the fatty acids, like the acids derived
from the starch, must, to a certain extent, antagonise the introduction of
alkali in the food. The relative proportion of fat to albuminates in the bost
diet (viz., that which is most easily digested, and, at the same time, produces
the greatest mechanical force), appears to be as 1 to 2, or as 1} to 2.

3. The starches and sugars are supposed to be entirely heat-giving, and not
formative (respiratory, and not plastic); but so great is the obscurity of this
part of physiology, that it is impossible to be quite certain of this. It seems
undoubted, that they arc more casily attacked by oxygen than either the albu-
minates or the futs ; and therefore that they save these constituents from too
rapid disintegration. Whether the starches actually form fat in the human
body is still doubtful.* By a judicious employment of their use, the elimin-
ation, and perhaps the formation, of the albuminates and fatty tissues can be
modified ; and it is evident that this principle will enter largely into the
treatment of disease.+

In addition to respiratory action, it is probable that the singular alternation
of acid and alkaline fluids in the body, which arises from the constant intro-
duction of an excess of alkali in the food, and the constant production of acid
from the food, is probably especially connected with the metamorphosis of
starch, which causes the production of lactic acid. Lactic acid, in the presence
of albumen and certain salts, secms to have the power of decomposing even
stronger acids than itself; then being absorbed from the place where it has
aided in setting free some potent acid, and carried away, the lactate of the
alkali is decomposed, a carbonate is formed, aud the alkalinity of the body is
again restored. The exact amount of acid produced in the body with and
without starch has not, 1 believe, been at present determined.

If the starch fouds thus greatly influence the acidity of the body, we can
perceive another reason why they should enter into the composition of a
perfect diet. Their relative amount to nitrogenous substances in the best
diets, is as 2} or 3} to 1.

4. The salts and water are as essential as the nitrogenous substances. Lime,
chiefly in the form of phosphate, is absent from no tissue ; and there is some
reason to think no cell growth can gn on without it ; certainly in morbid
growths which are overgrown, and in rapidly growing cells, it is in large amount.

‘Whether magnesia is equally important for cell growth and tissue life is
less certain.  Both lime and magnesia are essential for bone growth and re
pair; and there can be little doult that the judicious ahstraction or employ-
ment of these will form an important part in the treatment of bone discases,

Potash and soda, in the forms of phosphates and chlorides, are equally im-
portant, and would seem to be especially concerned in the molecular currents;
forming parts of almost all tissues, they are less fixed, so to spoak, than the
magnesian and lime salts. It is also now certain, that the two alkalies do
not replace each other, and have a different distribution; and it is so far
observable, that the potash seems to be the alkali for the formed tissues, such
as the blood cells, or muscular fibre ; while the soda salts are more ly
contained in the intercellular fluids which bathe or encircle the tissues. .

‘i bi; lant edition, Ladwig seems to aduit that they will form tat.—Phys, des
+ This has l;mg heen known, and 1o snme extent, practically



“ THE FOOD OF THE SOLDIER. 135

employment of those two alkalies in medicine is great, and will no doult be
besed hereafter on more certain principles that we now possess.

The chlorine and phosphoric acid have also very peculiar properties; the
former apparently being easily set free, and then giving a very strong acid,
which has a special action on albuminates, and the latter having remarkable
combining proportions with alkalies. Both are furnished in almost all food ;
the chlorides of sodium also separately. Carbonic acid is both introduced and
made in the system, and probably serves many uses. Iron is of course also
essential for certain tissues, and in small quantity is found almost in every
tissue, and in every food. The sulphur and phosphorus of the tissues appear
to enter especially us such with the albuminates, '

Some salts, especially those which form carbonates in the system, such as
the lactates, tartrates, citrates, and acetates, give the alkalinity to the system-
which seems so necessary to the integrity of the molecular currents. The
state of malnutrition, which in its highest degree we call scurvy, appears to
follow inevitably on their absence; and as they exist chiefly in fresh vege-
tables, it is & well-known rule of dietetics to supply these with great care,
though their nutritive power otherwise is small.

Such, then, being the general principles of diet, the points to be considered
in a complete treatise on hygiene, would he—

1. The quantity of the different classes required for persons of different
sexes and ages, during and after the period of growth and pregnancy, and
under all ordinary conditions of life and climate.

2. The determination of the best articles of food in each class, and the
quality of those substances; and whether or not they are fit for food, and are
in any way altered or falsitied.

3. Their digestibility and best mode of cooking, so that they may be supplied
in the best form.

Digestibility depends on hulk, cohesion, due admixture, and variety. Cook-
ing is intended especially to lessen cohesion, and to soften tissues, so that they
may be broken up ; and to add flavour, which may aid appetite and digestion.

‘When thess things have been determined, all other points depend on the
person taking the food. Ho can aid nutrition by proper mastication, and by
such habits and customs as are known to have a good effect on the changes
of tissue,

The object of this work prevents so large a treatment of this subject, and I
must therefore consider only those substances which form part of the food of
the soldier ; but as far as is possible, I shall do it in the above order.

SECTION IL
THE FOOD OF THE SOLDIER.—ARMY REGULATIONS.

The Army Medical Regulations place the food both of the healthy and sick
soldier under the control of the medieal officer.  He is directed to ascertain
that the rations of the healthy men are good, and that the cooking is properly
performed (Regulations, pp. 29, 30, 42, 51, 79) ; the amount of food for the
sick is expressly fixed (p. 59). On taking the field, the principal medical
officer is ordered to advise on the subject of rations, as well as on all other
points affecting the health of the troops. It will thus be seen that a great
responsibility has been thrown on the Medical Department, and that its
members will be called upon to give opinions on the quantity of all kinds of
food supplied to soldiers ; the composition of diet ; on the quality and adul-
teration of the different articles ; and on their cooking and preparation.
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QuaNTITY AND CoMPOSITION OF Foop For HeaLTHY MEN oF THE SOLDIERS'
Agk (20 1o 40).

Although it is not possible to-determine d priori in any particular person
how much food is sufticient for complete manifestation of his possible power,
it is of importance to fix the average amount, as in the Army and Navy fixed
quantities of food, or rations, must evidently be issued ; and their sufficiency
or otherwise can only be known by reference to average quantities, In differ-
ent cases the amount of food required varies according to—1. Activity of the
bodily and mental functions ; 2. The digestibility of the food ; 3. The size of
the body, though this is probably a matter of less moment; 4. The composi-
tion of the body, whether chiefly bony, muscular, or fatty.

In fixing the amount of a ration for a large body of men, it should satisfy
the majority, and should err on the side of excess rather than defect. More
evils result from under than over feeding.  Even with a liberal ration there will
always be found in a regiment of 1000 strong some for whom it is insufficient.

A man of average size and activity will, under ordinary conditions of mode-
rate work, take in twenty-four hours from glgth to gyth of his own weight in
solid and liquid food. In this country he will take about 40 vunces (i.e. with
an average range of from 34 to 46 ounces) of soalled solid food (bread, meat,
&c.), and from 50 to 80 ounces of water, making in all from 80 to 120 ounces
by weight of ingesta* The mtio of the so<called solid to the liquid food
varies greatly. In most casesitis 1 to 2, but in some only 1 to 1. Great
bodily activity renders necessary an increase in the solid, but seewns to require
a less increase in the liquid food.

The so-called solid fowd contains a certain percentage of water ; if we elimi-
nate this, and consider only the anhydrous or water-free food, we find the
amount in twenty-four hours to be on an average for healthy men from 19 to
25 ounces. Putting the case in this way, the average amount is then—

Water-free food, . . . . 22 to 23 ounces.
Water, . . . 60 to 90

The relative amount of the water-free food to water is usually as 1 to 4 or
as 1 to 5.

Assuming the average to be 23 water-free ounces daily, and the mean
weight to be 150 Ihs., the body receives y3gth of its own weight in water-free
solids. The range in different persons is from gyth to yiyth of the body
weight. Each pound weight of the body receives about 015 ounces (range
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