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PREFACE TO THE FOURTH EDITION

Iy compliance with requests made to me that I should put this
edition in a form adapted for Civil Medical Officers of Health, I
have not only re-written many chapters, as well as carefully revised
all, but I have transferred the purely military part to the Second
Book. In this way, without taking away the special character of
the work, I have endeavoured to meet the desires expressed to me.

Although much new matter has been added, and some parts of
the book have been greatly enlarged, I have exceeded the size of the
last edition only by thirty-two pages, and though I have been obliged
to sacrifice something to keep the size so nearly the same, I hope
nothing material has been omitted.

I bhave thought it undesirable to occupy space by giving an
abstract of the Sanitary Laws, as this is better done in special
treatises, and as considerable changes may be made within a short
period. The useful “ Digest of Urban Sanitary Laws,” lately
published by the Local Government Board, also renders any legal
details less necessary.

It is becoming every year more ditlicult, on account of | space, to
give the evidence on various questions connected with the causes
and prevention of disease; I have therefore ventured to refer in
many cases for fuller details of evidence to my Annual Reports on
Hygiene, which have been published in the Army Medical Depart-
ment Reports for the last twelve yeanrs.

Ju~e 1873.
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PREFACE TO THE FIRST EDITION.

\

Toe 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 xmerely with the care of the sick, though he had naturally
been frequently consulted on the preservation of health and the
prevention of disease. But the Regulations of 1859 gave him an
official position in this direction, as he is ordered “to advise com-
manding 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 cfficiently, 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 medi-
cal officers entering the army.

This work is an attempt to carry out the wishes of the Commis-
sioners as regards sanitary science, by providing a text-book of
Hygiene, illustrated 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. I 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

* * Regulations for the Duties of Inspectors-General and Deputy-Inspectors-
General, and for the Duties of Staff and Regimental Medical Officers, &ec.,” 1859.
This work is also termed, for shortness, ¢ Medical Regulations.” b
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one sex, a certain age, and a particular trade; but as the general
principles of 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
convenient 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 I have thought constantly
on what would be useful to army surgeons, who are often far from
all books, or possibility of reference. So that, in some parts, I 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
required 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 considera-
tion, I have adopted the French weights and measures, as being more
convenient for volumetric 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. I have made the chemical directions as
simple as possible, and have thought it best to use the old equiva-
lents 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.

* In the later editions the new notation was adopted.
+ This plate has been left out of the two last editions.
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CORRECTIONS AND ADDITIONS.

Page 35—Dr Macnamara’s charcoal syphon filter, referred to in line 8,
has now been ordered for general use in the Bengal Presidency.

Page 181—Amount of nitrogen in meat—At page 181 (footnote) I have
noticed the discussion .on the amount of nitrogen in flesh. Since this was
printed Seegen and Nowak have published some more experiments,* in
which the amount of nitrogen given by soda-lime was inferior to that given
by oxide of copper combustion. The substances experimented upon were
serum-albumen, caseine, blood-fibrin, muscle-syntonin, gluten from wheat
flour, and legumin flour.

The results were, that the soda-lime combustion gave always less nitrogen
than the copper combustion ; in the case of albumen it was 34 to 35 per
cent. less ; in the ease of fibrin only 7 to 1°1 per cent.; as a rule, the mean
difference for most of these albuminous substances was 1-5 per cent. less.
The samples of meat give from 1'7 to 26 per cent. less by soda-lime. If sugar
is added to the substance a greater quantity of nitrogen is produced in
soda-lime combustion, but the whole is still not obtained. These experiments
show that the question must be considered still unsettled.

Page 22T—Relation of Alumina to Alum—T7The relation of alumina to crys-
tallised potash alum (A1K(S0,),'12 H,0) is 1 to 9-21, and not 9-4, as stated
in the text. As ammonia alum (NH,AI(SO,), ‘12 H,0) has now almost
entirely superseded potash alum commercially, it would be.well to. consider
the adulteration to be crystallised ammonia alum, the relation of alumina to
which is 1 to 88.

Page 227—Alum in Flour—Wanklyn has lately given the following pro-
cess for alum in flour :—

Take 100 grammes of flour, incinerate, moisten with ‘5 C.C. sulphuric
acid ; heat until the sulphuric acid begins to volatilise, whereby the silica is

“rendered insoluble. Allow to cool, dilute with a little water, and filter ; the
filtrate is treated with 1} grammes of pure caustic potash, which renders it
alkaline, and redissolves the alumina. The solution is then filtered, and the
filtrate treated with 1} grammes of chloride of ammonium, and boiled and
allowed to stand, whereupon the alumina is precipitated as phosphate, which
can then be got on a filter, washed, ignited, and weighed.

The using weighed quantities of reagents and avoiding dilution are ad-
vantages, especially by insuring that the amount of alumina in the reagents
is kept at a very small quantity.

Page 305—Ground Water—In confirmation of what is stated as the usual
direction of the ground water, it has been lately shown by Virchow (Reini-
gung und Entwisserung, Berlins, 1873) that the well water near the Spree
is higher (in one case 5 feet) than the river; the ground water is not de-
rived from the river, but flows towards it (p. 31), and is influenced by it
only as it finds a ready or obstructed entrance on account of the varying
amount of water in the Spree. The height of the Spree, therefore, cannot
give a correct measure of the height of water in neighbouring wells, though
the ground water is influenced by the river allowing it to run off or holding
it back. The movement of the ground water appears to be extremely slight
in Berlin ; in fact, in some parts it is almost stagnant. There are two
soils at Berlin, alluvial and diluvial, which furnish ground water of different
composition ; Virchow, therefore, terms the water of the diluvial or lower
stratum the “ Underground water” (Untergrundwasser), but this termn does
not appear a very good one.

* Zeitsch. fiir die ges. Phys., band vii. p. 284.



Xviii CORRECTIONS AND ADDITIONS.

Page 336—Remoral of Excreta—Since the chapter on Removal of Excreta
was in print, the “ Fourth Report of the Committee of the British Associa-
tion on the Treatment and Utilization of Sewage”* has been published, and
contains numerous valuable analyses by Dr Russell. I need only notice the
following processes :—

1. Messrs Weare's process of charcoal filtration as carried on at the Stoke
Unrion  Worklouse.—The sewage from water troughs is filtered through
successive chambers of vegetable or peat charcoal ; the analyses show a con-
siderable purifying effect, the ammonia being reduced from 24-01 parts per
100,000 to 2:15, and the organic nitrogen from 494 to ‘63 ; the suspended
matters were entirely removed, and the dissulved salids reduced from 1638
to 689 per 100,000. The effluent water had still, however, a strong smell of
sewage ; there was no oxidation into nitrates or nitrites.

2. General Scott's cement process at Ealing (sce page 354).—The com-
mittee gives analyses which show that the suspended matters are precipitated
very completely by General Scott's process; the eflluent water contained
rather more than grds of the chlorineand §ths of the dissolved nitrogen ; the
ammonia was reduced to one quarter, but the ¢ organic nitrogen” was nearly
doubled. Some oxidation into nitrates had taken place, the eflluent water
was therefore valuable as an irrigator.

3. Wihitthread's patent (precipitation by dicaleic and monocalcic phosphate,
see page 353) was found to give good results in removing suspended matters
and “organic nitrogen,” and the committee consider the process deserves
¢ further investigation.”

4. Dry earth system.—The committee gives the following analyses by Dr
Gilbert :—

Before 'y . 'Used three
use. { Used once. Used twice, ™"y oo

Percentage of nitrogen in soil dried at 212°. 073 240 383 ‘446

The committee repeat, therefore, that “such a manure, even if disposed of
free of charge, would bear carriage only to a short distance.”

5. Merthyr-Tydfil Sewage Farm (see page 354).—7The ordinary flow of
dry weather sewage was found to be 650 gallons per minute, and the outflow
1425 gallons per minute, chiefly from the influence of percolation from the
neighbouring river; the suspended matters were removed ; the ammonia and
the nitrogenous matters in solution were almost completely oxidised into
nitrates and nitrites; the sewage, therefore, was “satisfactorily purified.”

6. Breton's farm near Romford.—A great number of analyses of the sewage
and effluent water, and determinations of the amount of nitrogen taken up by
the crops, are given in this part of the report. The general results were that
“less than 11 per cent. of the total nitrogen in the sewage escaped in the
effluent water, and of that only a fractional percentage in an organic form, and
upwards of 40 per cent. was actually recovered in the crops grown on the land.”
There was thus, therefore, very satisfactory puritication and utilisation as well.
b }-’age 345, line 2—jfur ““ the pipe should not be” read “ the pipe should

e.”
Page 353, line 11—for “ Whitehead ” rend * Whitthread.”
Page 355—footnote—last line but one—for “editors” reud * 2d edition.”
Page 367, line 18—for “In 1859 read “In 1869.”
Page 373, line 14— for “ page 369 for the Air Purifiers” read “ pago 128.”

* Published by Taylor and Francis, Red Lion Court, 1873,




INTRODUCTION.

HycieNE 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 earliest times, Before Hippocrates
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 wers carefully
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 by it; at least, he is
extremely 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 igno-
rance of chemistry prevented any great advance in this direction. Hippocrates
summed 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 was 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 Hiprocrates, was the first to introduce medicinal
aymnastics for the improvement of health and the cure of disease ; though gymmnastics in train-
ing for war had been used long before. Plutarch says of him, that labouring under a decay
which he knew could not be perfectly cured, he was the first who blended the gymnastic art
with physic, in such a manner as protracted to old age his own life, and the lives of others
aftlicted with the same disease. He was censured by Plato for keeping alive persons with crazy
constitutions,—Mackenzie on Health.

+ This title originated in a sentence of Galen, and was introduced into use by the jargon of
the Peripatetic school. It was employed in all treatises on hygiene for probably nearly 1500
years.

+ It was when chemistry was being rudely studied by the alchemists that an entirely different
school of hygiene arose. The discovery of chemical agents, and the great effect they produce
on the body, led to the notion that they could in some way aid the forces of life, and insure a
prolonged, if not an eternal youth, and a life of ages, instead of one of years, This belief, the
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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 its empirical
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 this new light. It is now gradually becoming an art
based on the science of physiology, with whose progress its future is identified.

But the art of hygiene has at present still another ohject. 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 discase 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 in-
fluenced 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 appli-
cation adequate, we should see the human being 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 out of his Maker’s hands, in
whose divine image, we are told, he was in the beginning made.

But is such a systemn possible?

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 balsam of life,” there
are also still enthusiasts who search the mystic tomes of the alchemists or the Rosicrucians, 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, hiable to coustant waste, and to eventual expenditure. If some agent could be found
to arrest the waste, to crystallise, as it were, the tissues in their full growth and vigour, decay,
it was couceived, 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 be wrong
in every point. The constant decay the alchemists sought to check is life itself, for life is but
incessant change, and what we call decay is only a metamorphosis of force. To arrest the
changes in the body for one single moment would 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,
either by better preparing food for tEe purposes of nutrition, or by removing or preventing
those chiemical changes in the tissues which we call decay. But at preseut, certainly, no rules
can be laid down for the use of drugs in hygiene, except in that debateable land which lies
between hygiene and the practice of medicine, that is, in that uncertain region which we do
not like to call disease, and yet which is not health.

* Physiology and pathology are, in fact, cne: normal and abnormal life, regular and irregular
growth and decay, must be studied together. just as, in fact, human physiology is imperfect
without the study of all the other forms of life, animal and vegetable, which are in the world.
Scparated for convenience, these various studies will tinally converge.
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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
we look around us and consider the condition of the world—the abundance
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 perversion and alienations; and when, espe-
cially, we note the condition of the human race, and consider what it appa-
rently 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 endurance or
undying faith, who can still believe that out of this chaos order can come, or
out of this suffering happiness and health.

In the scheme of Providence it may not be meant that man shall be
bealthy. Diseascs of mind and of body may be the cross he has to bear; or
it may be the evil azainst which he has to struggle, and whose shackles he is
finally to unloose. The last disease will disappear, we may Dbelieve, only
when man is perfect ; and as in the presence of the Saviour all discase was
healed, so, 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 knowledge 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
bealth 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. Dut 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 (different 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, doubtless, in consequence of some
chemical changes, molecular feebleness and death commence in some part or
other, forerunning general decay and death.

# First expressly noted by Galen.
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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 acts; the soil which he moves on, and the
sun which warms and lights him, &c.; in fact, in relation to nature at large.

2d, In his social and corporate relations, as a member of a community with
certain customs, trades, conditions of dwellings, clothing, &ec.; subjected to
social and political influences, sexual relations, &ec.

3¢, In his capacity as 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. DBut would it be followed?

In some cases the rules of hygiene could not be followed, however much
the individual might desire to do so. 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 pre-
vent 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 pos-
sible, 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 frecdom of personal action. This, however, is not likely, as long as the
State acts cautiously, and only on well-assured scientitic grounds, and as long
as an unshackled Press discusses with freedom every step.®

* A watehful care over the health of the people, and a due regulation of matters which con-
cern their health, is certainly one of the most important functious of Government. The fact
that, in modern times, the subject of hygiene generally, and State Medicine in particular, has
commenced to attract so much the public attention, is undoubteaiy owing to the application of
statistics to public health. It is impossible for auy nation, or for any Government, to remain
indifferent when, in fizures which admit of no denial, the national amount of health and happi-
ness, or disease and suffering, is determined.  The early Statistical Reports of the Army by
Tulloch, Marshall, and Balfour, directed attention to the importance of this matter. The
estabiishment of the Registrar-General's office in 1838, and the commencement of the system of
accurately recording births and deaths, will hereafter Le 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 oflicial posi-
tion for the public good, and to his able coadjutors, especially to him to whose sagacity the
chief fruits of the inquiry are due, to William Farr.

Another action of the Government in our day was scarcely less important. It is impossible
to overrate the value of the Government Inquiry into the Health of Towns, and of the country
generally. commenced more than a quarter of a century ago by Edwin Chadwick, Southwood
Smiith, Neil Arnott, Sutherland, Guy, Toynbee, and others, and which has, in fact, been continued
ever since, and is now vigorously carried on by the ofticial successor of these pioneers, the medi-
cal ofticer to the Privy Council, Mr Simon.  Consequent on this movement came the appoint-
ment of medical ofticers of health to the different towns and parishes. The reports published
by many of these gentlemen (Letheby, Dundas Thomson, Buchanan, Lankester, Hillier, Bal-
lard, and many others) have greatly advanced the subject, and have done much to diffuse a
knowledge of hygiene among the people, and at the saie time to extend and render precise our
knowledge of the conditions of national health. When the effect of all these researcLes and
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There are, however, some cases in which the State cannot easily interfere,
though the individual may be placed under unfavourable hygienic conditions
by the action of others. For example, in many trades, the employed are sub-
jected to danger from the carelessness, or avarice, or ignorance of the em-
ployers. Every year the State is, however, very properly more and more
interposing and shielding the workman against the dangers which an ignorant
or careless master brings on him.

But in other cases the State can hardly interpose with ‘effect; and the
growth of sanitary knowledge, and the pressure of public opinion, alone can
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 is unhappily no lack of 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 indicate the course which is one of the foremost rules of religion,
viz., that we should do for our neighbours as for ourselves. Analyse also 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, reckless-
ness, and indifference produced in the persons who suffer, and which may
have a disastrous national result. It is but too commonly forgotten that
the whole nation is interested in the proper treatment of every one of its
members, and in its own interest has a right to see that the relations between
individuals are not such as in any way to injure the well-being of the com-
munity at large.

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
hygenic rules which other men possess, and is therefore bound by every
principle of honest and fair contract to sec 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

measures develops itself, it will be seen that even great wars and political earthquakes are really
nothing in comparison with these silent social changes.  Even now legislation, though fragmen-
tary and in some respects contradictory, is beginning to exert a deep intluence. In the last
few vears several important Acts have been passed, viz., the Sanitary Act (7th August 1868),
and the Amended Sanitary Act (July 1863); the Public Health (Scotland) Act (August 1867);
the Act for providing better Dwellings for Artisans and Labourers (July 1568), and the former
Acts on the same subject in 1866 and 1867 ; the Sewage Utilisation Act (August 1867). The
Public Health Act of 1872 has advanced the subject another stage, and though some dissatis-
fartion has been expressed at its mode of working, there seems little doubt that its ultimate
effect will be far deeper and more useful than appears at first sight. Legislation, and action
hased on legislation, can only proceed slowly, and we must be satistied if there be a continual
ardvance, though it may not be so rapid as some desire.
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all ways as disease, and that nothing is so remunerative as the outlay 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.

This book has been written to assist in carrying out one of Lord Herbert's
plans, and in accordance with his wish, and with that of Lord De Grey, his
friend, coadjutor, and successor.

It has, thercfore, 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
chief examples from the soldier's life, it is a work on Army sanitation, it yet
includes the general principles of hygiene applicable to all men—principles
which, though here stated necessarily in the briefest and barest way, are, I am
persuaded, fraught with benefit to all men, if they are properly interpreted
and faithfully applied.



BOOK I.

CHAPTER L
WATER.

TrE supply of wholesome water in sufficient quantity is a fundamental
sanitary necessity. ~Without it injury to health inevitably arises, either
simply from deficiency of quantity, or more frequently from the presence of
Mmpurities.  In all sanitary investigations, the question of the water-supply
is one of the first points of inquiry, and of late years, quite unexpected
evidence has been obtained of the frequency with which diseases are in-
troduced by the agency of water. In suchan investigation, if the headings
of the sub-sections of this chapterare followed, and the facts are noted under
each heading in order, it will be hardly possible to overlook any condition
which may have affected health. The order of investigation would be as
follows :—Quantity of water per head ; how is it collected ; stored ; dis-
tributed ; what is its composition ; is it wholesome water at its source and
throughout, or has it been contaminated at any point of its distribution ;
what are the effects presumed to arise from it *

SECTION 1.
ON THE QUANTITY AND SUPPLY OF WATER.

Sue-Sectioy I.—1. QuaxTiTY oOF WaTER ForR HEALTHY MEN.

In estimating the quantity of water required daily for each person, it is
necessary to allow a liberal supply. There should be economy and avoidance

* Army Reqidations on the subject of Water.—The Regulations for the Medical Departmnent
of Her Majesty’s Army frequently refer to the supply of water. In Part i. Section 2, the
Tespectors and Deputy Inspectors-General are directed to * ascertain that the water-supply is
@od and abundant, that wells are properly covered.” and “that there is no soakage from
cspools, drains, &c., into them.” Also, “that the lavatories and baths are suflicient for the
tumber of men, and that bathing parades are sufficiently frequent.”

In Part iv. Section 2, the surgeon or medical officer in charge of a reziment is ordered to
“Xamine, from time to time, ‘‘ the quality and amount of drinking-water,” and to ascertain
that there is ““no soakage from latrines, cesspools, drains, or other sources of impurity.”
He is also ordered to inspect the lavatories and baths. In Sections 4 and 5, the same super-
vision over the water-supply of camps and garrisons and transport shi‘m, is enjoined.

When an army takes tge field a Banitary Officer is appointed, and he examines into all
anitary points, including the water-supply. (Part iv. Section 6.)

In the monthly and annual Reports the water-supply has to be considered, in common with
otker sanitary conditions.

A
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of waste ; but still, any error in supply had far better be on the side of excess.
In England many poor families, either from the difficulty of obtaining water,
or of getting rid of it, or from the habits of uncleanliness thus handed down
from father to son, use an extremely small amount. It would be quite in-
correct to take this amount as the standard for the community at large, or
even to fix the smallest quantity which will just suffice for moderate cleanli-
ness. It is almost impossible to give a definition of cleanliness, nor perhaps
is it necessary, since there is a general understanding of what is meant.

It must be clearly understood for what purposes water is supplied. It may
be required for drinking, cooking, and ablution of persons, clothes, utensils,
and houses ; for cleansing of closets, sewers, and streets ; for the drinking and
washing of animals, washing of carriages and stables ; for trade purposes ;
for extinguishing fires ; for public fountains or baths, &e.

In towns supplied by water companies, the usual mode of reckoning is to
divide the total daily supply in gallons by the total population, and to ex-
press the amount per head per diem.

The following are some of the gross amounts used at the present time for
all the above purposes, as judged of in this way :—

Gallons per head
of pupulation caily.

New River Company in London 1866,* . . 23
East London Water-Work Company, ,, . . . 29
Chelsea . y . . . 338
West Middlesex ’ 9 - . . 30
Grand Junction " » - . . 34
Southwark and Vauxhall ,, y - . . 21
Lambeth ” . . . 34
Southampton, ” " - . . 35
Glasgow, ' »w - . . 50
Derby,t . . . . . . 14
Nottingham,t . . . . . . 17
Norwich,t . . . . . . 12
Edinburgh, . . . . . . 35
Liverpool, . . . . . . 30
Sheffield . . . . . . 20
Paris, . . . . . . . 31

In 1857 the average supply to fourteen English towns, of second-rate mag-
nitude, was 24 gallons. Mr Batemen states that in the manufacturing towns
of Lancashire and Yorkshire, the present amount is from 16 to 21 gallons.

At Norwich ahout 14} gallons daily per head are supplied on the constant
system, of which 10'5 are taken for domestic purposes, 3 for trade, and -7
gallons for public and sanitary purposes. In Manchester the supply is also
constant, and is 14 gallons per head for domestic, and 7 for trade purposes.

By a recent decision of the Secretary of State for war, a soldier is to
receive 15 gallons daily ; no extra allowance is made for the wives and
children in a regiment.

The gross amount thus taken is used for different purposes, which must be
now considered.

* These and the other London amounts are taken from the Report of the Commiittee of the
House of Commons on the East Loudon Water Bills, 1867, p. 31/. The Edinburgh amount is
taken from the same work.

1 From Mr Beggs' pamipllet on ¢ Constant Water Supply,
Association.

% Report by Mr Pole.

issued by the Social Science
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Amount for Domestic purposes, excluding Water-Closets.

This item includes drinking, cooking, washing the person, the clothes, the
house utensils, and the house.

An adult requires daily about 70 to 100 ounces (34 to 5 pints) of water for
nutrition ; but about 20 to 30 ounces of this are contained in the bread, meat,
&e., of hls food, and the remainder is taken in some form of liquid. There
are, however, wide ranges from the average. Women drink rather less than
men ; children drink, of course, absolutely less, but more in proportion to
their bulk than adults. The rules for transport vessels allow 8 pints in, and
G out of the tropics for cooking and drinking. During hot weather and great
exertion a man will, of course, drink much more.

In some experiments made for the War Office in 1866, at the Richmond
Barracks in Dublin and the Anglesey Barracks in Portsmouth, the amount of
the different items of the domestic supply (excluding latrines, which take 5
gallons per head) is thus given :—

Gallons per
soldier daily.
Cook-house, . . . . . 1
Abiution rooms and baths . . . . 4
Cleaning barracks, . . . . 2-25
Wash-house and married people, . . . 25
975

I have measured the water used in several cases ; the following was the
amount used by a man in the middle class, who may be taken as a fair type
of a cleanly man belonging to a fairly clean household :—

Gallons daily per
one person.

Cooking, . . ‘75
Fluids as drink (water, tea, coﬂ'ee), . . 33
Ablution, including a daily sponoe-bath which 5
took 24 to 3 gallons, }
Share of utensil and house—washmg , 3
Share of clothes (laundry) washing estlmated 3
12

These results are tolerably accordant with the Dublin experiments, if we
remember that with a large household there is economy of water in washing
utensils and clothes, and that the number of wives and children in a regi-
ment is not great. In poor families, who draw water from wells, I have found
the amount to vary from 2 to 4 gallons per head, but then there was certainly
not perfect cleanliness.

Mr Bateman* states that in a group of cottages with 82 inmates, the daily
average amount was 7} gallons per head, and in another group 5 gallons per
head. Dr Letheby found in the poor houses in the city of London the amount
to be 5 gallons.t  In experiments in model lodging-houses, Mr Muir states,
that 7 gallons daily were used.; Mr Easton, in his own house in London,
found he used about 12 ga.llona per head, of which about 5 were for closets,
leaving 7 for other uses; but I infer that the laundry washing was not
included. In the convick prison at Portsmouth, where there are water-

* On “Constant Water Supply.” By Messrs Bateman, Begas, & Rendle. 1867.
T+ F;pd-ort of the East London Water Bill Comuittee, 1867, Questions 2346 and 2347,
$Ibid p. 5.
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closets, and each prisoner has a general bath once a8 week, the amount is 11
gallons (Wilson).

In several of the instances just referred to, it may be questioned whether
the amount of cleanliness was equal to what would be expected in the higher
ranks. In most instances quoted no general baths were used ; but it is now
becoming so common in England to have bath-rooms, that it is said they are
often put even in eight-roomed houses. A general bath for an adult requires, .
with the smallest adult bath (¢.e., only 4 feet long and 1 foot 9 inches wide),
38 gallons, and many baths will contain 50 to 60 gallons. A good shower-
bath will deliver 3 to 6 gallons. General baths used only once a-week will
add 5 or 6 gallons per head to the daily consumption.

1 believe we may safely estimate that for personal and domestic use, with-
out baths, 12 gallons per head daily should be given as a usual minimum
supply ; and with baths and perfect cleanliness, 16 gallons should be allowed.
This makes no allowance for water-closets or for unavoidable waste. 1f from
want of supply the amount of water must be limited, 4 gallons daily per
head for adults is probably the least amount which ought to be used, and in
this case there could not be daily washing of the whole body, and there
must be insuflicient change of under-clothing.

If public baths are used the amount must be greatly increased. The
largest baths the world has seen (those of Ancient Rome) demanded a supply
of water 8o great as, according to Leslie's calculations, to raise the daily
average per head to at least 300 gallons.

' Amount for Water-Closets.

The common arrangements with cisterns allow any quantity of water to be
poured down, and many engineers consider that the chief waste of water is
owing to water-closets. In some districts, by attention to this point, the con-
sumption has been greatly reduced ; in one case from 30 to 18, and in another
from 20 to 12 gallons per bead. It has not yet been precisely determined
what quantity should be allowed for water-closets. ~ Small cisterns, termed
water-waste preventers, are usually put up in towns with constant water
supply, which give only a certain limited amount each time the closet is used.
The smallest water-waste preventer holds § gallon, but this is too little. The
better kinds hold 1 to 2 gallons ; but even 2 gallons are often insufficient to
keep the pan and soil-pipe perfectly clean; the water-waste preventer must
be sometimes allowed to fill again, and be again emptied. Considering
also that some persons will use the closet twice daily, and sometimes
oftener, and that occasionally more water must be used for thoroughly
ﬂushmg the pan and soil-pipe, 6 gallons a-day per head should probably be
allowed for closets. In this particular instance a false economy in the use of
water is most undesirable. Water latrines require less ; the amount is not
precisely known ; the experiments of the Royal Enmneers at Dublin give
an average of 5 gallons per head, but it is considered this might be reduced.

In fixing the above qnantltxes, viz., 12 gallons per head for all domestic
purposes except general baths and closets 4 gallons additional for general
baths, and six for water-closcts, I shall be considered by some to have fixed
the daily supply too high, while by others I shall be accused of the contrary
fault. I have endeavoured to base it on facts, and do not think I am much
in error. It is, however, necessary to make some allowance for unavoidable
waate, and for extra supply to closets, and it will be a moderate estimate to
allow 3 gallons daily per head for this purpose. This will make 25 gallons.

There is another reason for believing that an amount of about 25 gallons
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per head should pass from every house daily into sewers, if sewers are used.

It is that in most cases this quantity seems necessary to keep the sewers per-

fectly clear, though in some cases, no doubt, with a well-arranged and con-

structed sewerage, a less amount may suffice.  But the complete clearage of

sewers is a matter of such fundamental importance that it is necessary to
, take the safest course.

Amount for Animals.

From experiments conducted in some cavalry stables in 1866, by the Royal
Engineers, the War Office authorities have fixed the daily supply for cavalry
horses at 8 gallons, and for artillery horses at 10 gallons per horse. This is
to include washing horses and carriages. The amount seems rather small.
Of course the amount that horses drink varies as much as in the case of men,
and depends on food, weather, and exertion ; but if a horse is allowed free
access to water at all times, and this should be the case, he will drink on an
average 6 to 10 gallons, and at times more. In the month of October, with
ool weather, I found a horse 16 hands high, doing 8 miles a-day carriage-
work, and fed on corn and hay, drank 7} gallons. Another carriage horse
drank nearly the same amount. In a stable of cavalry horses, doing very
little work, and at a cool time of the year, I found the amount per horse to
be 64 gallons. The amount used for washing was 3 gallons daily. In hot
and dirty weather the quantity for both purposes would be larger. For wash-
ing a horse requires at least 14 gallon, and twice this amount if he is washed
twice a-day. There is a saving, however, if grooms wash several horses in
the same water. It is difficult to say how much is used for carriage-
washing. A cow or an ox, on dry food, will drink 6 or 8 gallons ; a shecp
or pig, 3 to 1 gallon. In the Abyssinian expedition, the following was the
calculation for the daily expenditure of water per head on shipboard:—

Elephants, . . . . . 25 gallons,
Cumels, . . . . . 10 ,,
Oxen (large draught), . . . . 6
Oxen (small pack animals), . . . 5
Horses, . . . . . 6

Mules and ponies . . 5

For 20 elephants and 100 men, 50,000 gallons were put on board for a
voyage of 60 days.*

Amounts required for Municipal and Trade purposes.

For municipal purposes water is taken for washing and watering streets,
for fountains, for extinguishing fires, &e. The amount for these and for
trade purposes will vary greatly. Professor Rankinet who gives an average
allowance of 10 gallons per head for domestic purposes, proposes 10 more for
trade and town use in non-manufacturing towns, and another 10 gallons in
manufacturing towns. Considering, however, the comparatively small number
of horses and cows in towns as compared with the human population, and
the frequent rsins in this country which lessen watering of streets, these
quantities might, perhaps, in most cases be halved.

1f, now, the total daily amount for all purposes be stated per head of
population, it will be as follows :—

* This information was derived from Major Holland, Assistant-Quartermaster-General, Abys-
sinian Army.
t Civil Engineering, 1862, p. 731. ’

~
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Gallons.
Domestic supply (without baths or closets), . . 12
Add for general baths . . . 4
‘Water-closets, . . . . . . 6
Unavoidable Waste, . . . . . 3
Total house supply, 25

Town and trade purposes, animals in non- manufautunn" towns, 5%
Add for exceptional manufacturing towns, . . . 5
35

In India and hot countries generally, the amounts now laid down would
have to be altered. Much more must be allowed for bathing and for washing
generally, while a fresh demand would arise for water to cool mats, punkahs,
or air-passages by evaporation. In Calcutta it is intended to supply to
Europeaus 30 gallons per head, and to natives 15 gallons daily.t

In Madras, it appears to be assumed that the ultimate amount used will be
20 gallons per head, including all residents.

2. AMoUNT REQUIRED FOR Sick MEN.

In hospitals a much larger quantity must be provided, as there is so much
more washing and hathmt' From 40 to 50 gallons per head are often used.
I know of no good e‘(perlments as to the items of the consumption, but I
think the following is near the truth:—

Gallons daily.
For drinking and cooking, washing kitchen and

2to 4

utensils,

For personal washing and general bathq, . . 18 to 20
For laundry washing, . . . 5to 6
Washing hospital, utensﬂs, &e., . . 3to 6
‘Water-closets, . . . . 10

38 to 46

It would be very desirable to have more precise data; possibly the amount
for closets is put too high, but not greatly so when all cases are taken into
account.

Sus-SEcTION I1.—COLLECTION, STORAGE, AND DISTRIBUTION OF WATER.

The daily necessary quantity of water per head being determined, the next
points are to collect, store, and distribute it.

1. CoLLECTION.

In many cases collections of water occur naturally in the depressions of the
surface, or the commingling of small streams forms rivers. The collection
by men consists almost entirely in imitating these natural processes, and in
directing to, and finally arresting at some point, the rain or the streamlets
formed by the rain. The arrangements necessarily differ in each case. Rain-
water is collected from roofs, or occasionally from pavements and flags, or
cemented ground ; in hilly countries, with deep ravines, a reservoir is some-

* This allowance will vary in every case, and must be very uncertain.
+ Gm'don s Army Hygiene, E
teport by Captain "Tulloch on tbe Drainage of Madras, 1865, p. 93.
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times formed by carrying a wall across a valley, which is well placed for re-
ceiving the tributary waters of the adjacent hills, or on a flatter surface
trenches may be arranged, leading finally to an excavated tank.

The collection of the surface water which has not penetrated is usually
aimed at, but it has been proposed by Mr Bailey-Denton* to collect the sub-
il water by drainage pipes, and thus to accomplish two objects—to dry the

"land, and to use the water taken out of it. Below the surface the water is
collected by wells, shallow, deep, and Artesian, or by boring.

With respect to wells, if they are situated near a river, and do not pro-
duce sufficient water, it has been recommended to lay perforated earthenware
pipes parallel to the river, and below its fine-weather level, in trenches not
less than 6 feet deep, and filled up above the pipes with fine gravel. The
pipes end in the well, and water passing from the river and filtered through
the gravel passes into them. The American tube-well (Norton's patent),
is a very useful invention. It is merely a small iron pipe driven into the
ground in lengths ; the water passes through small holes in the lowest part
of the pipe, and is drawn up by a common or double action pump according
to the depth.

All these matters fall within the province of the engineer, and the medical
part of the question is chiefly restricted to the consideration of the purity of
the water. The cleanliness and nature of the surface (lead, zinc, copper, &c.)
on which rain falls ; the kind of ground ; and of cultivation ; the amount of
manuring ; the nature of the subsoil if drainage water is used, and points of
the like kind, have to be considered and supplemented by a chemical ex-
amination.

Rain.—The amount of water given by rain can be easily calculated, if two
points are known—rviz., the amount of rainfall, and the area of the receiving
surface. The rainfull 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 ;

Multiply 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 expressit 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
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 gallonsa-day. But as few

* On the Supply of Water to Villages and Farms, by Mr Bailey-Denton, C.E.
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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-butts. 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. Tofacilitate these
calculations, tables have been constructed by engineers.t

One inch of rain delivers 4673 gallons on every square yard, or 22,617
gallons (101 tons by weight) 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.

Sprinys, Rivers.—It will often be a matter of great importance to deter-
mine the yield of springs and small rivers, 1s a body of men may have to be
placed for some time in a particular spot, and no engineering opinion, per-
haps, can be obtained.

A spring is measured most easily, by receiving 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 round or square, its capacity can be at
once known by measuring it, and using the rules laid down in the chapter
for measuring the cubic amount of air in rooms. The capacity of the vessel
in cubic feet may be brought into gallons if desirable, by multiplving by
6-:23. If a tub or cask only be procurable, and if there is no pint or gallon
measure at hand, the following rule may be useful:—

Take the bung diameter in inches, by measuring the circumference at the
bung, dividing by 3-1416, and making an allowance for the thickness of the
staves ; square the bung diameter, and multiply by 39. Take the head dia-
meter by direct measurement, and square it, and multiply by 25. Multiply
one diameter by the other, and the product by 26. Add the sums, and
multiply by the length of the cask ; then multiply by ‘000031473, and the
result is given in gallons.§

When 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 aml
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 difierence of level of the water
above and below the sluice is measured. ||

* 9square feet = 1 square yard, Square yards x 0002067 = acres.
4840 square yards = 1 square acre. Lineal feet  x 00019 = miiles.
640 square acres = 1 square miile.

1 Beardmore’s Manual of Hydrology, p. 61.

t To bring cubic inches into gallons, multiply by 40 and divide by 11,091, or multiply
at once by (03607,

§ Neshit's Practical Mensuration, 1859, p. 309.

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

Discharye = area, multiplied by five times the square root of head of water 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, it the
sluice be above the lower level.
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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 between the top of the plank
and the surface of the still waterabove. 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 be perfectly level ; a plumb-line has generally to be used.*

The same object may, however, be attained with sufficient accuracy tor the
purposes of the medical officer by selecting a portion of the stream where the
channel is pretty uniform, for the 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
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
Huat a certain distance over the portion of channel chosen. From this can be
2ot the surface velocity per second, which is greater, of course, than the bottom
or the mean velocity. Take four-tifths of the surface velocity (being nearly
the proportion of mean 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 irregularities 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.

Weils.—The yield of wells can only be known by pumping out the water
as 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
sutficient 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 be formed of the yield.

Permanence of Supply.—1t is obvious that the permanence of the supply
of a spring or small stream may often be of the greatest moment in the cass
of an encampment, or in the establishment of a permanent station.

In the first place, evidence should, when available, be obtained. If no
evidence can be got, and if the amount and period of rain be not known, it
i3 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 a flat country the permanency is
doubtful, unless there be 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
mcks 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 consider-
ably 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

* Discharge of water over a weir 1 foot in length.—If the weir is more or less than a foot,
miltiply the quantity in the table opposite the given depth by the length of the weir in feet, or
decimals of a foot.

Devth falling Discharge per Depth falling Discharge per
over, inches. minute. over, inches. minute,
1:70 cubic feet. 2% . . . 1970 cubic feet.
! . - . ' ”» ” 3 v - . 2{)'()2 ”» )
3. . . 8:84 ,, ”» 33 . . .o8322 2
2 . . 1363 ,, ” 4 . 071 ,, ”»

Thus, if the weir measure 1 foot, and the depth of water falling over be 2 inches, the delivery
is read at once, viz., 13'63 cubic feet, or 849 gallons per minute.
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Chars, and others, give out a very large amount of oxygen, and thus oxidise
and render innocuous the organic matter which may be dissolved in the
water or volatilised from the surface.* Dr Chevers mentions that the water
of some tanks which were ordered to be cleared of water plants by Sir Charles
Napier, deteriorated in quality. Other plants, however, as some species of
duckweed (Lemna at home, Pistia in the tropics), are said to contain an
acrid matter which they give off to the water. It would be well to remove
some of the plant, place it in pure water in a glass vessel, and try by experi-
ment 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 at any rate remain in the reservoir.

Whenever a reservoir is so large that it cannot be covered in, a second
smaller covered tank, capable of holding a few days' supply, might be pro-
vided, and this might be fitted with a filter, through which the water of the
large reservoir might be led as required.

When tanks are large they are made of earth, stones, or masonry ; if
mortar be used, it should, asin the case of the smaller reservoirs, be hydraulic,
so that it may not be acted on by the water.

The materials of small reservoirs and cisterns are stone, cement, brick,
slate, tiles, lead, zinc, and iron. Of these slate is the best, but it is rather
liable to leakage, and must be set in good cement ; common mortar must not
be used for stone or cement, as lime is taken up and the water bceomes hard.
Leaden cisterns, as in the case of leaden pipes, may yield lead to water, and
should be used as little a8 possible, or should be protected. Lead cisterns
are often corroded by mud or mortar, even when no lead is dissolved in the
water. Iron cisterns and pipes are often rapidly eaten away ; they are now
sometimes protected by being covered inside with Portland cement or with a
vitreous glaze.  Iron tanks are now very much used. They must be covered,
and in India be protected from the sun. Zine has been said to be a good
material ; water acts a little upon it, but generally the compounds formed
(hydrated oxide, zinc ulmatet) are almost insoluble. Nevertheless, it is said
that water passing through zinc pipes, or kept in zinc pails, may produce
symptoms of metallic poisoning.

Cisterns should always be well covered, and protected as much as possible
from both heat and light. Care should always be taken that there is no
chance of leakage of pipes into them. A common source of contamination
is an overflow pipe passing direct into a sewer, so that the sewer gases pass
up, and being confined by the cover of the cistern, are absorbed by the water ;
to prevent this, the overflow pipe is curved so as to retain a little water and
form a trap, but the water often evaporates, or the gases force their way
through it ; no overflow pipe should therefore open into a sewer, but should
end above ground over a trapped grating. A cistern supplying a water-closet
should not be used to supply cooking and drinking water, as the pipes leading
to the closet often conduct closet air to the cistern. Hence, a small cistern
(water waste preventer) should be used for each closet. Cisterns should be
periodically and carefully inspected ; and in every new building, if they are
placed at the top of the house, convenient means of access should be pro-
vided. Tanks to hold rain-water require constant inspection.

Wells (which are really reservoirs) are very liable to contamination from
surface washings during rains. A good coping will often prevent this ; but
if there is much subsoil soaking, lining with iron to a certain depth, or

* Clemens in Archiv. fiir Physiol. Heilk. 1853.
1 Fonssagrives, Ann. d'Hyg. Jan. 1864, p. 857.
% My friend, Dr Orsborn, of Bitterne, has scen several cases of this kind.
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covering with brickwork set in cement for a sufficient depth, to arrest the
flow, may be desirable.

3. DisTRIBUTION.

‘When houses are removed from sources of water the supply should be by
aqueducts and pipes. The distribution by hand is rude and objectionable,
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
both the Eastern and Western Empires were undertaken for the supply of
water—works whose ruins excite the astonishment and should rouse the emu-
lation of modern nations.

The plans for the distribution of water should include arrangements for
the easy and immediate removal of dirty water. This is an essential point,
for in many towns where houses are not properly arranged for small families,
there are no means of getting rid of water from the upper rooms, and this in-
convenience actually limits the use of water, even when its supply is ample.

The supply of water to houses may be on one of two systems, intermittent
or constant. The difference between the two plans is, that in the first case
there is storage in the houses for from one to three days ; while in the latter
case, there is either no storage, or it is only on a very small scale for two pur-
poses, viz., for water-closets and for the supply of kitchen boilers.* It should,
however, be understood that the constant supply does not mean an unlimited
supply, nor is it the fact that the water in the house pipes is always in direct
communication with the water in the reservoirs. On the contrary, the water
to the houses is often cut off, particularly in places where the supply is
limited, and fittings are not good, and there is great waste,

The great arguments against storage on the premises (except on a limited
scale for closets and boilers) are the chances of contamination in cisterns, and
the very imperfect means of storage. In poor houses wooden casks or barrels
are often used, and may be placed in the worst situations. The arguments
against the storage system are certainly directed in part against removable
failures.  If every house had a good cistern in a proper place, 7.e., secured
from contamination, and capable of easy inspection and cleansing ; if, in
fact, the details of the system were good, it might be argued that storage on
the premises would be the best plan, as giving without fail, and at all times
of day and night, a sufficient supply of water, not merely for common use, but
for emergencies. It must, however, be admitted that, especially in poor
houses, the inspection and cleansing even of a well-placed cistern will never
be properly done, and that with all precautions the chances of contamination
of the water during storage are very great.  As regards this point, the con-
stant system has a very great superiority, for there is no chance of contamina-
tion except in the reservoir or in the pipes. So great an advantage is this
in a sanitary point of view, that almost all those who have paid most attention
to sanitary allairs have advocated the constant system. It is, however, quite
necessary that it should be understood what the constant system sometimes
is in practice. 'When there is an abundance of water, as at Glasgow, the stop-
pages of water may be few, but when water has to be economised, the water is
from time to time shut off from the house pipes, and then no water may be

* Much valuable evidence on the constant surply may be found in the Report of the House
of Commons Committee on the East London Water Bills, 1867. It is curious to see how difti-
cult the definition of a constant supply was found to be. The difference of opinion between
engineers on the desirability of a constant supply is shown to be considerable. The statements
in the text are drawn trom a collation of this evidence, and from a consideration of Mr Bute-
mau's pamphlet, and many other works.
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procurable for hours. * This, however, is avoided as much as possible in the
day time, so that the inconvenience is reduced to a minimum. Insome cases,
again, in order to economise water, a throttle or ferule is introduced into the
communication or house pipe,* lessening the diameter to 3th or even to fgth
of an inch, or smaller, so that if the head of pressure be small the water flows
very slowly, and sometimes merely dribbles. 1n other cases, a8 meter is put
on a pipe communicating with several houses ; and the owner of the houses is
charged for the water, and this leads him to enforce a very sparing use of it.
In all these ways the constant system may tell against the consumer ; while, on
the other hand, great waste, leaking fittings,and fraudulent abstraction of water
(to avoid which there are several ingenious contrivances) tell against the com-
pany,and lead to a depreciation of their property. Another injury is also some-
times inflicted on the company, for their fittings are stolen,and besides the loss,
an enormous waste of water may be caused, and not be detected for some time.

In spite of all these difficulties, the system of constant supply, in some
shape or other, has been carried out in about 150 towns in England ;} and
the Metropolis Water Act of 1871 has now ordered constant supply for
London, if demanded by the rate-payers, and if proper fittings are provided.

In providing a constant supply, certain precautions are necessary. The
fittings must be as perfect as possible. In some cases, when the system has
been changed from the intermittent to the constant system, as in Chester,
the waste of water has been so great that the old plan has been recurred to.
Common taps do not answer, and the best screw taps and fittings must be
used.? To prevent theft, it has been proposed to make the removal of fittings
a specific offence, punished summarily by imprisonment, and to place the sale
of such property under the same restrictions as in the case of Crown property.

One important sanitary advantage of the constant system is that, in order
to facilitate inspection and detection of waste, nowater pipe is allowed to open
into a sewer, but it is always so placed that any escape of water can be easily
seen (the so-called warning pipe). The great evil of sewer gases being con-
ducted back into houses though overflow pipes is thus avoided. Careful
inspection and good fittings so far lessen the waste of the constant system,
that in some cases less water is used than under the intermittent plan.§

Some engineers have proposed what may be called a compromise between
the intermittent and constant systems. They would allot to a house of a
certain size and population a given daily amount of water, and give an equal
storage, with a cistern, and would then deliver through a tube with a very
small orifice an amount of water in twenty-four hours just equal to the
storage. In that way the day would commence with the storage of the
night, which would be sufficient for the morning washing. The water com-
pany could not lose in this way ; and it would be for the tenant to look after
his fittings if at any time he found himself without water. The objection to
this plan is that cisterns are reintroduced, and their lessened size does not
remove the objections to them.

If the constant system is used, a good screw stop-cock, available to the
tenant, should be placed at the point of the entrance of the pipe into the
house, 8o that the water may be turned off if pipes burst, or to allow the
pipes to be empty, as during frost. Every precaution must be taken that

* The terms used to describe the Eipes differ a little apparently ; the mains and district or
sub-mains are the large pipes, which are alwag]s full of water, tﬂe latter being of course the
s-ualler ; the service-pipe is another term for a district main. The communication-pipe is that
which runs from the service-pipe to the house, and in the house it takes the name of house-pipe.

+ Mr Beggs' Pamphlet, op. cit. page 20.

TA bnd%:ﬂl-cock has been known to drop 12 gallons a-day.

§ Evidence of Mr Easton in the Report of Committee on the East London Water Bills, 1867.



14 WATER.

impure water is not drawn into the pipes by a pipe being emptied and suck-
ing up water from a distance.*

For the supply of a very large city, it might be desirable to divide the city
into sections, and to establish a reservoir for each district, holding three or four
days’ supply. Inthis way the waste of one section would not take away the
water from another. In some instances, people in one part of a town sup-
plied with the constant system, have used so much water for gardens that
other parts have been altogether deprived of supply. The system of secondary
reservoirs would not only lessen this chance, but would make it possible to
ascertain that every part of the town was getting its supply. The number of
water companies in London has in fact somewhat this effect, but the sub-
division is not carried far enough.

To sum up the comparative sanitary advantages of the two systems, I be-
lieve it may be said that either would answer if perfectly carried out ; but
that the constant system is safer, especially for poor houses, as it leaves no
loophole for inattention in the cleansing of cisterns. Only, it requires that
the constant system shounld really fultil the conditions laid down for it, viz.,
it should deliver sufficient water and at all times, and not merely delude us
with a phrase.

In both plans, the water is conducted from the reservoirs in pipes. The
pipes are composed of iron, masonry, or earthenware for the larger pipes or
mains, the iron being sometimes tinned or galvanised, or lined with concrete,
or pitched, or covered with a vitreous glaze such as that patented by De
Lavenant ; for the smaller pipes, iron, lead, tin, zinc, tinned copper, earthen-
ware, gutta percha, &c., are used.

Bituminised paper pipes were sometime since brought into the market,
but they have not succeeded ; after a time they become 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 below.)

Water should be distributed not only to every house, but to every floor in
a house. If thisis not done, if labour is scarce in the houses of poor people,
the water is used several times ; it becomes a question of labour and trouble
versus cleanliness and health, and the latter too often give way. Means must
also be devised for the speedy removal of dirty water from houses for the
same reasons. In fact, houses let out in lodgings should be looked upon, not
as single houses, but as a collection of dwellings, as they really are.

* The Board of Trade issued a Minute in 1872 laying down regulations and defining the
kind of fittings and arrangement for London ; the following are the principal points ; lead pipes
to be of certain strength (if internal diameteris §in., 4in., §in,, §in., 1in,, 1} in., the respective
weights per lineal yardaretobe 51b.,61b., 73 1h.,91b., 121b., 16 1b.).  Every pipe in contact with
the ground to be of lead ; each house to have a communication pipe, but only one, unless an
owner hay it for a block of houses ; connection of every communication pipe to be by a brass
screwed ferule or stop-cock with a clear area of water way equal to 4 inch, every joint to be a
“plumbing” or “wipe” joint, No pipe to pass through an ash-pit, manure heap, drain,
unless it cannot be avoided, and then the pipe is to be laid in an exterior cast-iron pipe or
jacket ; each pipe in the ground to be 30 inches below surface ; each communication pipe to
Yiave near the entrance into the house a screwdown stop-valve ¢ if in the ground such valve to
be protected by proper cover and guard box ; every cistern to be water-tight, to have a good
““ball-tap ;" no waste-pipe except a * warning pipe ” and such warning pipe to be so placed as
to be casily inspected.  No cistern buried in ground to be used ; wooden cisterns to have
metallic linings ; every water-closet, urinal, or boiler shall be served only from a cistern, and
shall not be in direct communication with the water-pipes ; closets and urinals to have water-
waste preventers; every ‘“down pipe ” into a water-closet to have an internal diameter of not
less than 1} inch, and to weigh not less than 9 Ib per lineal yard. No bath to have an overflow
pipe except of the ¢ warning ” kind ; the outlet must be distinet from the inlet, and the inlet
shall be higher than the highest stand of the water. Lead warning pipes, of which the ends are
open, and which cannot remain charged with water, may have the following minimum weight :
} inch diameter to have a weight of 3 1bs per yard; # in., 5 1bs; 1in., 7 lbs,
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ACTION OF WATER ON LEAD PIPES.

There are more discrepancies of opinion on this subject than might bave
been anticipated.

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

1. The waters which act most on lead are the purest and most highly
oxygenated ; also those containing organic matter, nitrites (Medlock),*
nitrates, and according to several observers, chlorides. Besides the portion
dissolved, a film or crust is often formed, especially at the time of contact of
water and air ; this crust consists usually of 2 parts of lead carbonate and 1
part of hydrated oxide. The mud of several rivers, even the Thames, will
corrode lead, probably from the organic matter it contains, but it does not
necessarily follow that any lead has been dissolved in the water. Bits of
mortar will also corrode lead.

3. The waters which act least on lead are those containing carbonic acid,t
calcium carbonate, calcium phosphate (which has been found by Frankland
to have a great protective power), and in a less degree, calcium sulphate ;
and, perhaps, in a still less degree, magnesian salts, and the alkaline phos-
phates ;3 but it has been said that perfectly pure water, containing no gases,
has no action on lead. The deposit which frequently coats the lead, consists
of carbonate, phosphate, and sulphate, of lead, calcium, and magnesium, if
the water have contained these salts, and lead chloride. §

3. From the observations of Graham, Hofmann, and Miller, the protective
influence of carbonic acid gas appears to be very great ; a difficultly soluble
lead carbonate is formed. However, a very great excess of free carbonic
acid may dissolve this. This has perhaps led to the statement that carbonic
acid counteracts the preservative effects of the salts.|| “

Other substances may find their way into water, which may act on lead—
a3 vegetable and fatty acids, arising from fruits, vegetables, &c., or sour milk
or cider, &ec.

4. The lead itself is more easily acted upon if other metals, as iron, zine,
of 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.

AMOUNT OF DISSOLVED LEAD WHICII WILL PRODUCE SYMPTOMS OF POISONING.

Dr Angus Smith refers to cases of lead paralysis in which as little as
135th of a grain per gallon was in the water. Adams also (“Trans. of
the American Medical Society,” 1852, p. 163) speaks of y};th of a grain
causing poisoning. Graham speaks of gyth of a grain per gallon as being
innocuous. Angus Smith says that J5th of a grain per gallon may aflect

* Medlock attributes the greatest influence to ammonium nitrite formed from organic
matter ; lead nitrite is rapidly formed, and carbonate is then produced ; the nitrous acid being
! free to act on another portion of lead. The ammonium nitrite exists in most distilled
water.

+ Inalate paper, M. Langlois (Rec. de Mém. de Méd. Mill. 1865, p. 412) attributes a great
action on lead to the carbonic acid, but states that the carbonate of lime entirely protects
lead, especially, as I understand him, by rendering the carbonic acid inactive.

+ Report of the Government Commission, 1851, p. 7.

# Lauder Lindsay, Action of Hard Water on Lead, p. 7.

il There is some discrepancy of opinion as to the action of the chlorides,



16 WATER.

some persons, while y};th of a grain per gallon may be required for others.
But it is difficult to prove it may not at some time have been more than this.
Calvert found that water which had been decidedly injurious in Man-
chester, contained from {!;th to #ths of a grain per gallon.

In the celebrated case of the poisoning of Louis Philippe’s family at
Claremont, the amount of lead was y75ths of a grain per gallon ; this quantity
affocted 34 per cent. of those who drank the water.

The water of Edinburgh is said to contain only y}5th of a grain per gal-
lon, which is not hurtful.*

On the whole, it secms probable that any quantity over gxth of a grain
per gallon should be considered dangerous, and that some persons may even
be affected by less quantities.t

PROTECTION OF LEAD PIPES,

The chief means which have been proposed are :—

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

(b.) A much better plan is by having a good block-tin pipe enclosed in a
lead pipe, as in Haines’ patent. If the tin is good, it is little acted on, and
the strength of the pipe is increased, while bends and junctions can be made
without destroying the continuity of the tin.

(c.) Fusible metal, viz., lead, bismuth, and tin. This is certainly objec-
tionable.

(d.) Bituminous coating (M‘Dougall’s patent). This is said to be effectual,
but I am not aware of any exact experiments.

(e.) 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.

(f.) Coating interior of pipes with lead sulphide by boiling the pipes in
sodium sulphide for fifteen minutes. The sodium sulphide may be made
by boiling sulphur in liquor sod. (Schwartz’s patent.)

(g9.) Rosin and grease with white lead (!) has been proposed, also rosin and
arsenic. Both are most objectionable.

(h.) Varnish of coal tar.§

SUBSTITUTES FOB' LEAD PIPES,

Cast and wrought iron pipes can be used, and Mr. Rawlinson informs me
that he now orders no others. The iron can be glazed internally. Copper
tinned and block-tin are also employed, and both are excellent, but are
rather expensive. In some cases the tin is eaten through, but this is not
common. Zine, which speedily gets covered with an insoluble oxide, can be
used, if the water contains calcinm carbonate, as this is said to prevent the
free carbonic acid from dissolving the oxide. Gutta percha and bituminised
paper pipes have been proposed, but at present are not in much, if in any,
use. Artificial stone has also been employed.

* Chemical News, September 28, 1861.

+ See also Taylor’'s Med. Jurisp., 1865, p. 242; and opinions of Penny, ibid. p. 241.
+ Chemical News, Scptember 28, 1861.

§ Lauder Lindsay, Action of Hard Water on Lead, p. 21.



QUALITY OF DRINKING WATER. 17

SECTION II.
QUALITY OF DRINKING WATER.

Sus-Section I.—ComrosITION.

The composition of water is of importance for several economic purposes ;
for certain trades which require careful processes of washing and dyeing;
for the supply of engines, &c. But these subjects are too technical to be
discussed here, and I have restricted this chapter to the quality of water as
used for drinking purposes. The only domestic matter of importance con-
nected with quality, apart from drinking and cooking, is the relative amount
of soap used by hard and soft water in washing. But this is so obvious a
matter that it only requires to be alluded to.

Owing to many of the domestic uses of water, such as the washing of
ntensils, the supply for closets, &c., not requiring a very pure water, it has
been proposed in some cases to supply water from two sources—one pure for
drinking and cooking, the other impure. This requires, however, two sets
of pipes, and involves the chance of mistake between two waters ; and it is
only likely to be of use under exceptional circumstances.

Drinking water is supplied from shallow, deep, and Artesian well sources :
rain, rivers, wells, springs, &c.

Rain Water.—As it falls through the air, rain becomes highly aerated
{average, 25 cubic centimetres per litre), the oxygen being in larger propor-
tion than in atmospheric air (32 per cent., or a little more) ; carbonic acid
constitutes 24 or 3 per cent. of the gas. It carries down from the air
ammoniacal salts (carbonate, nitrite, and nitrate), and nitrous and nitric acids
in small amount. The total quantity of nitrogen in ammoniacal salts,
nitrous and nitric acid, is ‘000985 grammes per litrs. In towns with coal-
fires it takes up sulphurous and sulphuric acids, and sometimes sulphuretted
hydrogen. The sulphates in rain increase, according to Dr Angus Smith,*
a3 we pass inland, and before large towns are reached ; they are, according
to this author, *the measure of the sewage in air” when the sulphur
derived from the combustion of coal can be excluded, but in this country
the exclusion could never be made. Free acids are not found with certainty,
according to Smith, when combustion and manufactures are not the cause.
The acidity taken as sulphuric anhydride was equal to ‘0097 grains per
aallon of rain in a country place in Scotland, and 1-0589 grains in Glasgow ;
in Manchester in 1870 it was ‘8416, and in London, *2713 grains. The
nitric acid in Glasgow was as much as ‘1705 grains per gallon, and in
London only “06188. Albuminoid ammonia was no less than -326 parts in a
million in London rain (A. Smith, op. cit. p. 363). Rain also carries down
many solid substances, as sodium chloride, in sea air; calcium carbonate,
sulphate, and phosphate ; ferric oxide ; carbon. It almost always contains
also a little nitrogenous organic matter, amounting in extreme cases to as
much as ‘35 grains per gallon. The total amount of solids (mean of 5
analysest) is 0032 grammes per litre, or 2-24 grains per gallon.

Occasionally micrescopic plants of the lowest order (as Protococcusr
plurialis and others) are present.

Rain also often becomes very impure from taking up substances (lead,
zine, &c.) from the receiving surface on which it falls, and it also often

* Air and Rain, 1872, p. 245.
4 Quoted by Moleschott, Phys. der Nadrungsmittel, 2d edit. p. 203.
B
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carries down portions of leaves, &c., into the pipes and reservoirs, which
slowly dissolve in it.

With regurd to rain as a source of supply.—The uncertainty of the rain-
fall from year to year, the length of the dry season in many countries, and
the large size of the reservoirs which are then required, are disadvantages.
On the other hand, its purity and its great aeration make it both healthy and
pleasant. The greatest benefits have resulted in many cases (especially in
some of the West Indian Islands) from the use of rain instead of spring or
well water, which is often largely impregnated with earthy salts. In all
places where the spring or well water is thus bad, as in the neutral ground
ut Gibraltar, rain water should be substituted. So also it has been sug-
gested 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.

Ice and Suwow Water.—In freezing, water becomes much purer, losing a
large portion, sometimes the whole, of its saline contents. Even calcium
carbonate and sulphate 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 rain water with the exception of rather less
ammonia. The amounts of carbonic acid and air are 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.

Dew has occasionally been a source of supply to travellers in sterile
regions in South Africa and Australia, or on board ship.

Spring, Well, and River Wuler.—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 as 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 times) in CO, than the air above. It then passes more or less deeply
into the earth, 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 is not fresh and sparkling.

The chemical changes and decompositions which occur in the soil by the
action of carbonic acid, and which are probably influenced by diffusion, and
perhaps pressure, as well as by temperature, are extremely curious,* but
cannot be entered upon here. The most common and simple are the solution
of calcium carbonate, and the decomposition of calcium and sodium silicate
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.

* These are given in detail by G. Bischoff, ¢ Chemical and Physical Geology” (Cavendish
Society’s edit.), 1854, vol. i. p. 2, et seq.; aud in “ Watt's Dictionary of Chemistry ;" Article,
Chemistry of Geology, by Dr Paul.
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Fed from a variety of sources, river water is even more complex in its con-
stitution 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 difter slightly in composition.

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
mineral waters, and to be unfit for drinking, expect as medicines. The im-
purities of water are not so much influenced by the depth of the spring as by
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
vearly mean. In very deep springs, or in some Artesian wells, the tempera-
ture of the water is high.

The substances which are contained in spring, river, and well waters are
noted more fully under the head of “ Examination of Water.” There may be
suspended matters, mineral, vegetable, or animal; dissolved gases, viz.,
nitrogen, oxygen, carbonic acid, and in some cases sulphuretted hydrogen,
and carburetted hydrogen ; and dissolved solid matters, consisting of hime,
magnesia, soda, potassa, ammonia, iron, alumina, combined with chlorine,
and sulphuric, carbonie, phosphorie, nitric, nitrous, and silicic acids. More
infrequently, or in special cases, certain metals, as arsenic, manganese, lead,
zinc, and copper may be present.

The mode of combination of these substances is yet uncertain ; it may be
that the acids and bases are equally distributed among each other, or some
other modes of combination may be in play. The mode of combination is
usually assumed to be as follows.* The chemist determines the amount of
each separate substance, and then calculates the combination as follows. The
chlorine 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 sul-
phuric acid, or if still in excess, with carbonic acid. Lime is combined with
excess of chlorine, or sulphuric acid, or if there be no sulphuric acid, or an
excess of lime, with carbonic acid. Magnesia is combined with carbonic acid.
So that the most usual combinations are sodium chloride ; sodium sulphate ;
sodinm carbonate ; calcium carbonate (held in solution by carbonic acid) ;
caleium sulphate ; calcium chloride and silicate ; and magnesium carbonate ;
but the results of the analysis may render other combinations necessary.

Distilled Water.—Distillation is now very largely used at sea, and affords
an easy way of getting good water from sea or brackish water. Almost any
form of apparatus will suffice, if fuel can be procured, to obtain enough
water to support life ; and if even the simplest appliances are not attainable,
the mere suspension of clean woollen clothing over boiling water will enable
a large quantity to becollected. At sea, salt water is sometimes mixed with
it from the priming of the boilers, and occasionally from decomposition of
magnesium chloride (probably), a little free hydrochloric acid passes off.
This can, if necessary, be neutralised by sodium carbonate.

As distilled water is nearly free from air, and is therefore unpalatable to
some persons, and is supposed indigestible, it may be aerated by allowing
it to run through a cask, the bottom of which is pierced with finie holes, so
as to expose the water to the air. Plans for aerating the water distilled from

* Fresenius, Quantitative Analysis, 3rd edit. p. 481.
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sea water have been proposed by Normandy and others, and are used in many
steamers. Organic matter, at first offensive to taste and smell in distilled
water, can be got rid of by passing through a charcoal filter, or by keeping
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 zinc pipes con-
taining lead in their 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 both 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
calcium carbonate ; organic matter is, however, generally in greater quantity,
as so much more vegetable matter and animal excreta find their way into it.
The water of a river may have a very difterent 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 calcium, magnesium, sodium, and a little iron.
The wells in the neighbourhood pass down into the soft new red sandstone
which lies below the millstone grit ; the water contains as much as 64'96
grains, and even, in one case, 96 grains per gallon ; in addition to the usual
salts, there is much calcium chloride and calcium, sodium, and magnesium
nitrates. 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.

SuB-SrcTiON II.—CHARACTERS AND CLASSIFICATION OF DRINKING WATERS.

The general characters of good water are easily enumerated. Perfect clear-
ness ; freedom from odour or taste ; coolness ; good aeration ; and a certain
degree of softness, so that cooking operations, and especially of vegetables,
can be properly performed, are obvious properties. But when we attempt a
more complete description, and assign the amounts of the dissolved matters
which it is desirable should not be exceeded, we find considerable ditference
of opinion, and also a real want of evidence on which to base a satisfactory
judgment. At the Sanitary Congress held at Brussels in 1853, it was decided
that the total solids ought not to exceed 05 grammes per litre (= 35 grains
per gallon), and the same amount had been previously laid down in the
¢« Annuaire des Eaux de la France pour 1851 ” (p. 14) ; but this statement
is really of little use, since this quantity of some salts would be hurtful, of
others harmless.

Still, an hygienic classification or enumeration of potable waters, based on
such facts as are generally admitted, will be useful. I have divided all kinds
of waters used for drinking into four classes :—

1. Pure and wholesome water.

2. Usable "
3. Suspicious ”
4. Impure »

And the following description will define these terms :—
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HYGIENIC CLASSIFICATION OF DRINKING WATERS.

1. Pure and Wholesome Water.

Characters.—It should be transparent, without suspended matters, smell,
or taste, and be well acrated. The total solids should not exceed 8 grains per
gallon, of which only one should be dissipated by heat, unless it be a chalk.
water, in which case the total solids should not exceed 14 grains per gallon
of calcium carbonate, and should contain only traces of calcium sulphate.
The matter destructible by heat (allowance being made for the decomposition
of calcium carbonate) should be under 1 grain, and should scarcely blacken ;
the indications of nitrites should be absent ; of nitrates and frée ammonia
extremely slight ; the amount of albuminoid ammonia should not be more
than -08 milligrammes per litre (= ‘0056 grains per gallon).

2. Usalle Water.

Characters.—It should be transparent and well aerated, without suspended
matters, or with only a small amount capable of easy separation by coarse
tiltration ; without smell or taste ; the total solids should not exceed 30 grains
pergallon, and should consist chiefly of sodium and calcium carbonates, sodinin
sulphate, and chloride, and with little calcium or magnesium sulphates. The
reactions of ammonia, nitrates, and nitrites should be quite inconsiderable.
On quantitative examination the albuminoid ammonia should not be more than
‘1 milligramme per litre (=007 grains per gallon). An exception may be
made as respects the amount of total solids in the case of waters containing
chiefly a mixture of sodium chloride and carbonate, in which case the con-
joint salts may, it appears, run up to 50 grains, or even more per gallon,
without apparent bad effects. The matters dissipated by heat should not be
more than three grains per gallon, and there should be reason to think that
the greater part of this is of vegetable origin.

3. Suspicious Water.

Characters.—Any water, if decidedly turbid, is suspicious, even if the
turbidity be separable by coarse filtration, or if there be smell or taste. So
also if the mineral matters are in large amount (over 30 grains per gallon),
especially if consisting chiefly of calcium and magnesium sulphate, nitrate or
nitrite, or chloride. If on dryingand incinerating there is considerable black-
ening, or if any quantity of potassium permanganate is readily destroyed, or
if the indications of nitrites and nitrates and ammonia are large, the water
13 suspicious.

4. Impure Water.

Claracters.—Any water so turbid as not to be purified by coarse filtration,
or with a decided smell or taste, or containing very large quantities of mineral
sabstances (over 50 grains per gallon), and over 4 grains per gallon of de-
structible (presumed) organic matter, if at the same time the indications of
nitrites, nitrates, and ammonia are large, is impure. If on evaporation to
dryness and careful incineration there is not only great blackening, but a
decided indication of nitrous acid fumes, or a smell of burnt horn, and if a
large amount of potassium permanganate is rapidly decolorised, the wator is
impure,

The waters belonging to the first and second class may be used ; those of
the thind, or suspicious class, should be well filtered before distribution, and,
if possible, should be again filtered in the house. A purer source should also
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be obtained if possible, and sources of sewage contamination ascertained and
prevented.

The waters of the fourth class should be entirely disused, or only be used
when a better source is not procurable, and means of purification (see page 26)
should then be systematically resorted to.

Sus-SecTioN III.—ORIGIN OF THE IMPURITIES IN DRINKING W ATER.

The origin of the impurities in water may be conveniently referred to four
heads, viz.,, 1. Substances derived from the source ; 2. Substances added
during the flow of the water in rivers, canals, aqueducts, or other conduits ;
3. Impurities caused by storage in reservoirs or tanks; and, 4. Substances
added during distribution from reservoirs either in pipes or water barrels, or
in house cisterns.

1. Impurities of Source.

The geological formation of a district necessarily influences the composition
of the water running through it, though it is impossible to tell with abso-
lute certainty what the constituents of the water may be. Formations
vary greatly, and the broad features laid down by geologists do not always
suftice for our purpose. In the middle of a sandy district, yielding usually
a soft water, a hard selenitic water may be found ; and instead of the pure
calcium carbonate water, a chalk well may yield a water hard from calcium
sulphate and iron. Still it may be useful to give a short summary of the
best known facts.

1. The Granitic, Metamorphic, Trap Rock, and Clay-Slate Wuters.—
Generally the granitic water is very pure, often not containing more than
two to six grains per gallon of solids, viz., sodium carbonate and chloride,
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. The water from hard trap-
rocks is pure, but if the trap be disintegrated the shallow wells sunk in it
are of course liable to be fouled by surface washings or soakage.

2. The Wuter from Millstone Grit and hard Oulite.—Like the granitic
water this is very pure, often not contammg more than four to ewht grame
per gallon of mineral matters, which consist of a little calcium and magnesium
sulphate and carbonate ; a trace of iron.

3. Soft Sand-Rock Waters.—These are of variable composition, but asa
rule are impure, containing much sodium chloride, sodium carbonate, sodium
sulphate, iron, and a little lime and magnesia, 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. Sometimes these
waters are pure and soft, or wells or springs, within a short distance, may
vary considerably in composition.

4. The Loose Sand and Gravel Waters.—In this case there is also a great
variety of composition. Sometimes the water is very pure, as in the case of
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 consist of a little calcium carbonate, sulphate, and silicate ; magnesium
carbonate ; sodium and potassinm chloride ; sodium and potassium sul-
phate; 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 tree 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 con-
sisting of sodium chloride, sodium carbonate, sodium sulphate, with calcium
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and magnesium 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.

5. Wuters from the Lias Clays vary in composition, but are often impure;
even 217 grains per gallon of mineral matters have been found. No
less 8 quantity than 88 grains of calcium sulphate, and 418 of magnesium
sulphate, existed in a water examined by Voelcker.

6. The Chall: Waters—The pure, typical, calcium carbonate water from
the chalk is very sparkling and clear, highly charged with carbonic acid,
and contains from 7 to 20 grains per gallon of calcium carbonate, a little
magnesium carbonate and sodium chloride—small and immaterial quantities
of iron, silica, potassa, nitric, and phosphoric acids. Sulphuric acid in com-
bination is sometimes present in variable amount ; organic matter is usually
in small amount. This is a good, wholesome, and pleasant water. It is
hard, but softens greatly by boiling.*

1. The Limestone and Magnesian Limestone Waters.—These are also clear,
sparkling waters of agreeable taste. They differ from the chalk in containing
usually more calcium sulphate (4 to 12 grains, or even more) and less carbon-
ate, and, in the case of the dolomitic districts, much magnesium sulphate
and carbonate. Organic matter is usually in small amount. They are not
0 wholesome as the chalk waters. They are hard, and soften less on boiling.

8. The Selenitic Waters.—Water charged with calcium sulphate (6 to 20
(Tains, or even more) may occur in a variety of cases, but it may sometimes
come from selenitic rocks. It is an unwholesome water, and in many persons
produces dyspepsia and constipation, alternating with diarrhcea. It is hard,
softens little on boiling, and is not good for cooking or washing.

9. Clay Waters.—Very few springs exist in the stiff clay ; the water is
chiefly surface, and falls soon into rivers; it varies greatly in composition,
and it often contains much suspended matter, but few dissolved constituents,
chiefly calcium and sodium salts.

10. Alluvial Waters.—(Alluvium is usually a mixture of sand and elay.)
Generally impure, with caleium carbonate and sulphate, magnesium sulphate,
sodium chloride and carbonate, iron, silica, and often much organic matter.
Uccasionally the organic matter oxidises rapidly into nitrites, and if the
amount of sodium chloride is large, it might be supposed that the water had
heen contaminated with sewage. The amount of solids per gallon varies
from 20 to 120 grains, or even more.

11. Surfuce and Subsoil Wuter.—Very variable in composition, but often
very impure, and always to be regarded with suspicion. 1feaths and moors,
on primitive rocks, or hard millstone 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
orzanic matter and salts in large quantity. Some soils contain potassium,
sodium, and magnesium nitrates, 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
caleium and sodium nitrites, nitrates, sulphates, phosphates, and chlorides.
The nitrates in this case probably arise from ammonia ; ammonium nitrite
being first formed, which dissolves large quantities of lime. Organic
matter exists often in large amount, and slowly oxidises, forming nitric acid

_* Sometimes the water drawn from the upper part of the chalk is really derived from ter- j
tiary sand lying above the chalk. The water contains less calcium carbonate, and more .
selium carbonate and chloride, and may be alkaline. '



24 WATER.

and ammonia.* In some cases butyric acid, which often unites with lime, is
also formed.

12. Marsh Water.—This always contains a lurge amount of vegetable
organic matter ; it i8 not unusual to find from 12 to 40 grains, and in some
cases even more. Suspended organic matter is also common. The salts
are variable, A little calcium and sodium, 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-yards.—Ammonium and calcium nitrites and
nitrates, and sometimes fatty acids, and much organic matter. Leiort found
a well of water at St Didier, more than 330 feet from a cemetery, to be
largely contaminated with ammoniacal salts and an organic matter which
was left on evaporation, The water was clear at first, but had a vapid taste,
and speedily became putrid.

14. Artesian Well Wuter.—The composition varies greatly. Insome cases
the water is 8o highly charged with saline matter as to be undrinkable ; the
water of the Artesian well at Grenelle contains enough sodium and potassinin
carbonates to make it alkaline; in some cases the water cuntains 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 ueration of the water is often
moderate. These last two points rather militate against the employment of
water from very deep wells.

15. Ruin Wuter may be contaminated by washing the air it falls through, but
more by the surface on which it falls, such as decaying leaves or other matter
on the roofs of houses ; it also takes lead from lead coatings and pipes, and
zinc from zine roofs.

2. Impurities of Transit from Source to Reservoirs.

Open conduits are liable to be contaminated by surface washings carrying in
finely divided clay, sand, chalk, and animal matters from cultivated land ; and
the leaves and branches of trees add their contingent of vegetable matters.
These impurities may occur in most cases, but in addition the refuse of houses,
trades, and factories is often poured into rivers, and all sorts of matters are
thus added. .

These impurities are broadly divided by the Rivers Pollution Commissioners
into “sewage” and “manufacturing;” under the former term all solid and
liquid excreta, house and waste water, and in fact all impurities coming from
dwellings are included ; under the latter term are placed all manufacturing
refuse, such as from dye and bleach works, tanneries, paper making, woollen,
silk, and metal works, &c.t

* C. Schmidt (quoted by Roth and Lex) has given the following comparative analysis of the
water of Dorpat :—

The normal water The water of the
Kives town wells gives
per lirre, per litre,

Total Salts . . 44820 1-16602
No, . . . . 0359 19202
NH, . . . . 00046 “QUTNS
NaO . . . . 00508 07656
KaO . . . . 00536 {07326
Cl . . . . 00642 11217

PO, . . . . 00wyl ‘003
In Dresden the same results have been found.
+ For a full account ot all these impurities, and the best mode of dealing with them, the
four Reports of the Rivers Pollution Commissioners must be reterred to.
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The very numerous animal and vegetable substances derived from habi-
tations are usually classed under the vague, but convenient term of * organic
matter,” a8 the separation of the individual substances is impossible. The
organic matter is usually nitrogenous, and Frankland has proposed to express
its amount in terms of its nitrogen (organic nitrogen), but this view is not
vet generally received on account of the difficulty of estimating the very
small quantity of nitrogen. The nitrogenous organic matter undergoes
gradual transformation, and forms nitrous and nitric acids and ammonia.
The exact steps of.this process are perhaps complicated. On keeping the
water the nitrites disappear, and in some cases the nitrates also gradually
diininish, perhaps from the action of bacteria. A. Miiller* found the residue
of a well water gave with soda hydrate a herring-like odour, which seemed
like trymethylamine.

Many of the * organic matters” in water are not actually dissolved, but are
so finely suspended that they pass through filtering paper. There is no
doubt that among this “ suspended organic matter ” many small plants and
animals are always included. It is probably owing to the variation in
the quantity of suspended organic matter (living and dead) that water from
the same source sometimes gives ditferent results on analysis, even though
the water be taken at the same time. During its flow in open conduits,
however, a species of purification goes on, by means of subsidence, the action
of water-plants, and to some moderate extent by oxidation. On the whole,
these processes appear in India to render river water, in spite of all the
contaminations it receives, purer than tank and well water.t The freedom
from noxious substances is also apparently greater in India in the quick
running streams, which may also depend upon purification taking place in
them.?

3. Impurities of Storage.

The chance of substances getting into the water of wells, and tanks, and
even of cisterns in houses is very great. Surface washings and soakage con-
taminate wells and tanks, and leakages from pipes, passage of foul air
through pipes, or direct absorption of air by an uncovered surface of water
introduce impurities into cisterns.§ It is singular in how many ways cistern
and tank waters get foul, and what care is necessary not only to place the
cistern under safe conditions at first, but to examine it from time to time to
detect contamination of the water. In India, especially, the tank water is
often contaminated by clothes washed near, or actually in, the tank ; by the
passage even of excrement directly into it, as well as by surface washings, so
that in fact in some cases the village tank is one of the chief causes of the
sickness of the people. There is, perhaps, no point on which the attention of
the sanitary ofticer should be more constantly fixed than that of the storage
of water, either on the large or small scale.

In shallow wells (4 to 30 feet deep) the soakage water from the ground
in loose soils of chalk and sand is often very impure. Thus in a town

* Roth and Lex, Militir-Gesundheitspfl. p. 16.

+ Palmer shows this clearly in & very interesting paper in the Indian Medical Gazette for
December 1670.

+ Much influence has been ascribed to oxidation, and doubtless in part correctly ; but Dr
Fruokland has shown its effect to be limited. 'The Irwell river, after passing Manchester, runs
1 miles to its junction with the Mersey without further material pollution, and falls over ¢
weirs ; yet the purification by oxidation is trifling. By syphoning water from one vessel to
another so as to represent a run of Y6 miles, the organic carbon was only reduced 6°4 per cent.
and the organic nitrogen 28-4 per cent.

¥ Agnod case of absorption by an open cistern of gasesfrom water-closets and urinals is
recorded by Druitt (Medical Times and Gazette, September, 1869). The water as supplicd con-
taived ‘08 parts per million of albuminoid ammonia ; after absorption, *17 parts.



26 WATER.

the well water often shows evidence of nitrites and nitrates and ammonia,
and of chlorine far in excess of river water in the neighbourhood, though
the strata are the same.* Occasionally, by constant passage of the water, a
channel is formed, which may suddenly discharge into the well ; and some of
the cases of sudden water poisoning have thus arisen.

A well drains an extent of ground about it in the shape of an inverted
cone. The area must depend on the soil ; in very loose soils a well of 60 to-
80 feet may perhaps drain an area of 200 feet in diameter on the surface,
but this must be considered as only a rude estimate. Professor Ansted states
that the deepest (non-Artesian) well will not drain a cone which is more
than half a mile in radius.

In some cases a well at lower level may receive the drainage of surround-
ing hills flowing down to it from great distances. Good coping stones, so as
to protect from surface washings; good masonry for several feet below the
surface of wells in very loose soils, so as to prevent superficial soakage, are
necessary in all shallow wells.

4. Impuritics of Distribution.

If water is distributed by hand, <.e., by water-carts, harrels, or skins, there
is necessarily a great chance of its being fouled. In India, where the water is
generally carried by water-carriers (Bhisties), inspection of the carts or skins
should be systematically made, and whenever it be possible, pipes should be
substituted for the rude method of hand conveyance. But even pipes may
contaminate water ; metals (lead and iron) may be partly dissolved; wood
rots, and if the pipes are occasionally empty impure air may be drawn into them
and be afterwards absorbed by the water. I have been informed that in
towns supplied on the constant system, when the pipes are becoming empty
the flow of water from a tap has drawn foul water or air through a pipe at
some distance, and in this way even the water of the mains has been
befouled.

Coal gas passing into the ground from leaking of gas pipes sometimes finds
its way into wells, or even into water pipes, though examples of this kind must
be rare. In Berlin, in 1864, out of 940 public wells, 39 were contaminated
by admixture with coal gas. A good instance is related by Mr Harvey,t
where the main pipes were often empty and gas penetrated into them.
Having regard to the cases in which gases from the soil (from leaking gas
pipes, sewers, &c.) find their way into water pipes, it would seem important
not to lay down water pipes near any other, or, what is better, have all pipes
in sub-ways where they can be inspected.

SECTION IIL
PURIFICATION OF WATER.
Without Filtration.

1. Exposure to Air in divided Currents.—This was a plan proposed by 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, 8o as to cause it to fall in
finely divided streams, or 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.

* Roth and Lex, Mil-Gesundsh. p. 43.
+ Food, Water, and Air, February 1872, p. 68.
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It soon removes hydrosulphuric acid, offensive organic vapours, and, it is said,
dissolved organic matter. The same plan has been used in Russia on a large
scale ; the water being allowed to fall down a series of steps, passing through
wire gauze as it does so. In Paris, also, it has been employed on the small scale.

2. Boiling and Agitation.—This plan gets rid of calcium carbonate, iron
in part, and hydrosulphuric acid, and lessens, it is said, organic matter. It
is uncertain how far boiling will destroy the poisons of the specific diseases.
It will not destroy bacteria, or at least their germs still live, and Lex found
some bacteria still moving rapidly, at a temperature of 127 C. Most fungus
spores are killed by boiling.

3. Aluminous Salts.—Alum has been used for centuries in India and China,
to purify water from suspended matters. It does this very effectually, if
there be calcium carbonate in the water ; calcium sulphate is found, and this
and a bulky aluminium hydrate entangle the floating particles and sink to
the bottom. Mr Alfred Bird has proposed aluminium tersulphate, which
is equally efficacious ; it is an acid liquid, containing about *4 grains of the
sulphate in each minim ; and M. Bellamy® has also proposed a modification
of the alum process, by adding additional potash to a solution of alum till
the precipitate is redissolved. The quantity of crystallised alum to be used
should be about 6 grains per gallon ; of Mr Bird’s fluid (sulphate of alumina),
20 drops.

From numerous experiments on purifications with crystallised alum, and
with Mr Bird’s patent liquid, I found the following effect to be produced,
with and without calcium carbonate in the water :—

Effect on Artificial Sewcage Water of different composition, the Seicage
Matter being partly dissolved purtly suspended.

Grains of oxygen
required to oxidise
at 140° F,, and in

Grains of the presence of
volatile matter sulphuric acid, per
per gallon. gallon.
1. Distilled water, containing volatile sewar'e}
matter and 8 grains of calcium carbonate 8-8 1-050
per gallon, .
Same as above, after precxpltatmg with 9 3.85 350
grains of crystallised alum per gallon . } ‘ 0
Same, with 18 minims of Bird's patent 420 638
liquid (aluminium sulphate), . } =
2. Distilled water, with sewage, but with only 9744
2-1 grains calcium carbonate per gallon, }
Same as No. 2, with 18 minims of Bird’s } 238
patent fluid, . "
Same as No. 2 with 54 minims of Bird’s } 21-0
patent fluid, . !
3. Distilled water, without calcmm carbonate,
the sewage matter being almost entirely 5 ‘805
dissolved and not suspended,
Same, with 68 grains of crystallised alum 476 700
4. Same water as No. 3, but with 5g rains of } 5- 805
calcium carbonate, )
Same, with 20 drops of Bird's lxqmd . 402 595
Same, with 68 grains of crystallised alum 476 595

* Comptes Rendus de I'Acad., Nov. 11, 1867, p. 799,
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It is clear from these and other experiments, not only that calcium car-
bonate ought to be in the water, but that the action of both alum and Bird’s
fluid is made more upon the suspended organic matters than upon those
actually dissolved ; and, indeed, having regard to the great ditticulty of insur-
ing that water is actually free from minute suspended matters, it is even a
question whether aluminous salts will act in any appreciable degree on dis-
solved organic matters. But on suspended matters, both organic and mineral,
the effect is very great indeed. Common alum and Bird’s liquid seemed to
me practically equal; but alum, being solid, is more convenient for
transport. *

If a sedimentous water is extremely soft, a little calcium chloride and
sodium carbonate should be put in before the alum is added.

4. Adddition of Lime Water (Clark’s patent).—By combining with carbonic
acid, it causes almost all the calcium carbonate previously and newly formed
to be thrown down. It also throws down suspended and perhaps dissolved
organic matters, and also, it is said, iron. It does not touch calcium and
magnesium sulphate and chloride.

5. Sodinm Carbonate, with boiling, throws down lime, and possibly a little
lead, if present.

6. Addition of Potassium or Sodium Permanganate (Condy’s red fluid).—
I have made some experiments with pure Condy's fluid to determmine the
value of the permanganate. It certainly readily removes the smell of sul-
phuretted hydregen and the peculiar oftensive odour of impure water which
has been kept in casks or tanks., If it forms a precipitate of manganic oxide,
it also carries down suspended matters; but the formation of this precipitate
is very uncertain. The action on the dissolved organic matters will of course
vary with the nature of the substance ; some of the organic matters, both
animal and vegetable, will be oxidised ;+ but it will not in the cold act even
upon the whole of these substances, and some organic matters are not
touched.

One objection to the use of the permanganate is that it often communicates
a yellow tint to the water, arising from suspended finely divided peroxide of
manganese. This is probably of no moment as far as health is concerned, but
it is unpleasant. Sometimes the addition of a little alum will carry down this
suspended matter ; boiling may be used, but often has no eftect. Sometimes
nothing removes it but charcoal filtration.

The indications for the use of permanganate are these. In the case of any
fonl-smelling or suspected water, add good Condy's fluid, teaspoonful by tea-
spoonful, to 3 or 4 gallons of the water, stirring constantly. When the least
permanent pink tint is perceptible, stop for five minutes ; if the tint is gone,
add 36 drops, and then, if necessary, 30 more, and then allow to stand for six
hours; then add for each gallon 6 grains of a solution of crystallised alum, and
if the water is very soft, a little calcium chloride and sodium carbonate, and
allow to stand for twelve or eighteen Lours. If not clear, or if discoloured,
filter through charcoal.

There are many cases in which this plan may be useful ; and as the per-
manganate certainly removes smells and oxidises in the cold to some extent,
it is a very gocd introduction to the alum process, and does work which alum

* The head-quarter wing of the 92d Highlanders, going up the Indus in 1868, suffered from
diarrheea from the use of the water ; the left wing used aium and had no diarrhaa.  The right
wing then used it and the diarrho:a disappearved. —/ndian Medical Goz., Aug. 1869, p. 158,

+ I have not been able to satisfy myself that I could detect either nitric or nitrous acid after
the treatment of dissolved sewage by alkuline permanganate. According to Schulze oxalic
acid is formed.
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alone will rot do. But it cannot be considered a complete purifier of water
from all organic matters. Its oxidising power is, however, very useful in
cleaning filters, as will be presently noted.

7. Perchloride of Iron.—It has been found that the water of the Maas in
Holland, which is turbid from clay and finely suspended organic matters, and
yives rise in consequence to diarrhea, is completely puritied by perchloride
of iron in the proportion of about 24 grains of the solid perchloride to
1 gallon of water.*

Use of the Strychnos potatorum.—In India the fruit of the Stryclhnos
potatorum is used, especially by the better class of Hindoos, to purify water.
It is beaten into a paste, and rubbed on the inside of the water jar or cask.
Dr Mouat informs me that it is chiefly used for the river water at the seasons
when it is laden with silt, and that about 30 grains are used for 100 gallons
of water, which act in twenty-four hours. Its acticn appears to be on sus-
pended matters, which it possibly carries down by giving to the water a deli-
cate albuminous coagulum, so that it purifies water on the same principle as
heer is fined.t Dr O’Shaughnessy thought its action was connected with its
astringency. I have made some experiments on its action, but without any
satisfactory result. I did not even find it cleared the water thoroughly
from suspended matters, and it had no effect on the amount of nitrous acid,
ammonia, or of oxidisable organic matters, as far as these could be judged
of by potassium permanganate. Renewed experiments are, however,
necessary.

8. Immersion of Iron Wire and Magnetic Oride of Iron (Medlock).—This
plan is said to decompose organic matter. Charcoal and ferric oxide are
sometimes mixed.

9. Immersion or boiling of certain Vegetables, especially those containing
tannin ; such as tea,} kino, the Laurier rose (Nerium Oleander, which is also
rubbed on the inside of casks in Barbary), bitter almonds (in Egypt).

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

To put these facts in another form :—

Organic matler is got rid of most readily by exposure to air, boiling,
agitation, charcoal, alum, potassium permanganate, astringents.

Carbonate of lime, by boiling and addition of caustic lime.

Sodium chloride, by filtration through a great depth of charcoal or sand.

Iron, by boiling and lime water, and in part by charcoal. Lead and
copper are also removed or lesser:ed by pure charcoal.§

* Chemical News, May 1869, p. 239.

4 Pereira. Pharmaceutical Journal, vol. ix. p. 478.

% In the north of China, and especially during winter, the water of the Peilio hecomes very
impure, and contains not only suspended matters, but dissolved animal matter in large quantity,
which gives the water a disagreeable offensive smell. The Chinese never drink it except as teu,
which iz cooled with a lump of ice, if it is desired to drink it cold. In this way they secure
themselves from all bad etfects of this water (Friedel, Das Klima Ost-Asiens, p. 60). The
Europeans use alum and charcoal ; but these do not always entirely remove the taste. The
Tartars also use their ““ brick tea” to purify the water of the steppes, which would otherwise
be undrinkable.

§ Chevalier, Traité des Désinfect., p. 147.
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Calcium and magnesium sulplate and chloride 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
cffect, apparently from the large quantity of oxygen they give out; and this
takes place sometimes though the water itself is green.

With Filtration,

Sand and Gravel—On the large scale, water is received into settling
reservoirs, where the most bulky substances subside, and is then filtered
through gravel and sand, either by descent or ascent, or both.*

The London water companies usually employ a depth of 3 to 5 feet ; in
the latter case, the upper stratum of 18 inches or 2 feet is composed of
sand, the lower 3 feet are made up of gravel, gradually increasing in coarse-
ness, from pieces the size of a small pea and bean to that of a middle-sized
potato. A stratum of oyster shells, about 14 inch in thickness, has been
used by some companies instead of a layer of gravel, but this plan is not
general.  If the filter is 3 feet in thickness, the upper 15 inches are sand,
and the lower 21 inches are gravel.

The pressure of water in these filters is not great ; the depth of water is
never above 2 feet, and some companies have ouly 1 foot; from 70 to 75
gallons is the usual quantity which should pass through in 24 hours for each
square foot ; but some companies filter more quickly, viz., at the rate of a
zallon per 24 hours for each square inch, or 144 gallons per square foot.

The sand should not be too fine ; the sharp angular particles are the best.
The action secms chicfly, perhaps altogether, mechanical ; the suspended
impurities, both mineral and organic, rub upon and adhere to the angles
and plane surfaces of the sand, which are gradually encrusted, and after a certain
time the sand has to be cleaned. The effect on suspended matters, both or-
ganic and mineral, is certainly satisfactory. On dissolved organic matter it is
less so.t Mr Witt's experiments show only a removal of about 5 per cent.

I have made some experiments on a sand filter of 1 square foot surface,
and made in imitation of a London water company’s filter, viz. 15 inches of
iine, well washed white sand, and 20} inches of gravel, gradually in-
creasing in coarseness. The first eight gallons were thrown away, so as
to avoid the fallacy of including the distilled water with which the sand
had been washed.

This sand filter had the following effect, as shown by the table :—

It took away three-quarters of the colour.
It lesscned the total solids by . . . . 7063 grains.
’ ’ mineral solids by . . . . 4703

’ ” volatile solids by . . . . 236 v
” » total amount of oxygen required for

oxidation by nearly half, or . 1546,
’ »  hardness by . . . . . 461°
” »»  chlorine by . . . . . 06
» » free ammonia . . . . 0042
” ” albuminoid ammonia . . . 0126

* A good account of the engineering plans and filtration of the London Water Companies

;vill7be found in a work called *‘ The Water Works of London,” by Messrs Colburn & Shaw,
867.

4+ In a sand and gravel filter, 33 inches in thickness, Mr Shield (Proc. Inst. of Civil En-
gineers for 1867) gives the following numbers :—The original amount of organic matter being
8906 grains per gallon, the amount after filtration was as follows—after 23 hours’ action,
1012 ; after 120 hours, ‘648 : after 240 hours, ‘917 ; after 376 hours, ‘809. So that, while, on
the whole, the sand removed some organic matter, the amount was really inconsiderable.
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ANALYSIS OF A CHALK WATER IN GRAINS PER GALLON.

'
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These experiments also showed that the effect of the sand in arresting
lime salts was limited; it stopped organic matter after it had ceased
to arrest lime. After a longer time it became useless, and required
washing. )

It isgyet uncertain whether the action of sand on organic matter is at all
chemical, %.e., whether the organic matter is oxidised in its transit ; con-
sidering what an amount of air is contained in the interstices of sand, and
how finely the water is divided in its transit, some amount of oxidation is
probable, but good chemical evidence is yet wanted. Mr Shield’s experi-
ments, given in the note, seem to me opposed to the probability of much
chemical action. On dissolved mineral matters sand exerts at first, and
when in thick layers, a good deal of action ; much sodium chloride can be
removed ; and Professor Clark has stated that even lead can be got rid of by
filtering through a thick stratum. Very finely divided clay seems to pass
through more readily than any other suspended matters,

The fine white sand is the best; it should be chosen carefully, and well
washed, and, if possible, heated to redness before use.

Instead of sand and gravel, trap rock has been used.

Sponge.—Sponge has a considerable effect in mechanically arresting sus-
pended particles. I took two sponges, weighing 255 and 155 grains, and
pressed them into glass funnels ; 11 gallons of sedimentous water of known
composition were passed through each sponge. The total sediment in the
11 gallons weighed 273'7 grains; the larger sponge removed 257 and
the smaller 252 grains. On dissolved matters sponge has little effect, as
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shown in.the next table. Three sponges, weighing 611, 409, and 365 grains,
were taken, and an artificial sewage water was poured slowly through.

Grains per Gallon. |
Total Mineral ( Destructible | Oxvgen required
Solids. | Solida | Solids. for oxidation, |
Unfiltered . . 18| 42 | 14 280
Filtered through largest sponve J 175 | b6 119 2:66 :
Filtered through middle - sized 182 | 49 14 275 |
sponge .
Filtered through smal]est sponge ] 175 | 56 11-9 2-80

Animal Chareoal.—Pure animal charcoal (deprived of calcium phosphate
and carbonate by washing or by hydrochloric acid) is now considered the
best filtering material. The particles of charcoal should be well pressed
together, and the passage of the water should not be too quick. Contact
with the water for about four minutes appears about the best time.* There
i8 a general agreement that there is a large removal of suspended matters,
both mineral and organic ; water even deeply tinged comes through a good
charcoal filter very clear and bright. So also there scems no doubt that some
dissolved organic and mineral matters are also removed by charcoal in the
first instance.  All evidence agrees in respect of that point. But a serious
difference of opinion exists as to the mode and permanence of action of
animal charcoal.

Thus, Mr Byrnet has shown that with a filter of charcoal weighing 4§ lbs.,
through which 12 gallons of water (containing 10-8 grains of organic
matter per gallon) were passed in 24 hours, the purifying effect was equal to
a removal of 55} per cent. of the organic matters from the first gallon, but
this gradually declined until at the fourth gallon only 1-33 per cent. was
removed, and at the eighth gallon the action was reversed, and organic
matter was given back %o the water. Exception has been taken in two
ways to this experiment—first, as regards the chemical proof of the organic
matter, and secondly, as to the inference drawn from the experiment. As
regards the first point, it appears to me diflicult to set aside Mr Byrne’s
facts, and I think they must be accepted ; as regards the second point,
instead of the animal charcoal exerting no action, it might have been
simply called on to do more than could be expected ; for the purifying eitect
of no substance is inexhaustible.f This supposition does not appear
probable, however, as only 43 grains of organic matter had gone through
43 1bs. of charcoal before the purifying power of the charcoal was virtually

* On this point there is some difference of opinion, as will be seen on reference to the
debates on Mr Byrne's paper in the Proceedings of the Institution of Civil Engineers for 1867,
Dr Letheby advoeates a slow filtration, while Dr Frankland considers that a rapid flow is
suflicient ; on passing 41.000 gallons in one day thirough coarse charcoal, 3 feet in thickness,
he found half the organic matter removed. With a head of 22} feet of water, he has
*n«ed in 24 hours, as much as 90,734 gallons per square foot through 34 inches of charcoal ;
at. in this case the purifying effect is not stated. Dr Frankland has, therefore, vecommended
that the water supply of a town shall be filtered through animal charcoal. The cost, how-
ever, would be large, though there is no doubt the water can be got through at a sufficient
rate.

+ Proceedings of the Institution of Civil Engineers for 1867,

t From experiments at Netley, conducted by Mr Sylvester, Apothecary to the Forces,
it was found easy to foul charcoal by passing through it a strong solution of organic matter,
but the power was easily restored by cleansing the filter with a little potassium permanganate.
The cessation of power must depend upon the relative amounts of the organic watter and
charcoal, but the quantitative relations were not settled.
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exhausted. The inference from Mr Byrne’s experiments is supported by a
statement by Mr Chapman,* who recovered from charcoal the amount of
organic matter which had been previously removed by it from a water.
This would almost seem to settle the point, were it not that there is strong
and apparently indisputable evidence on the other side. In the debate on
Mr Byrne's paper, both Dr Letheby and Dr Frankland brought forward
facts to show that animal charcoal not merely arrests but chemically
changes organic matter, and that this power is retained for a long time.
Thus Dr Letheby obtained some charcoal which had been in use for two
years, and through which it was calculated 292,000 gallons had passed.
The charcoal still deprived water of colour and of organic matter, as judged
of by permanganate and distillation with potash for ammonia, The char-
coal being then analysed, gave the following results :—

4 ounces from top of filter gave -321 grains of ammonia,
”» ” middle ” .l 6 2 ” »
” » bottom ” 240 ” ”

The organic matter had not then accumulated ; what had become of it ?
Water with organic matter having passed through this old charcoal, nitrites
appeared in the filtrate. It had therefore been oxidised.

Dr Frankland's experiments were made on water containing small quan-
tities of organic matter, but showed permancnce of action after 5000
gallons had gone through. -

Taking these experiments in connection with the older experiments of
Witt, which showed a removal of 88 per cent. of organic matter, and with
those of Gaultier de Claubry, and with the numerous experiments on char-
coal filters, the reading of the facts seems to be that charcoal must have a
chemical as well as a mechanical effect, but that the limits of purification
are sooner reached than was supposed, if the organic matter be large, so
that a more frequent cleansing is required. When, however, the amount of
ormanic matter is small (under 1 or 2 grains per gallon), the action is very
permanent. Dr Frankland has suggested that there may be two kinds of
orzanic matter in water, one of which is not acted on by charcoal.

Vegetable and Peat Charcoal.—The effect of both these is decidedly
inferior to animal charcoalt (Frankland and Byrne).

Iron and Charcoal.—Animal charcoal mixed with spongy iron obtained
from the refuse of copper pyrites is said to be a very good purifier.

Domestic Filters.—On a small scale, a number of substances have been
used, such as animal and vegetable charcoal made into blocks, or fine silica
impregnated with charcoal (silicated carbon filters), hematite and magnetic
iron ores, the so-called magnetic carbide, manganic oxide, flannel, wool,
sponges, porous sandstones (natural and artificial), &e.

The Souchon filters, which are much employed in Paris, are made of
diaphragms of wool, which is partially tanned by boiling in solution of alum
and cream of tartar, then dyeing in infusion of gall-nuts, and washing in

* Made in the debate on Mr Byrne's paper. See Proceedings of the Institution of Civil
Engineers for 1867. Mr Shield’s experiments on charcoal, the size of walnuts, recorded in the
same debate, give the following results : —

Original water. After 67 hours. After 91 hours. After 115 hours. After 139 hours.

Amount of or- B . o '
ganic matter, } 1.430 475 478 62 971
Percentage re- » 6678 68 5667 391

moved,
Charcoel in granules did not act quite so well. .
+ Frankland, indeed, seems to consider wood charcoal useless. (Proceedings of Inst,

Civil Engineers, 1867.)  Debate on Mr Byre’s paper.
C
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solution of sodium carbonate. The filter of M. Fouvielle, also used in Paris,
is composed of nine layers of sponges, pounded sandstone, and gravel.

The best filters now in the market are made either of animal charcoal or of
the so-called magnetic carbide of iron. I have examined a number of filters
of this kind, but, for obvious reasons, I do not wish to give either the names
of the makers or the tabular results. I found, however, that in most cases the
action was very satisfactory.  Suspended matters were almost entirely re-
moved, and a considerable amount of dissolved organic matters was also
taken out, and the action seemed to continue if no excessive impurity was
used. Individual filters, even from the same maker, differ in their action;
but on an average there is no charcoal or magnetic carbide filter now in the
English market which cannot be relied on to remove 40 per cent. of dissolved
organic matter, and in some cases it is much more ;* the amount of nitrites,
emmonia, and of hardness (chiefly carbonate of lime), is also lessened, and
chloride of sodium is arrested by several filters to some extent. On the
whole, a very useful purifying effect is produced even on dissolved matters,
and it is hardly conceivable that, in the best charcoal or carbide domestic
filters, any ova or even smaller living substance could pass through.

Cleansing of Filters.—But there is a limit to all purifying powers, and the
action of all filters is therefore temporary. After a time, which depends on
the amount of impurity of the water, they become clogged ; the substances
which block them are organic matters (probably suspended) and lime salts.
Sodium chloride, after being arrested for some time, may be given off again,
and thus seldom long remains in a filter. Instead of taking the filter to
pieces when they are clogged, the following plan may be resorted to :—Every
two or three months (according to the kind of water) air should be blown
through, and if the charcoal be in the block form it should be brushed.
Then 4 to 6 ounces of the pharmacopcial solution of potussium permanga-
nate, or 20 to 30 grains of the solid permanganate in a quart of distilled
water, and 10 drops of strong sulphuric acid, should be poured through,
and, subsequently, a quarter to half an ounce of pure hydrochloric acid in
2 to 4 gallons of distilled water. This both aids the action of the perman-
ganate, and assists in dissolving manganic oxide and calcium carbonate.
Three gallons of distilled or good rain water should then be poured through,
and the filter is fit again for use. This plan would be useful on foreign
stations, where the filter cannot be sent home or taken to pieces ; if it can be
taken to pieces, the charcoal should be spread out in a thin layer, and exposed
for some time to air and sun, or heated in an oven. If sponges are at all
used, they should be removed from time to time, and thoroughly washed
in hot water. If the filtering material is composed of a solid plate or ball,
the surface should be brushed or scraped.

If the charcoal can be taken out it should be washed, then boiled with a little
Condy's fluid, then spread out in the sun or in an oven and dried. If means
exist it can be re-burnt. All kinds of charcoal, and, of course, most domestic
filters, give off at first some substances to water ; a certain amount of pre-
liminary washing out with pure water is desirable.t Among other substances,

* I examined six filters from one maker, and found the average removal of organic sewage
matter to be 74:5 per cent. ; the greatest being 9, and the least 562 per cent. The action was
also fairly permanent, though cleansing was sometimes necessary.

+ Ihave found that an interchange sometimes takes place in a filter. 1 passed some calcium
sulphate and nitrate water through a new charcoal filter; the sulphuric acid was entirely
removed, and the nitric acid partly so; their place was taken by phosphoric acid. It has
occurred to me whether a selenitic water might not be made more wholesome by thus sub-
stituting phosphoric acid, by leaving the calcium phosphate in the charcoal, or supplying it
from time to time.
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caleium phosphate is taken up from animal charcoal, and even with a minute
quantity the water will not act on lead (Frankland).

Small filters, as now sold in the market, may be divided into several
kinds :—

1. Syphon cistern filters, which are placed in the water to be purified, and
through which the water rises.  The filter is often put in the cistern, and, of
course, the delivery pipe always contains freshly filtered water. A very good
one of this kind made of animal charcoal has been lately proposed by Dr F.
N. Macnamara, of Calcutta, and is likely to be of great service in India.

2. Pipe filters, in which the filter is placed in the course of the delivery
pipe ; the effect is the same as with the syphon, but the flow may be quicker,
as a greater pressure can be obtained. Both of these plans are very useful.

3. Common domestic filters, of various kinds, filled by hand.

4. Pocket filters, usually of the syphon kind, or made of a hollow block of
charcoal, with a tube passing into the interior cavity, the water passes from
without into the cavity.

5. Ship Filters.—Captain Crease, R.M.A., has arranged a very useful tank
filter for ships ; it is an iron box cemented inside by a process patented by
Captain Crease, and divided into two parts by a partition ; on one side are
10 to 12 inches of sand, on the other is a corresponding amount of animal
charcoal, or charcoal is placed on both sides ; a plate and screw lies on both
sand and charcoal, so that they can be compressed to any desired extent ;
and the water enters on one side, passes down through the sand, and ascends
through the charcoal. I have examined this filter carefully and find its
power to be very great. It removes oily matter, which is so often found
in condensed water, and both the sand and charcoal are easily taken out and
cleaned.

SECTION IV.

EFFECTS OF AN INSUFFICIENT OR IMPURE SUPPLY OF
WATER.

Sus-SecTiON I.—INSUFFICIENT SUPPLY.

The consequences either of a short supply of water for domestic purposes,
or of difficulty in removing water which has been used, are very similar, On
this point much valuable information was collected by the Health of Towns
Commission in their invaluable Reports.* It was then shown that want of
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 unclean-
liness 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
cases, 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.

18;ﬁl"im’c and Second Reports (with evidence) of the Health of Towns Commission, 1844 and
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The deficiency of water leading to insufficient cleansing of sewers has a
great effect on the spread of typhoid and of choleraic diarrheea ; and cases
have been known in which outbreaks of the latter disease have been 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 be taken, 8o as to keep the amount
in the body within certain limits. But when circumstances prevent the
supply of water, it is well known that the wish to drink becomes so 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 body diminishes* the elimination of the pul-
monary carbonic acid, the intestinal excreta, and all the important urinary
excreta.

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 becomes almost
impossible, and it is wonderful to see 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, and it is very important that the supply
should be by small quantities of water being frequently taken, and not by a
large amount at any one time. The restriction of water by trainers is based
on a misapprehension : a little water, and often, should be the rule. (See
ExErcisk.)

Sve-SectioNn II.—IypUurRe SvurrLy.

At present, owing probably to the difficulty of making analyses of waters,
the exact connection between impure water and disease does not stand on so
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 some
mineral ingredients, such as calcium carbonate, are useful.

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

In some of these cases, however, very little careful inquiry has been made
into the state of health of those using the water, and that most fallacious of
all evidence, a general impression, without a careful collection of facts, has
often been the only ground on which the opinion has been come to. As well
ohserved by Mr Simon, in one of his philosophical Reports,t we cannot
expect to find the effect of impure water always sudden and violent ; its
results are indeed often gradual, and may elude ordinary observation, yet be

® The experiments of Falck and Scheffer on animals, and of Mosler on men and women, are
here referred to.
1 Second Annual Report to the City of London, p. 121,
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not the less real and appreciable by a close inquiry. In fact, it is only 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 custom. In some cases it is by no means impro-
bable 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 puri-
fication in some way. This much seems to be certain, that as precise inves-
tigations proceed, and, indeed, in proportion to the care of the inquiry and
the accuracy of the examination, a continually increasing 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 fre-
quency and importance of this mode of origin of some diseases.

Animal organic matter, especially when of fwecal origin ; vegetable organic
matter, when derived from marshes ; and some salts, are the principal noxious
ingredients.

Of the hurtful substances, the suspended animal, and especially fiecal
matters, are probably the worst. At least, it is remarkable how frequently,
both in outbreaks of diarrhcea and typhoid fever, the reports notice tur-
. bidity, discoloration, and smell of the water. It is this fact which makes
the examination of colour and turbidity so important. The thoroughly dis-
solved organic matters appear less hurtful ; at least there is some evidence
that perfectly clear waters, though containing much matter dissipated by
heat, and consisting of dissolved organic matter or its derivatives, are often
taken without injury. Probably, also, the more recent the fwecal contamina-
tion, the more injurious, since the most poisonous attacks on record have
been in cases of wells into which, after slow percolation for some time, a
sudden gush of sewage water has taken place.

It has been frequently stated that the readily oxidisable organic matters
in water are the most dangerous. This opinion has probably arisen from the
idea that a substance in rapid chemical change is more likely to excite some
corresponding and hurtful action in the body ; and it may be true, but there
is no evidence, to my knowledge, which can be trusted on the point. There
is, on the other hand, some evidence that animal matters forming fatty acids
give rise to salts which, though not oxidising into nitrous and nitric acid, are
as hurtful as the more oxidisable substances.

Of late years, too, an opinion has been expressed that the amount of the
mineral substances is of little consequence. This can be true only in a
limited sense; there are somne mineral substances, such as sodium chloride,
or carbonate, or calcium carbonate, which, within certain limits, appear to
do no harm. But in the case of other minerals, such as calcium and nagne-
sium sulphates and chlorides, and calcium nitrate, there can be little doubt
that their use is injurious to many persons. It seems also probable that a
combination of impurities, and especially the co-existence of organic matter
and calcium sulphate, is hurtful ; at least the analysis of waters which have
decidedly produced injury often shows that the impurities have been
numerous.

As far as at present known, the existence of infusoria of different kinds is
not hurtful, though they may indicate by their abundance the presence of
organic impurity. The effect of mierozymes, algax, or fungi in drinking water
is also a matter of which nothing is known, though it is very probable that
future research may bring out something important in this direction.

The most practical way of stating the facts connected with the production
of disease by water will be to enumerate the diseases which have been traced
to the use of impure water, and to state the nature of the impurities.
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1. AFFECTIONS OF THE ALIMENTARY MUCOUS MEMBRANE.

It is reasonable to suppose that the impurities of water would be likely to
produce their greatest etfect wpon the membrane with which they come tirst
in contact. This is in fact found to be the case.

Affections of the Stomach— Dyspepsia.

Symptoms which may be referred to the convenient term dyspepsia, and
which consist in some loss of appetite, vague unecasiness or actual pain at
the epigastrium, and slight nausea and constipation, with occasional diarrheea,
are caused by water containing a large quantity of calcium sulphate and
chloride, and the magnesian salts. Dr Sutherland found the hard water of
the red sandstone rocks, which was formerly much used in Liverpool, to
have 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 dyspeptic
complaints. It isa "well-known fact that grooms object to give 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 determined,
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 calcium sul-
phate, and 13 grains of sodium chloride 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 calcium carbonate was 22 ; the calcium sul-
phate 11, and the sodium chloride 14 grains per gallon.

Iron, in quantities sufficient to give a slight chalybeate taste, often pro-
duces slight dyspepsia, headache, and general malaise. Custom seems to
partly remove these effects.

Diarrhea.

Many conditions produce diarrhcea.

(a.) Suspended Mineral Substances,.—Clay, marl—as in the cases of the
water of the Maas, the Mississippi, the Missouri, Rio Grande, Kansas,* of
the Ganges, and many other rivers, will at certain times of the year produce
diarrhcea, especially in persons unaccustomed to the water. The hill
diarrhwa at Dhurmsala is produced, apparently, by suspended very fine
scales of mica.}

b.) Suspended Animal, and especially Fecal Matters, have produced
diartheea 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 suspended sewage, it is important to
ohserve that the symptoms are often markedly choleraic (purging, vomiting,
cramps, and even some loss of heat). This point has been again noticed by
Oldekop of Astrachan,} who found marked choleraic symptoms to be pro-

* Hammond's Hygiene, p. 218.
* Whitwell, #ide Dr Macnamara’s 8th Report on Potable Waters in Bengal, Appendix, p. 44.
% Virchow's Archiv, band xxvi. p. 117.



EFFECTS OF IMPURE WATER. 39

duced by the water of the Volga, which is impregnated with sewage.
Seven cases in one house of violent gastro-intestinal derangement (vomiting,
diarrheea, colic, and fever), produced by water contaminated by sewage which
had passed into the cistern, are recorded by Dr Gibb.* In .the prison at
Halle an outbreak of diarrhcea was traced by Dolbruck to the contamination
of water with putrid substances. In St Petersburg the water of the Neva,
which is rich in organic substances, gives diarrhoeea to strangers.t

Suspended animal and vegetable substances, washed oft the ground by
heavy rain into shallow wells, often produced diarrheea, as at Prague in
1860, when an endemic of “ catarrh of the alimentary canal ” was produced
by heavy floods washing impurities into the wells.}

(¢.) Suspended Vegetable Substances.—In this country, and also in the
late American civil war, several instances have occurred of diarrhcea arising
{rom the use of surface and ditch water, which ceased when wells were sunk ;
possibly there might be also animal contamination. It is not, therefore,
auite certain that suspended vegetable matter was the vera causa. Assistant-
Surgeon Gore has recorded a violent outbreak of diarrhcea at Bulama, on
the west coast of Africa,§ produced by the water of & well ; the water was
itzelf pure, but was milky from suspended matters, consisting of debris of
plants, chlorophyll, minute cellular and branched alge, monads, polygas-
trica, and minute particles of sand and clay. When filtered the water was
quite harmless.

(d.) Dissolved Animal Organic Muatter—The opinion is very widely
diffused that dissolved and putrescent animal organic matter, to the amount
of 3 to 10 grains per gallon, may produce diarrhaa. This is possibly cor-
rect, but two points must be conceded—1sf, That there are usually other
impnrities which aid the action of the organic matter ; and 2d, That organic
matter, even to the amount of 10 to 15 grains per gallun, may exist without
bad effects, if it be perfectly dissolved. In the latter case the water is,
however, always clear and sparkling, never tainted or discoloured. The
frequent presence of other impurities renders it difticult to assign its exact
influence to dissolved organic matters.

In the case of a well-ventilated court in Coventry,|| where diarrhwa was
coustantly 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
tixed salts, which, as the water had a permanent hardness of 51°:6 (Clark's
scule) after boiling, must have consisted of calcium and magnesium sulphates
and chlorides. It also contained alkaline salts, nitrates, and ammonia. The
composition was therefore so complex, that it is difficult to assign to the
organic matter its share in the effects.

The animal organic matter derived from graveyardsappears to be especially
hurtful ; here also ammonium and calcium nitrites may be present.

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

(f) Fwtid Gases.—Water containing much sulphuretted hydrogen will
cive rise to diarrhcea, especially if organic matter be also present. In the
late Mexican War (1861-62), the French troops suffered at Orizaba from a
peculiar dyspepsia and diarrheea, attended with immense disengagement of
#as and enormous eructations after meals. The eructed gas had a strong

* Pritivh Medical Journal, Oct. 1870.

+ llisch, quoted by Roth and Lex, Mil. Gesundheitspfl., p. 24.

< Canstatt's Jahresh. 1862, vol. ii. p. 31.

§ Feport on Hygiene by the Author, ¢ Army Medical Report.” vol. v. p. 428,

li Greenhow, in Second Report of the Medical Ofiicer of the Privy Council, 1860, p. 75.
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smell of sulphuretted hydrogen.* This was traced to the use of water from
sulphurous and alkaline springs ; even the best waters of Orizaba contained
organic matter and ammonia in some quantity. The experiments of Pro-
fessor Weber have shown what marked effects are produced by the injection
of sulphuretted hydrogen in solution in water into the blood; is it possible
that water containing animal organic matter may occasionally form SH, after
absorption into the blood, and that the poisonous eftect of some water may
be owing to this? The symptoms of poisoning by water contaminated by
sewage are sometimes very like those noted by Weber in his experiments,
viz., diartheea and even choleraic symptoms (lowering of temperature) and
irritation of the lungs, spine, liver, and kidneys.

The absorption of sewer gases, as when the overflow-pipe of a cistern opens
into the sewers, will cause diarrthcea.  This seems perfectly proved by the case
recorded by Dr Greenhow, in Mr Simon’s second report.t

(9.) Dissolved Mineral Matters, if passing a certain point, produce
diarrheea. Boudin refers to an outbreak of diarrhcea at Oran, in Algiers,
which was distinctly traced to bad water, and ceased on the cause being re-
moved ; the composition of the water is not explicitly given, but it contained
lime, magnesia, and carbonate of soda. Sulphates of lime and magnesia
also cause diarrheea, 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 diarrhcea, and he traced this to the water, which “con-
tained a very large proportion of sulphate of lime and other purgative
salts ;” and he tells us that Pinel had noticed the same fact twenty years
before in a particular section of the Salpitritre. In some of the West
Indian stations, the water drawn from the calcareous formation has been long
abandoned, in consequence of the tendency to diarrheea which it caused.

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 im-
pregnation with butyrate of lime (105 grains per gallon), which was derived
from a trench filled with decomposing animal and vegetable matters.§

Brackish water (whether rendered so by the sea, or derived from loose
sands) produces diarrheea in a large percentage of persons, and at some of
the Cape frontier stations water of this character formerly caused much
disease of this kind. In a water I examined, which became brackish from
sea water, and which produced diarrhcea 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.—Occasionally animal organic matter acts inan
indirect way, by producing nitrites and nitrates, which act on metals.

Dr Bedeker,)|| 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 contained a con-
siderable quantity of copper, which seemed to be in combination with some
organic matter.

* Poncet, in Rec. de Mém. de Méd. Mil. 1863, p. 218. The exact words are ‘ une odeur
d’acid sulfurique,” but ¢“sulf hydrique ” must be meant.

+ Second Report of the Medical Ofticer of the Privy Council, Parl. Paper, 1860, p. 153.

1 Hygitne Publique, t. i. p. 236.

§ Zeitschrift fiir Hygiene, vol. i. p. 166. See also a remark on the effect of calcium and
pI())t.assinm nitrate in causing a tendency to diarrhoca in the Report on the Drainage of Berlin
(Die Kanalisation von Berlin, 1868, pp. 27, 28).

|| Pappenheim’s Beitriige, heft iv. p. 49.
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Lead (as might have been anticipated) was also largely present in this
water, as leaden pumps were used ; iron, on the contrary, was not dissolved.

Dysentery,

Dysentery also is decidedly produced by impure water, and this cause ranks
high in the etiology of dysentery, though perhaps it is not the first.

Several of the older army-surgeons refer to this cause. Pringle does so
several times, and Donald Munro, in the Campaigns in Flanders and Germany.
In the West Indies, Lempritre,* 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
Port Royal the dysentery was owing to brackish water. It was not, how-
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.

Davist mentions as a curious fact, in reference to the West Indies, that
ships’ crews, when ordered to Tortola, were * invariably seized with fluxes,”
which were caused by the water. But the inhabitants who used tank (z.c.,
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, seems also
quite conclusive as to the effect of impure water in causing, not merely
isolated cases, but a wide-spread outbreak.}

In 1860, at Prague, there 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 almost to be mentioned (Annesley ;
Twining). Its constant prevalence at Secunderabad, in the Deccan, appears
to have been partly owing to the water which percolated through a large grave-
yard. One of the sources of water contained 119 grains of solids per gallon,
and in some instances there were 8, 11, and even 30 grains per gallon of
organic matter. (Indian Report, p. 44.)

Champonillon§ has lately recorded a case in which two regiments used the
impure water from the Canal de I'Ourcq, near Paris. One regiment mixed
the water with coffee or red wine, the tannin of which united with the organic
matter ; this regiment had no dysentery. The second regiment used brandy,
which precipitated the organic matter on the side of the vessel, where it
putrified. This regiment suffered from dysentery ; the substitution of red
wine for brandy stopped the disease.

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

* Vol. i. R 25.

1 On the Walcheren Fever, p. 10. -

1 See a review by the author on Dysentery, in the ¢ British and Foreign Medical and Chir-
urgical Review” for 1847, for fuller details of this epidemic.

§ Rec. de Mém. de Med. Mil. 1871, Sept. p. 230.
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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
J. 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
as those which cause the allied condition, diarrheea.  Suspended earthy
matters, suspended animal organic matter, calcium and magnesium sulphates
and chlorides, calcium and ammonium nitrates, large quantities of sodium and
magnesium chlorides 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 cholera, the accidental passage of dysenteric evacuations into drinking
water may have some share in spreading the disease.

2. AFFECTION OF OTHER MUCOUS MEMBRANES 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
bronchial catarrh was most common when the drinking water was foulest
and produced dysentery. Possibly the bronchial and the urinary mucous
membranes 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, and the chief merit of its discovery is owing to the late Dr Snow.

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 secmns to have been paid to this
remark, and in modern times the opinions of Lancisi, that the air of marshes
is the sole cause of intermittents, has been so generally adopted, that the
possibility of the introduction of the cause by means of water, as well as of air,
was overlooked. Still, it has been a very general belief among the inhabi-
tants of marshy countries, that the water could produce fever. Henry Mar-
shall* 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 in-
habitants 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 pre-
valent in the south of India, and in Western Candeish, Canara, Balaghut,
and Mysore, and in 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

* Topography of Ceylon, p. 52. 1 Indian Annals, 1856, p. 526.
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fevers are prevalent, in others not ; the only diffezence is, that the latter are
supplied with pure water, the former with marsh or nullah water full of vege-
table 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
eet 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 bealthy. Nothing can well be stronger
than the positive and negative evidence brought forward in this paper.

Dr Moore (Indian Annale, 1867) has also noted his opinion of malarious
disease being thus produced ; and M. Commaille has lately (Rec. de Mém.
de Méd. Mil. Nov. 1868, p. 427) stated, that in Marseilles paroxysmal fevers,
formerly unknown, have made their appearance, since the supply to the city
has been taken from the canal of Marseilles. In reference also to this point,
1 observe that Dr Townsend, the Sanitary Commissioner for the Central Pro-
vinces in India, mentions in one of his able reports (for 1870, published at
Nagpore in 1871, para. 143 et seq.) that the natives have a current opinion
that the use of river and tank water in the rainy scason (when the water always
contains much vegetable matter) will almost certainly produce fever (e,
ague), and he believes there are many circumstances supporting this view.
In this way the prevalence of ague in dry elevated spots is often, he thinks,
to be explained. He mentions also that the people who use the water of
streams draining forest lands and rice fields “ suffer more severely from fever
(ague) than the inhabitants of the open plain drawing their water from a soil
on which wheat grows. In the former case there is far more vegetable
matter in the water. The Upper Godavery tract is said to be the most
aguish in the province, yet there is not an acre of marshy ground; the
people use the water of the Godavery, which drains more dense forest land
than any river in India.

In the ¢“Landes” (of south-west France), the water from the extensive
sandy plain contains much vegetable matter, obtained from the vegetable
deposit, which binds together the siliceous particles of the subsoil. It has
a marshy smell, and, according to Fauré, produces intermittents and visceral
engorgements. Dr Blanc, in his papers on Abyssinia, mentions that on the
march from Massowah to the highlands, Mr Prideaux and himself, who drank
water only in the form of tea or coftee, entirely escaped fever, while the others
who were less careful suffered, and, as Dr Blanc believes, from the water.

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 lessened 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 was that of a farmer who used well water, while all the other persons
drank ditch water.*

At Sheerness the use of the ditch water, which is highly impure with veae-
table debris, has been also 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.}

* Snow ¢“ On the Mode of Communication of Cholera.” 2d edit. 1855, p. 130.

+ Is it not possible that the great decline of agues in England is partly due to a purer drink-
ing water being now used?  Formerly, there can be little doubt, when there was no organised
*urpl_\', and much fewer wells existed, the people must have taken their supply from surface

collections and ditches, as they do now, or did till lately, at Sheerness.
$ Grainger’s Report on Cholera.  Appendix (B), page 95 ; footnote.
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The case of the Argo, recorded by Boudin,* is an extremely strong 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 short
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
seems therefore excluded. Thereis no notice of the food, but the production
of malarious fever from food has never been suggested. The water was, how-
ever, ditferent—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.t

One very important circumstance is the rapidity of development of the
malarious disease and its fatality when introduced in water. It is the same
thing as in the case of diarrhea and dysentery. Either the fever-making
cause must be in larger quantity in the water, or, what is equally probable,
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 with-
out 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.”§ Professor Colin,
of the Val de Grice, who is so well known for his researches on intermittent
fever,|| is also inclined to question the production of paroxysmal fevers by
marsh water. He cites numerous cases in Algiers and Italy, where im-
pure marsh water gave rise to indigestion, diarrheea, and dysentery, but
in no case to intermittent fever, and in all his observations he has never
met with an instance of such an origin of ague. He therefore denies this
power, and in reference to the celebrated case of the Argo, without ven-
turing to contest it, he yet views it with suspicion, and questions whether
Boudin has given the exact details.

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 epidemics, such as the
*¢ Schleim-fieber” of Gottingen in 1760, were attributed in part to the use
of impure water. In 1822, Walz affirmed that an outbreak of *typhus”
(typhoid) at Saarlous, 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
faecal matter passing into the drinking water, which had a disagreeable

* Traité de Géographie et de Statistique Médicales, 1857, t. i. p. 142.
+ Ritter, Hirsch in Jahresb. fur gen.%[ed. for 1869, p. 192.
% Oesterlen’s Handb. der Hygiene. 2d edit. 1857, p. 129 ; footnote.
§ Quoted by Wutzur, Reise in den Orient. Europas, band i. p. 101.
|| De I'Ingestion des eaux Marécageuses comme cause de la Byscuterie et des Fievres Inter-
mittents, par L. Colin, Paris 1872,
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putrid smell. In 1848, F. A. W. Richter published an account of an out-
break of the same kind which occurred in a school at Vienna, from the
contents of a sewer passing into the drinking water.* In 1852, Dr. Austin
Flintt published the particulars of a similar outbreak of typhoid fever at the
hamlet of North Boston (Erie, U.S.) in 1843.

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 Dr Carpenter of Croydon that it was partly, at any rate, spread by the
pollution of the drinking water from 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 typhodial symptoms ;
many of these had not been brought into any 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
communication with Dr Budd, that he has long been convinced of the occa-
#innal 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 wells im-
prermated with much organic matter (and among other things typhoid
dejections), and containing nitrates and lime. On the cessation of the use
of this water, the fever ceased.||

The propagation of typhoid fever in Bedford wouid certainly appear, from
Mr Simon’s report, 9 to have been partly through the medium of the water.

Dr Schmitt** has for several years paid particular attention to this point,
and in 1861 published several very striking cases.

A case hearing on the same point was brought before the Metropolitan
Officers of Health in 1862,}++ by Mr Wilkinson of Sydenham. In this case
the water was contaminated by absorption of sewer gases.

In 1862, a very sudden and severe outbreak of typhoid in a barrack at
Munich was traced to water impregnated with frecal matter; on ceasing to
use the water, the disease disappeared.}i 1In 1865 a very remarkable out-
treak of typhoid occurred at Ratho, in Scotland, and was traced to drinking
water contaminated with sewage.§§ In 1866 typhoid fever broke out in a

* All these cases are related by Riecke in his excellent work ¢ Der Kreigs und Friedeus-
Typhus.” Nordhausen, 1850, pp. 44-58.

t Clinical Reports on Continued Fever. By Austin Flint, M.D. Buffalo, 1852, p. 380.

< Facal Fermentation as a Cause of Disease. Pamphlet. Lond. 1036, p. 34.

§ Lancet, Oct. 29, 1859, p. 432.

| Edinburgh Medical Journal, Jan. 1862, p. 1153.  See also Gietl, Die Ursachen des Enter.

.}YIIUﬁ in Miinchen, 1865, p. 58.

Third Report of the Medical Officer of the Privy Council, 1860.

** Journ. de Méd. de Bruxelles, Sept. 1861 ; and Canstatt’s Jahresb. for 1861, band iv. pp.
182, 183. See the 2d edition of this work for a short account of them.

1+ British Medical Journal, March 1, 1862.

1% Gietl, Die Ursachen des Ent. Typhus in Miinchen, 1865, p. 62. In thislittle book is much
evidetice to show the propagation of typhoid by foul water and by deficient arrangements for
removal of excreta, as we?] as many instances of the carrying of the disease from place to place,
analogous to those harrated by Bretonneau mary years ago.

$% Edin. Med. Journ. Dec. 1865. In this case a groom came to the house ill with typhoid
from Dundee, and thus introduced the disease. This fact wa communicated to me by a rela-
tion of the owner of the house.
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girls’ school at Bishopstoke, near Southampton, and was traced unequivocaliy
to the bursting of a sewer pipe into the well. The water was disagreeable
both to smell and taste. 17 or 18 persons were affected out of 26 or 28.
Several very striking instances are recorded in Mr Simon’s Reports by Drs
Seaton, Buchanan, and Thorne,* and in some of these cases analyses of the
water were made, which showed it to be impure, and to contain organic
sewage, or its derivatives. A very good case, at the Garnkirk works in
Glasgow, is recorded by Dr Perry.t Dr De Renzy, the Sanitary Commis-
sioner of the Punjab, has also published a remarkable paper on the extinc-
tion of typhoid fever in Millbank prison, and shows, from the statistics of
many years, that the fever has entirely disappeared since the use of Thames
water was given up; the disappearance was coincident with the change in
the water supply. Two excellent cases are recorded by Dr Clifford Allbutt$
and one by Dr Wohlrab, which are free from ambiguity.§ A very good
case is recorded by Dr Latham.|| Typhoid was introduced into a village
and spread by the agency of contaminated drinking water.

That water may be the medium of propagating typhoid thus seems to be
proved by sufticient evidence; and it has been admitted by men who have
paid special attention to this subject, as Jenner, W. Budd, and Simon. It
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 cases disseminated by water, as compared with those dis-
seminated by air. No answer can yet be given to this question.

There is one point of some interest. When the dates of attack are given,
it is curious to observe how short the incubative period appears to be;
while 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. 9

A very large number also of the susceptible persons who drink the water
are 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. It is certainly remarkable,
in the range of cases recorded by Schmitt, how uniformly the possibility of
the passage of typhoid stools is disregarded. Everything is attributed to
ficcal matters merely. A case recorded by Dr Downes,** in whiclh six cases

* Dr Seaton's Report on Tottenham (Report of Medical Officer to the Privy Council for
1866, p. 215). Dr Buchanan on Guildford (Ibid. for 1867, p. 34); Dr Thorne’s Report on
Testing (Ibid. p. 41); Dr Buchunan’s Report on Wicken-Bonant (12th Report, p. 72). In all
these instances the evidence reaches the highest degree of probability, and in the cases of
Guildford and Wicken-Bonant of almost absolute certainty.

+ Lancet, June 1868,

$ See my Report on Hygiene, Army Med. Dept. Blue Book, 1860. p. 23.

Archiv. der Heilk. vol. xii. p. 134 (1871).

| Lancet, July 15, 1871.

9 Dr W. Budd says, in a letter to me—‘ In the cases in which the poison is conveyed by
water, infection seems to he much more certain : and I have reason to think that the period of
incubation is materially shortened. An illustration of this seems to be furni«hetfe by the
memorable outbreak which occurred at Cowbridge some years ago, and which presented this
unexampled fact ; that out of some 90 or 100 persons who went to a race ball at the principal
inn there, more than one-third were within a s{lort time laid up with the fever. In this case,
there was satistactory reason to think that the water was contaminated, though there was no
chemical examination.” In the attack at Guildford, however, the incubative period was not
shortened, as Dr Buchanan calculates it at 11 days.

** Lancet, 27th April, 1872,
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of typhoid resulted from the overflow of non-typhoid sewage into a well,
supports this view. On the other hand, in the cases recorded by Allbutt
and Wohlrab already referred to, contaminated water had been used for some
time without producing typhoid fever. Persons affected with typhoid enteric
fever then entering the place, their discharges passed into the drinking water,
and then an outbreak of typhoid followed. An extremely strong case is given
by Ballard.* Very polluted water had been used for years by the inhabitants
of the village of Nunney without causing fever, when a person with enteric
fever came from a distance to the village, and the excreta from this person were
washed into the stream supplying the village. Between June and October
1872, no less than 76 cases occurred out of a population of 832 persons.
All those attacked drank the stream water habitually or occasionally. All
who used filtered rain or well water escaped, except one family who used the
water of a well only 4 or 5 yards from the brook. The casc seems quite clear
—first, that the water caused the disease ; and, secondly, that though pol-
luted with excrement for years, no enteric fever appeared until an imported
case introduced the virus. Positive evidence of this kind seems conclusive,
and I think we may now safely believe that the presence of typhoid evacua-
tions in the water is necessary. Common frcal matter may produce
diarrhcea, which may perhaps be febrile, but for the production of enteric
fever the specific agent must be present. 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.

Cholera.

Few of the earlier investigators of cholera appear to have imagined that
the specific poison might find entrance by the means of drinking water.
There is an intimation of the kind in a remark by Dr Muller;i and
Jameson, in the Bengal report of 1820, alludes to the effect of impure
water, but in a cursory way.

In 1849 the late Dr Snow, in investigating some circumscribed outbreaks
of cholera in Horsleydown, Wandsworth, and other places, came to the
conclusion that, in these instances, the disease arose from cholera evacua-
tions finding their way into the drinking water. Judging from the light of
subsequent experience, it now seems extreiely probable that this was the
case, and to Dr Snow must certainly be attributed the very great merit of
discovering this most important fact. At first, certainly, the evidence was
defective,§ but gradually fresh instances were collected, and in 1854 occurred
the celebrated instance of the Broad Street pump in London, which was
investigated by a committee, whose report, drawn up by Mr John Marshall,
of University College, with great logical power, contains the most con-

]q’ Report to the Local Government Board on an outbreak of enteric fever at Nunney, Sept.
§72.

4 ¢*“ Wahrscheinlich sind die Exhalationen des Krankes, seine Excremente, vielleicht die
typhisen Aftergebilde tm Darme, die Triger des Contagiums.”—Canstatt, Spec. Path. uad
T/fer. 24 edit. band ii. p. 572 (1847).

+ Einige Bemerkungen iiber die Asiat. Cholera. Hannover, 1848, p. 36. .

§ There seemed at once an @ priori argument adverse to this view, as, at that time, all
evidence was against the idea of cholera evacuations being capable of causing the disease.
They had been tasted and drank (in 1832) by men, and been given to animals, without effect.
Persons inoculated themselves in dissections constantly, and bathed their hands in the tluids of
the intestines ; in India the pariahs who remove excreta, and everywhere the washerwomen
who washed the clothes of the sick, did not especially sutfer. And to these arguments must he
added the nndoubted fact, that there were serious deficiencies of evidence in Dr Snow's early
cases. (See review by the author n the *“ British and Foreign Medical hirurgical Review,”
April 1855).
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vincing 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 a second edition of his book, giving an
account 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
either proved or in which the evidence of the origin and succession of cases
seemed to make it certain that the cause was in the drinking water. In
England, Dr Snow and others have thus recorded cases occurring in 1849
and 1854 at Horsleydown, Broad Street, Wandsworth, West Ham, &c. In
1865 the important outbreak at Newcastle-on-Tyne,{ when all the circum-
stances pointed very strongly to the influence of the impure Tyne water.
In 1865 occurred the remarkable and undoubted case of water poisoning at
Theydon Bois, recorded by Mr Radclitfe,§ and in the following year the
violent outbreak in the East of London was supposed to be connected with
the circulation of impure water by the East London Water Works Com-
pany. Much discussion has taken place as to the real influence of the
impure water which it is admitted on all hands was used. Mr Radcliffe||
and Dr Farr® have collected the evidence in favour of the opinion that the
sudden outburst was really owing to this water; while Dr Letheby and
some others have expressed doubts on this point, chiefly on account of the
difficulty of reconciling with the hypothesis certain exceptional cases both of
immunity and of attack. To me the evidence in favour of the water being
the cause appears extremely strong, and far greater difficulty arises if that
view is not received than is caused by the exceptional cases referred to, and
of which we may not know all the particulars. In the same year (1866) an
apparently unequivocal case of production of cholera by the drinking water
of a tank on board a steamer occurred at Southampton, and I have recorded
the particulars in the Report of the Medical Officer to the Privy Council for
1866.**

A very striking case at Utrecht is noticed by Snellon, and is given by Dr
Ballot, of Rotterdam, who has adduced much strong evidence on the influ-
ence of the foul water in Holland in spreading cholera.tt

During the epidemic in 1866, except in the East London case, no such
striking instances of local outbreak from water contamination were recorded
as in 1849, but there were in some parts, and especially in Scotland, as
noticed by Dr Stevenson Macadam,}} very striking coincidences between the
abatement of the disease and the introduction of a fresh and pure supply.

In Germany choleraic water-poisoning has not only been less noticed, but
the great authority of Pettenkofer is against its occurrence. At Munich,
Pettenkofer{§ could find no evidence whatever in favour of the spread by

* Report on the Cholera Outbreak in St James's, Westminster, in 1854. London, Churchill,
1855. Every point is discussed in this report with a candour and precision which leaves
nothing to be desired. For further evidence on this outbreak, see Indian Sanitary Report,:
evidence of Dr Dundas Thomson, p. 272.

t On the Mode of Communication of Cholera. By John Snow, M.D. London, Churchill,
2d edition, 1835.

g For full particulars, see Dr Farr’s Report on Cholera in England, 1866, p.33.

Report of the Medical Officer to the Privy Council for 1865 (Eighth Report), p. 438.

Il Report of the Medical Ofticer to the Privy Council for 1866, p. 266,

9 Report on the Cholera Epidemic of 1866 in England. Supplement to the 29th Annual
Re'!mrt ot the Registrar-General, 1508.

* Report of Medical Otticer to Privy Council for 1866, p. 244. In this ease the water was
foul tasted, and was certafily colftaminated with sewage.

1t Medical Times and Gazette, May 1869.

+4 Transactions of the Royal Scottish Socicty of Arts, vol. vii. p. 341 (1867).

§8" Zeitsch, tiir Biol. band i. p. 353,
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water ; and Giinther, in his careful work on Cholera in Saxony,* asserts that
no influence whatever was exerted by drinking water. No evidence could
be obtained either in Baden or in villages near Vienna.t And asinall cases
the observers were not only quite competent, but were fully cognizant of the
opinions held in England, this negative evidence is of great weight. At the
same time, it cannot be allowed to outweigh the English cases, and, more-
over, even in Germany some positive evidence has been lately given. Dr
Richter} attributes a preponderant influence in a local outbreak among the
workmen of a sugar-manufactory to the pollution of the drinking water by
sewage ; and a still more striking case is recorded by Dr Dinger,§ in which
the discharges of a cholera patient passed into a brook, in which also the
clothes were washed ; the water of this brook being used for drinking,
there was a sudden and very fatal outbreak affecting the persons who took
the water.

In India the evidence for cholera water poisoning is at present become
very strong. The great cholera outbreak of 1860 and 1861 was attributed
by some medical officers to the defilement of the tank water *“into which
the general ordure of the natives is washed during the rainy season ;"|| and
still more recently, what appears to be a striking instance has occurred. No
one can read the able account given by Dr Cuningham and Dr Cutliffe in
the Bengal Report for 18679 of the appearance of cholera among the vast
crowd of pilgrims after the great bathing day at Hurdwar, without coming
to the conclusion that it was a case of water poisoniag on a gigantic scale.

That in India the cholera poison is often carried by water appears pro-
bable, not only from the Hurdwar outbreak, but from the very sudden and
violent outbreaks and the great sewage contamination in the water of many
distriets **

In Central India Dr Townsend has given strong reasons for believing
that the cholera of 1868-9 was, to a large extent, dependent on water-
fouling. (See Report on Cholera in the Central Provinces.) Dr Mac-
namara (on Asiatic Cholera, 1870) has given some good evidence on
the same side (see pp. 328, et seq.), and Dr Cleghorn (Indian Medi-
cal Gazelte, March 1872) has noted some striking proofs of the same
fact.

So also in other countries ; the attack which caused such losses to the
French Division in the Dobrudscha in 1855, when the wells were supposed
to be poisoned, and to the English cavalry at Devna,it the water was appa-
rently the means of carrying the disease.

In evidence of this kind we must remember that each successive instance
adds more and more weight to the instances previously observed, until, from
the mere accumulation of cases, the cogency of the argument becomes irre-
sistible.

2. The evidence derived from such local outbreaks is supported by that
drawn from the history of 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,

* Die Indische Cholera in Sachsen im Jahre, 1865, p. 125.

t Volz and Witlacil, quoted by Hirsch in Jahresb. der gen. Med. for 1867, band ii. p. 221.
3 Archiv der Heilk, 1867, p. 472. § Ibid. 1867, p. 84.

I M‘William, Epidem. Society Trans. vol. i. p. 274..

;;fs Report of the Sanitary Commissioner with the Government of India for 1867. Calcutta,

o Vide Report on the Sanitary Administration of the Punjaub for 1867, and subsequent
years, by A. C. C. De Renzy, Esq. (Cases of Peshawur and Amritzur.)
1t I derive this information from a MS. essay of Dr Cattell.
D
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were supplied with pure water, and suffered very little. Thus the Registrar-
General has shown that the districts supplied in 1853 part 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). Schiefferdecker, in Konigsberg, has also given evidence to:
show the different extent in which districts in the same city supplied with
pure and impure water suffer.*

In Berlin, in 1866, in the houses supplied with good water the number of
houses in which cholera occurred was 366 per cent. ; in the houses with bad
water was 523 per cent.t

3. Additional arguments can be drawn from instances in which towns which
could not have had water contaminated with sewage have escaped, and in-
stances 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, Newcastle-on-Tyne, Glasgow, and
Moscow, are instances of this. Two very good cases are related by Dr
Acland.} The parish of St Clement was supplied 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 mortality was great ; in the last
years, insignificant. Two gaols were near each other; the one suffered, the
other not ; the water was impure in one case from drainage, pure in the
other. The gaol with bad water having got a fresh supply, the cholera did
not appear in the next epidemic. In Copenhagen a fresh water supply was
introduced in 1859. Although cholera had prevailed very severely there
previously, in 1865 and 1866 there were only very few cases. The future
must show if this exemption was owing to the purer water.§ In Haarlem,in
Holland, cholera prevailed in great intensity in 1849. In 1866 it returned,
and again prevailed as severely in all parts of the town except one. The
part entirely exempted in the second epidemic was inhabited by bleachers,
who, between 1849 and 1866, had obtained a fresh source of pure water.||

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
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 circumstances, 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 inhabi-
tants 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

# See Report on Hygiene, Army Med. Dept. Report, vol. xii. p. 241.
#+ Die Kanalisation von Berlin, 1868, p. 30.

% Cholera in Oxford in 1854, by H. V\P Acland, M.D., p. 51.

§ Hornemaun in Virchow’s Archiv, band 53, p. 156.

|| Ballot, British Med. Journal, April 1869.

9 Feecal Fermentation, p. 24,

-
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out, they may be again taken into the body. This is all the more likely, as
cholera stools have little smell or taste, and, when mixed even in large
quantity with water, are indetectable by the senses.

We may therefore conclude that the cholera evacuations, either at once or
after undergoing some special fermentative or transformation change, pass
into drinking water or float about in the atmosphere. 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.

C. Macnamara states (“ Asiatic Cholera,” p. 330) that the dangerous period
is when the water into which cholera stools are passed is swarming with
vibriones, and that when ciliated infusoria appear danger is over. He
speaks strongly on this point, and from actual experience.

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 seem to sup-
port this view ; but some German evidence in 1866 does not favour it.* If
the water acts in this way, it can only be by causing a constant tendency to
diarrhcea, or by carrying into the alimentary canal organic 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.

Yellow Fever.

As, like dysentery, typhoid fever, and cholera, the alimentary mucous
membrane is primarily affected in yellow fever, there is an a privri probability
that the cause is swallowed also in this case, and that it may possibly enter
with the drinking water. But no good evidence has been yet brought for-
ward.

Boudint quotes a case from Rochard in which a French frigate (in 1778)
took in water at San Jago, where yellow fever prevailed. Some days after-
wards yellow fever broke out with such violence, 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 jars
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 by
water, has been overlooked, and how exactly this sudden and extensive
attack resembles the case of the Argo.

The Barrack Commissioners have also directed attention to the fact of the
great impurity of the water at Gibraltar at the time of the yellow fever
epidemic.

The other Zymotic Diseases.

No decided evidence has yet been given that any other of the specific
diseases are propagated in this way, but Dr Macadam has brought some evi-
dence to show that erysipelas and throat ulcer may have a water origin,} and
Dr Menzies has stated that, in Naples, cases of (Edinburgh Med. and Sur.

¢ 8ee Regort on Hygiene, Army Medical Dept. Report, vol. vii. p. 352.
+ Traité Geo%:t de Stat. Méd. 1858, t. i. p. 141.
*' Trans. of the Royal Scottish Society of Arts, 1867
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Journal, Sept. 1872) diphtheria occurred, which he thinks were caused by
contaminated water. The evidence is not, however, at present sutlicient to
prove this.

4. DISEASES OF THE SKIN, AND SUBCUTANEOUS TISSUES.

A curious endemic of boils occurred in the vicinity of Frankfort in 1848.
Tt was confined to a small number of persons, and presented favourable
opportunities 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 asin some trades
there is disengagement of large quantities of SH, into the atmosphere, and
as the drinking of sulphuretted springs is so common.

The peculiar forms of boil or ulcer common in many cities in the East
have been in some cases referred to the water. The Aleppo evil, the Damas-
cus ulcer, and some other diseases of an analogous kind, which have the
peculiarity of occurring only once in life, are possibly more connected with
the true contagions; but the unhealthy boils or ulcers so common in India,
especially in the north-west and along the frontier, are probably connected
with bad water. The so-called Delhi boil has much decreased in frequency
since the waters of the Jumna were used instead of the impure well water,t
but, on the other hand, Fleming's observations have thrown doubt on the
fact of the water being to blame. With regard to the frontier ulcers in
India, Dr Alcock (35th Regt.) has given some curious evidence, which seems
to connect them with vegetable detritus and the evolution of sulphuretted
hydrogen.

The elephantiasis of the Arabs (the so-called Barbadoes leg or Pachydermia)
has been ascribed to organic impurities in water, but on no very stringent
evidence. .

0. DISEASES OF THE BONES.

Water impregnated with sulphurous acid gives rise in cattle to 8 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 calcium carbonate and sulphate 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.

6. CALCULL

It has long been a popular opinion that drinking lime waters gives rise to
calculi (calcium phosphate and oxalate). Several medical writers have held
the same opinion, and have adduced individual instances of calculi (phos-
phatic?) being apparently caused by hard waters, and cured by the use of
soft or distilled water. On a large scale, statistical evidence is, as far as I

* Henle's Zeitsehrift fiir Nat. Med. 1849, vol. viii. p. 215.

+ See Annual Report of San. Com. with the Government of India for 1867, p. 178 (1868).
Some excellent analyses of the Delhi waters are given by I'r Sheppard 1 véde Dr Macnamara’s
Sesond and Third Reports of the analyses of potable waters in the Bengal Presidency. Cal-
cutta, 1868,

& Traite d'Hygidne Militaire, 1857, p. 357.
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know, wanting. The excess of cases of calculi in Norwich and Norfolk
generally is not, in Dr Richardson’s opinion, attributable to the water.* DrJ.
Murray, of Newcastle, has lately given some evidencet to show a connection
between the lime waters and calculi, especially phosphatic, but it does not
appear to be more convincing than that previously adduced.

At Canton stone is common, while at Amoy, Shanghai, Ningpo, and other
places, it is not met with. The cause of the difference is not known, but it
is not chalk water, as the Chinese always drink boiled water.}

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

7. GOITRE.

The opinion that impure drinking water is the cause of goitre is as old as
Hippocrates and Aristotle, and has been held by the majority of physicians.
The opinion may be said actually to have been put to the test of experiment,
since both in France and Italy the drinking of certain waters has been resorted
to, and apparently with success, for the purpose of producing goitre, and
thereby gaining exemption from military conscription.§ And this is sup-
ported by the evidence of Bally, Coindet, and by many of the French army
surgeons, who have seen goitre produced even in a few days (8 or 10) by
the use of certain waters|] While, conversely, Johnston saw goitre, which
was common in a goal, disappear when a pure water was used. 9 Apart from
this, the evidence for the causation by water is extremely strong, many cases
being recorded where, in the same village, and under the same conditions of
locality and social life, those who drank a particular water suffered, while
those who did not do so escaped.** The latest author who has written on
this subject, and who has accumulated an immense amount of evidence, M.
Saint-Lager, expresses himself very confidently on the point.

The impurity in the water which causes goitre is not yet precisely known.
It is certainly not owing to the want of iodine, as stated by Chatin, and there
is little probability of its being caused by organic matters, by fluorine, or
by silica.  On the other hand, the coincidence of goitre with sedimentous
water is very frequent. Since the elaborate geological inquiries of M. Grangett
and the analyses of the waters of the Isere, magnesian salts in some form
have been often considered to be the.cause, to which many add lime salts
also ; and certainly the evidence that the waters of goitrous places is derived
from limestone and dolomitic rocks, or from serpentine in the granitic and
metamorphic regions, is very strong. The investigations now include the
Alps, Pyrenees, Dauphiné, some parts of Russia, Brazil, and districts in Oude
in North-West India. A table compiled from Dr M‘Clellan’s work}s is very
striking :—

* Med. History of England ; Medical Times and Gazette, 1864, p. 100.

1 British Medical Journal, %ept.ember 1872.

% Dr Wang, in Chinese Customs Report for 1870, p. 71.

§ Among other evidence on this oint, the late work of M. Saint-Lager (Sur les causes du
Cretinism et du Goitre endémique, Paris, 1867) may be cited (p. 191, et seq.), as he appears to
have carefully looked into the evidence. See also Baillarger (Lonnptes Rendus de I'Acad. t. lv.
p. 475), who also states, though this has been denied by Rey, that horses and mules become
affected from drinking the water of the Isére.

i Encyclopadia of Practical Medicine, vol. i. art. Bronchocele, p. 326.

€ Edin. Monthly Journal, May 1855.

** Saint-Lager (op. cit.) cites several strong cases (p. 192, e? seg.)

++ Ann. de Chinie et de Phys., vol. xxiv. p. 364

+% Medical Topography of Bengal I have mcluded tm facts on cretinism also, without desir-
ing to express any opinion ou the relation between goitre and cretinism.
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Goitre and Cretinism in Kumaon (Oude).

Percentage of Population affected.
Water derived from -

With Goitre. With Cretinism.
Granite and gneiss, . . .o 0-2 0
Mica, slate, and hornb]ende, .o 0 0
Clay slate .o e 054 0
Green sa.ndstone, e e e 0 0
Limestone rocks, . . . . . . 33 31

There are, however, not wanting analyses of water of goitrous regions which
show that magnesia may be absent (in_Rheims, according to Maumené ; in
Auvergne, according to Bertrand ; in Lombardy, according to Demortain ;
while Saint-Lager enumerates other cases), while it has been also denied that
there need be any excess of lime. M. Saint-Lager, basing his opinion partly on
these negative instances, partly from his own experiments with the soap-test,
which show no relation between hardness of water and goitre, and partly
from the negative results of experiments on animals with calcium sulphate
and magnesian salts, denies altogether the connection between goitre and
calcium and magnesium sulphates and carbonates. He states also that M.
Grange has now himself given up the belief of magnesia being the essential
agent of goitre,* and argues that the constituent of the water which is the
actual cause is either iron pyrites (ferrum sulphide), or more infrequently
copper or some other metallic sulphide. And he explains M‘Clellan’s results
by the supposition, based on an expression of that writer, that in the lime-
stone districts of Kumaon the water had traversed the metalliferous strata
of the rocks. Saint-Lager dues not, as far as I see, support his opinion by
actual chemical analyses, but he brings forward geological evidence on a large
scale, to prove that the endemic appearance of goitre coincides with the
metalliferous districts. He has also made experiments on animals with iron
salts, which do not appear conclusive, though he believes he produced in some
cases an effect on the thyroid. His hypothesis seems to me to fail from this
want of chemical analysis. He has made out a case for inquiry rather than
for conclusion. It seems clear that while it may be admitted that impure
water is the cause of goitre, there ought to be renewed chemical analyses,
and it would not seem difficult to decide such a point by a properly
conducted inquiry.

In some observations lately made by Dr Ferguson on the goitrous part of
the Baree Doab districtt (a boulder-gravel subsoil), the water is stated to be
largely charged with lime. In the goal at Durham, Johnston} states that
when the water contained 77 grains per gallon (chleﬂy of lime and magnesian
salts), all the prisoners had swellings of the neck ; these disappeared when
a purer water, containing 18 grains in 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 Tw@nia solium and the Tenia mediocanellata, and many

* Sur les causes der Cretin. et der Goitre, p. 237.
+ Sanitary Administration of the Punjab for 1871, Appendix 4, p. 33.
+ Edin. Monthly Journal, May 1855.
Many instances are recorded in tiee French Military Medical Journal, Recueil de Mém. de
Méd. Mil., of the acute goitre produced in a few days.
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entozoa, find their way into the body with the food,* the two forms of the
Bothriocephalus latus (T. lata) may pass in with the drinking water.t 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 then, after a time, lose its ciliary covering, and then, not
being able to move further, perishes ; or it may find its way into the body
of some animal, and there develope into the Bothriocephulus latus.

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

Distoma hepaticum (Fasciola hepatica).—The eggs are developed in water,
and the embryos swim about and live, so that introduction in this way for
sheep is probable, and for men is possible.

The Ascaris lumbricoides (Round-worm) appears also sometimes to enter
the body by the drinking water. At Moulmein, in Burmah, during the wet
geason, and especially at the commencement, both natives and Europeans,
both sexes and all ages, were, during my service thirty years ago, so
atfected by lumbrici, that it was almost an epidemic.; The only circum-
stance common to all classes was that the drinking water, drawn chiefty from
shallow wells, was greatly contaminated by the substances washed in by the
loods of the excessive monsoon which prevails there. Dr Paterson has also
noticed similar facts in England (Aitken’s ¢ Practice of Medicine,” 6th
edition, i. p. 124).

Leuckart§ has no doubt of the passage of the ascarides’ eggs into drinking
water ; and, indeed, they have been actually seen in drinking water by
Mosler.|| But it seems yet doubtful (as all experiments have failed in pro-
ducing from the drinking water the worms in animals) whether the eggs
alone will suffice, and it seems possible that they must pass through some
other host before developing in the human intestine. This is also the
opinion of Cobbold. Mosler attributed in his case much influence to the
large amount of vegetable food taken by the persons affected.

The Dochmius duodenalis (Strongylus duodenalis, Anchylostomum seu
Sclerostoma duodenale) would appear from Leuckart’s statementd to be
introduced by impure water.**

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.t

* Dr Oliver’s observations in India show that cattle may get tenia ova from the water; so
that men may do the same. (See Aitken’s Med., 6th ed. vol. i. p. 179.)

+ See especially a paper by Dr Knock in the Peterburger Med. Zeitsch. for 1861.  An ab-
stract is given in the Lancet, Jan, 25, 1862; and the paper in full is printed in Virchow's
Archiv, band xxiv. 453. Cobbold, however, doubts the direct entrance in this way, and thinks
it more probable that fish form the host for the ova, which after development in the first, may
find their way into the bodies of men who eat the fish.

+ The native treatment is the powderof a fungus (Wah-mo), derived from the female bamboo.
It is most useful. See paper by the author in the London Journal of Medicine, 1549.

§ Die Menschlichen Parasiten, band ii. p. 220. .

{ Virchow's Archiv, band xviii. p. 249. 97 Ibid. band ii. p. 455.

** The importance of the discovery of Griesinger (Archiv fiir Phys. Heilk, 1854, p. 555), that
the so-called widely spread Egyptian chlorosis, is caused by the Dochmius duodenalis, has
hardly been sulﬁcientry appreciated. Not only anemia and liver diseases, but symptoms re-
ferresi to dysentery and hezmorrhoides, are often also produced. And as similar facts have
now been observed in Brazil, Arabia, and Madagascar, it seems impossible but that in India
the formidable affections caused by the Dochmius should not be common. .

++ See Dr Aitken's long and excellent chapter on this disease, in the first volume of his
Practice of Medicine, 6thedition, p. 139, et seq., for a discussion on the water and earth question.
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Boiling the water before drinking appears to have some preservative
effect.* It is possible that the Filaria sunguinis hominis of Lewis may also
de introduced by drinking water.

Bilharzia hkematobia.—From the ohservations of Griesinger, John Harley,t
and Cobbold, there seems no doubt that the embryos of this entozoon live in
water, and the animal may be thus introduced probably by the medium of
some other animal. Dr Batho doubts, however, this introduction by water,
since the entozoon occurred in persons using rain water and pure mountain
stream water. (Army Med. Rep. vol. xii. p. 504.)

Leeches.—Reference has already been made to the swallowing of small
leeches, which fix on the pharynx, and in the posterior nares. Cleghorn
(“Diseases of Minorca,” 1768, p. 38) noticed that coughs, nausea, and spitting
of blood were thus caused. In a march of the French near Oran, in Algiers,
more than 400 men were at one time in hospital from this cause. In some
cases the repeated bleedings from the larynx have simulated haxmoptysis and
phthisis, and have produced anmmia. A leech, 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, MERCURY, 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 over metallic surfaces. (See
page 15.)

In 1864 a factory at Basle discharged water containing arsenic into a pond,
from which the ground and adjacent wells were contaminated, and severe
illness in the persons who drank the well water was produced. (Roth and
Lex, Milit. Gesundsheitpfl., p. 41.)

General Conclusions.

1. An endemic of diarrhcea, ¢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 ex-
tends 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. Diarrheea 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 introduction of the ova of certain entozoa by means of water is
proved in some cases—is probable in others.

6. Although it is not at present possible to assign to every impurity in
water its exact share in the production of disease, or to prove the precise in-
fluence on the public health of water which is not extremely impure, it
appears certain that the health of a community always improves when an
abundant and pure water is given ; and, apart from this actual evidence, we
are entitled to conclude, from other considcrations, that abundant and good
water is a primary sanitary necessity.

“ Greenhow in Indian Annals, 1856, p. 557.
+ Med. Chir. Trans., vol. xlvii. p. 63, and vol. lii. p. 379.
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SECTION V.
EXAMINATION OF WATER FOR HYGIENIC PURPOSES.*

The analysis of water for hygienic purposes has for its object to ascertain -
whether the water contains any substances either suspended or dissolved
which are likely to be hurtful. There are some substances which we know
are not likely to do any harm, such as carbonate of sodium, calecium, and
magnesium in small quantities. Others are at once viewed with suspicion as
indicating an animal origin, and therefore being probably derived from
habitations, or decaying bodies. In other cases substances in themselves
harmless, such as nitrates, nitrites, and ammonia, are suspicious from implying
the co-existence of, or the previous contamination of the water by nitrogenous
substances. The difficulties in the hygienic examination of water are not
inconsiderable. A judgment must be generally come to from a collation of
all the evidence, rather than from the results of one or two tests.}

Collection.

Great care must be taken that a fair sample of the water is collected in
perfectly clean glass vessels, which should be repeatedly washed out with
some of the water to be examined. The bottle should be stopped; a cork
should be avoided, but if used it should be quite new, well sealed, and tied
down.

Examination,

For a complete investigation at least a gallon is necessary, but with a litre
or a couple of pints a pretty good examination can be made.

It should be commenced by noting the coarser physical characters, such as
the colour, transparency, smell, and taste of the water.

The smell and taste of the water give some indications; for the smell the
water may be warmed, or distilled, when the odour of facal matter is often
brought out clearly both in the distillate and residue. If the water is put in
a stoppered bottle, which it half fills, and is exposed to light, and then
opened and smelt after a few days, commencing putrefaction, or the forma-
tion of butyric acid, or something similar, can sometimes be detected.

Taste is an uncertain indication. Any badly tasting water should be re-
jected, or purified before use. Suspended animal organic matters often give
a peculiar taste, so also vegetable matters in stagnant waters. Some growing
plants, as lemnia and pistia, give a bitter taste ; but most growing plants
have no taste. Perfectly dissolved animal matter is frequently quite tasteless.
As regards dissolved mineral matters, taste is of little use, and dilfers much
in ditferent persons. On an average—}

Sodium chloride is tasted when it reaches 75 grains per gallon.
Potassium ,, » ’ 20 ” ’
Magnesium ,, ’ 9 50 to 55 ,, ”
Calcium sulphate, ” » 25 to 30 ,, »

,  carbonate, » » 10 to 12 ,, »

” nitmte, ” ” 15 to 20 ” ”
Sodium carbonate, » . 60 to 65 ,, ”
Iron, . . ”» ” 2 ” »

* Dr. F. N. Macnamara has prepared for use in India ‘“ A Scheme for the Analysis of Potable
Waters.” It is an admirable scheme, and T have made use of some parts of it.

1 Boxes containing tests and apparatus suftlicient to carry out the analyses recommended in
this book are sold by Messrs Savory and Moore, New Bond Street, Lundon, and by Messrs
Gritlin & Sons, Garrick Street, Covent Garden.

3 Dr de Chaumont, Army Medical Report for 1862 (vol. iv. p. 355).
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Iron is thus the only substance which can be tasted in very small quantities.
A permanently hard water has sometimes a peculiar fade, or slightly saline
taste, if the total salts amount to 35 or 40 grains per gallon, and the calcium
_ sulphate amounts to 6 or 8 grains. Water nearly free from carbonic acid
hardness, such as distiiled water, is not so pleasant as the brisk well carbonated
waters ; but it is difficult to define the kind of taste or absence of it.

The conditions of colour and transparency are given below.

The coarser physical examination gives few indications of value, and if a
report is reputed good on the evidence of this examination alone, it should be
so stated.

The further and complete examination of the water may be conveniently
divided into two parts: the examination of the suspended, and of the
dissolved matters. :

Sus-Secrion 1.

EXAMINATION OF SUSPENDED MATTERS.

The suspended matters may be either mineral (sand, clay, chalk, fine films
of mica), or dead animal or vegetable matiers, or living creatures (plants and
animals). ’

To detect the presence of Suspended Matters.

Pour some of the water into a tall white glass vessel placed on white paper
or plate, and look down it ; a depth of 2 feet is desirable, but a stratum of
a foot or 18 inches will give valuable information. A similar glass with
distilled water should be used for comparison. Substances giving colour and
opacity to water can be thus detected when merely looking through the water
gives no indication. Perfectly pure water has a bluish tint, and several feet
of thickness do not obscure the bottom of the vessel. As water becomes
turbid the bottom of the vessel is less distinctly seem, or is obscured
altogether, by perhaps only a few inches of water. The depth obscuring
the bottom of the vessel should be noted, and the kind of colour.

Living animals moving through the water, like the water-flea or cyclops,!
are best detected by looking through the water. Any water which is very
turbid is a suspicious one.

To determine the nature of the Suspended Matters.

Suspended sand or clay gives a yellow, or yellow-white turbidity ; vegetable
humus and peat give a darkish ; sewage gives a light brown colour. But the
colour or turbidity alone is a very insufficient test. Then boil the water, and
pour it back into the long glass. Sand, chalk, and heavy particles of the kind
will be deposited ; finely suspended sewage and vegetable matter is little
affected, unless it be a chalk water, when the deposit of calcium carbonate
may carry down the suspended matter. When the water is commencing to.
boil, smell it to see if there is any trace of sewage.

Microscoric EXAMINATION.

The examination with the microscope can, however, alone give accurate
information of the nature of the suspended matters. Very high powers
(1000 or 1200 diameters) are necessary for a complete examination, though
lower powers will give much information.

If the matter is entirely suspended, a drop of the water must be taken at
once ; but when it can be obtained, a little of the sediment is more satisfactory.
To get a sediment, the water should be placed in a covered conical glass, and
allowed to stand for a few hours; and the upper part of the water is then
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poured away. A very small amount of sediment can be thus got ab An
immense number of dead and living things may be found in water, which
it would be impossible to enumerate, but which may be conveniently divided’
into two great and several minor headings.

1. Inanimate Substances.

(a.) Mineral particles are tolerably easily known ; sand has large angular
particles ; clay and marl round smooth globules unaffected by acids ; chalk
round often glistening bodies dissolved by acid.

(b.) Vegetable matters : portions of wood, leaves, bits of the veins ; paren-
chyma or ducts are easily recognised. 'When vegetable tissue is more
decomposed nothing is seen but a dark, opaque, structureless mass. Any dark
formless mass of this kind in water is almost certainly decayed vegetable
matter. Bits of textile fabrics (cotton, linen) are not uncommon, and are
important as indicating that the water is contaminated with house refuse.
So also the cells of the potatoe, or spiral threads of cabbage and other
vegetables used by men, are important as indications of the same kind.

(¢.) Animal matters, consisting of bits of wool, hair, remains of animals
of all kinds, such as wings and legs of insects, spiders, portions of the skin
of water animals or of fish, &c., are not uncommon. Sewage matters having
a darkish brown or reddish colour, and often in globular masses, and thus
distinguishable from the flatter and more spread-out vegetable matter, are
sometimes seen. In the London water, as supplied twenty-five years ago,
Hassall recognised these little “ ochreous ” masses, and found that nitric acid
brought out a pink tint. He thought them to be portions of muscular fibre,
tinged with bile. Epithelium (from the skin of men)* and hairs of animals
are not unfrequent. The identification of these matters is of moment, as
indicating the particular source of the contamination. Anything which can
be unequivocally traced to the habitations of men must always cause the
water to be regarded with suspicion, as if one substance from a house can
find its way in, others may do so.

2. Living Creatures.t

These are often found in the sediment, but sometimes also float in the
water above the sediment. They are almost innumerable, and as immature
forms and various stages of development are seen, it is often difficult or im-
possible to name all of them.

(d.) Bacteria, vibriones, or microzymes. Under these terms are meant
the small points or jointed rods, sometimes moving rapidly, sometimes
slowly or motionless. Distinctions are made between these three by some,
while by others the three terms are used as synonyms. High powers (and
preferably with immersion lenses) are required to see them properly. When
they appear in water it is necessary, as Lex} has shown, that besides
oxygen three conditions must be present—(1), an organic carbonaceous sub-
stance ; (2), a nitrogenous substance, which need not be organic—a nitrate,
for example, will well nourish bacteria, and is reduced to nitrite by their

* Epithelium from the skin breaks down slowly in water; I detected some in unfiltered
Thames water in January 1869, and on the 31st May some of the same water preserved in a
bottle showed quite distinctly the scales and nuclei. The collection of the water, the sending
in a barrel from Teddington to Netley, and the soakage in the water for five months, had not
destroyed the epithelium.

+ Numerous plates of the various organisms found in the Thames water have been given by
;ilagszllliﬂ 5}}l\1)icroscopic Examination of the Water supplied to London, by A. H. Hassull,

3 Centrulblatt, fir die Med. Wiss., No. 20, 1872, p. 305.
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growth ;* (3), a phosphate, which, however, may be in exceedingly small
quantity. The bacteria may either originally exist in the water, or be in-
troduced. Burdon-Sanderson’s experiments, however, are not favourable to
the introduction of bacteria from the air, though, as noticed under air, large
numbers of cells which seem to belong to the same class can be obtained
from the air. It appears from Burdon-Sanderson’s observations, that the
germs (if the term be allowed) of bacteria may exist in water and be inde-
tectable by the highest microscopic powers, or even by Tyndall's test of the
electric beam. Lo detect these the test by cultivation, or what may be
called the microzyme test for wuter can be employed. Take a little recently
prepared clear Pasteur's fluid,* boil it, and put one or two C.C. into a test
tube previously strongly heated to 356° Fahr., drop in three or four drops
of the water, and close the mouth of the tube with cotton wool. If micro-
zymes or their germs exist in the water, in a few days the liquid becomes
milky from countless bacteridia.

As, however, even distilled water and the purest ice-water contain
bacteridia, the test cannot be used as an indication of good or had water,
except in connection with others, and with due regard to temperature, which
has a great effect. All it will show is, that the greater or less rapidity of
appearances of opalescence will prove that microzymes are more or less
abundant.

The present view is, that while it has not been conclusively shown
that bacteria or vibriones are in themselves hurtful (though they are so held
by some observers), their presence indicates the coexistence of certain
crganic substances and putrefaction, and putrefactive substances in water
are certainly dangerous.

The spirillum can also be often detected in water. In addition to
microzymes the water will always contain various allied protozoa, which are
usually termed monads or zoogleea, and which seem to have the same sig-
nificance as bacteridia.

(e.) Rhizopoda, especially amaebae and similar forms, may often be detected
with high powers. They appear to indicate, like bacteridia, the existence
of putrefying substances, but this is not yet certain,

(/.) Euglene (of different species, such as E. viridis, E. pyrum, &c.) are
found in many waters, especially of ponds and tanks. Ciliated, free, and
rapidly moving infusoria, belonging to several kinds of common protozoa,
such as kolpoda, paramecium, coleps, stentor, kerona, stylonichia, oxytricha,
&c., are also found. The abundance of these bodies indicate, of course, that
the water contains food for them, and this must be either vegetable or
animal organic matter, but the mere presence of these infusoria will not
show which it is. Hassall noticed, however, in 1850, that the Thames water
below Brentford, where it was mixed with sewage, swarmed with paramecia,
while at Kew, where the water was freer from sewage matters, they had
almost disappeared. Subsequent observations have not, however, proved
the relation between paramecia and animal matter in the water to be suf-
ficiently constant to allow the former to be used as a test of the latter.
Fixed or slow moving infusoria, as the vorticella, are also often seen.

(9.) Fungi.—In any water which contains nitrogenous matter (of animal
nature, at any rate), sugar, and a little phosphate, fungi will soon appear, and
the spores, no doubt, enter from the atmosphere. Spores, spore-cases, and

* Eventually the nitrite disappears, nitrogen being liberated.

+ Pasteur’s fluid is composed of 10 grammes of crystallised sugar ; -b grammes of ammonium
tartrate ; ‘1 of well-burnt yeast ash, and 100 C.C. of distilled water. It should be quite clear.
It is a capital breeding-ground for microzymes or fungi.
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DescripriovN oF Prate L

Sediment from South wing Well, Netley, drawn with the Camera lucida at the
distance of 10 tnuches from the centre of cye-piece 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.

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

¢ Fragment of carbonate of lime, x 435.

d Navicula viridis, x 435.

¢ Grammatophora marina 7 x 435.

f Supposed encysted stage of Euglena viridis, x 435.

g Pinnate conferva, x 780.

hhh Fragments of decaying vegetable matter, x 65.
1 Fragments of carbonaceous substance.
J Part of conferva tilament, Conferva floccosa? showing the various
conditions of the protoplasm in the old and new cells, x 435.

k Part of leaf of Sphagnum or bog-moss, x 108.

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

n Diatoma hyalinum, x 433.

o Cell with dividing protoplasm, x 435.

p Oxytricha lingua, x 260,

q Rotifer vulgaris, small, x 108.

v Anguillula fluviatilis, x 108.

s Peranema globosa, x 108.

t Statoblast of a fresh-water zoophyte? x 103.

w Arthrodesmus incus, x 435.

v Minute Desmidi®, Scenedesmus obtusus, x 780.

w Oscillaria levis, x 780.

A * Homceocladia filiformis? x 433.
N y Ankistrodesmus falcatus, x 435.
"z Minute moving particles, x 435.—(1) Zoospores.

. (To Binder—To face Plate I)



Digitized by
Google






kk

fid

—

1),’




Descrierioy oF Prate II.

Sediment of Ditch Water, drawn with the Camera lucida at the distance of 10 tnches
Jrom eye-piece to paper.

a Decaying vegetable matter, cellular tissue, x 108.
b Pleurosigma formosum, before dividing, x 170.
¢ Oxytricha gibba, x 108.
d Amphileptus anser, x 170.
¢ Euglena viridis, x 285.
f Supposed urceola of some rotifer, x 108.
g Surirella gemma, x 108.
h Do do. x 65.
1+ Foraminifera, x 65.
j Trachleocerca linguifera, x 65.
k Small Planaria? ovisacs distended, x 65.
! Navicula viridis, x 285.
m Paramecium aurelia, x 170.
n Coleps hirsutus, x 285,
o Pleuronema crassa, 285.
p Monura duleis, x 170.
g Surirella splendida, x 170,
7 Biddulphia pulchella, x 285.
s Surirella striatula, x 170.
t Rotifer, Monolabis conica? x 108.
u Aregma, spore cases, x 285.
v Stentor ceruleus? do. v. x contracted, x 170.
w Trinema acinus ! x 170.
z Pinnularia grandis, x 170.
y Gyrosigma angulatum before dividing, x 170.
z Alyscum saltans ? x 170.
aa Synedra ulna, x 170.
bb Amphiprora alata, x 255.
c¢ Gyrosigma Spencerii, x 285.
dd Nitzschia sigma, x 170.
¢e Brachionus angularis, x 170.
ff Young Vorticella? x 170.
g9 Gyrosigma fasciola, x 285.
hh Trachelius strictus, X 235.
it Cocconema Boeckii, x 170.
4 Confervoid cell 7 with divided protoplasm, x 285.
kk Euplotes Charon, x 170.

(To Binder—To face Plate I1.)
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DescriptioN oF Prate IIL

Drawing of Sediment in Thames Water, talken just above Teddington Loch, in A pril
1868. Notice the evidence of impurities from men, viz, epithelium, woollen,
cotton., and flax fibres.

Fig. 1. Coleps hirsutus.
2. Bodo grandis.
3. Actinophrys Eichornii.
4, Epithelium (tessellated).
5. Leucophrys striata.
6. Anguillula fluviatilis.
7. Paramecium chrysalis, dividing (? sexual stage).
8. Vorticella microstoma.
9. Kerona, young?
10. Vorticella microstoma (stemless).
11. Paramecium aurelia.
12. Conferva.
13. Cocconema Janceolatum.
14. Synedra splendens.
15. Gyrosigms. attenuatum.
16. Gomphonema acuminatum.
17. Wool tibre, dyed.
18. Cotton fibre, dyed.
19. Conferva floccosa.
20. Hair, barbed, of 7
21. Kerona mytilns.
22. Siliceous spicule.
23. Diatome vulgare.
24. Fungi ( Torula).
25. Flax fibre.
26. Arthrodesmus quadricaundatus.
97. Stylonychia ? histrio, dividing.
28. Paramecium caudatum.
29. Woody fibre, 1rootlets.
30. Pollen.
31. Vegetable tissue and mycelium, with spores.
32. Decaying vegetable matter.
33. Gomphonema curvatum.
34, Spores of Fungi (! Aregma).
35. Antherozoid of ?
36. Encysted spore.

Decaying vegetable matter and infusoria abundant.

(To Binder—To face Plate I11.)
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delicate mycelium can be seen, and often bacteridia co-exist. If fungi are
found in water they indicate impurity, and such water should not be used
if it can be avoided, or should be purified. Boiling does not kill the fungi,
according to Heisch ; charcoal filtration does so according to the same ob-
server, though Frankland has thrown some doubt on this point. Animal char-
. coal adds some phosphate to the water, and in this way might aid the growth

,of fungi. According to Warrington spongy iron (obtained by calcining with
charcoal the residue from burnt copper pyrites) gives off no phosphate, and
water filtered through it is quite freed from fungi.

Heisch*® states that sewage matter in water gives rise, when sugar is added
to the water, to a peculiar fungus, which he describes as formed of very
small, perfectly spherical transparent cells arranged in grape-like bundles ;-
they grow rapidly into mycelia, and are attended with the special character
of producing the odour of butyric acid. The mycelium soon disappears.

Dr Frankland doubts whether the fungi, which are readily produced by
adding sugar to sewage water, are distinctive of sewage, as apparently similar
cells are caused by other animal matters.

The identification of the spores of fungi, and even of the mycelium as seen
in water, is so extremely difficult that it would be at present rash to affirm
that any fungoid elements are distinctive of fiecal matter. The butyric acid
smell also is given off by so many impure waters that it could hardly be
used as a test for feces.

(h.) Alg® and diatoms are found in almost all running streams, and alge
are also secn in many well waters. They cannot be held to indicate any great
impurity ; and to condemn water on account of their presence would be really
to condemn all waters, even rain, in which minute algoid vesicles (protococei)
are often found.

The forms of the various conferve in water are very numerous; soms
being coloured green, at other times they are quite colourless, round,
isolated, or clustered vesicles. The immature forms may not be easy of
identification. The diatoms are always easily recognised and identified.

"In many waters the living objects in the above five classes comprise all
that are seen, but in other cases there are animals of a larger kind.

(i) Hydrozoa, especially the fresh water polyps, are common in most still
waters, and do not indicate anything hurtful.

(k.) Worms, or their eggs and embryos, belonging to the class Scolecida,
may occur in water, and are of great importance. The eggs and joints of the
tapeworm, the embryos of the Bothriocephali, the eggs of the round and
thread worms, and perhaps the worms themselves, the Guinea-worm, and other
kinds of Filaria ; the eggs of Dochmius duodenalis, and other distomata, and
the embryos of the Bilharzia, have all been recognised in water, though it has
not yet been shown that in all cases they can be thus introduced into the
human body. The worms themselves cannot be overlooked, but both the eggs
and the free-moving embryos are difficult of identification. The greatest care
should be used in examining water to detect the ova. In Indiathe abundance
of minute Filaria has led to the general term of “ tank-worm ” being applied.

The presence of even common Anguillule in water shows generally an
amount of impurity, and such a water must be regarded with great suspicion.
Small leeches also are not uncommon in both still and running waters.

The wheel animalcules are common enough, and cannot be regarded as
very important, though certainly when they exist there must be a good deal
of food for them, and consequently impurity of water.

* Chemical News, June 1870.
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(2) Entomostraca (such as the water flea, Daphnid pulex, fig. 2; the
Cyclops quadricornus, fig. 3 ; the Sida, Moina, Polyphemus, and others) are
very common in the spring ; they occur in so many good waters that they
cannot be considered as indicating any dangerous impurity. It is said that
they are only found near (within one or two feet) of the surface.

Fig. 2. Fig. 8.

(m.) There are, of course, many other tolerably large animals often found
in water ; the larvee of the water-gnat (Dytiscus), the water-boatman, or skip-
Jjack (Notonecta glauca), and the pupa form of many insects may be found,
but they are chiefly in pond water.

So many are the objects in water that the observer will be often very
much at a loss, first, to identify them, and secondly, to know what .their
presence implies. The best way is first to see what objects appear to be
mineral, or non-living vegetable substances, and to fix the origin and estimate
the quantity as far as it can be done. Then to turn to the living creatures
and to look attentively for bacteridie, amcebe, fungi, and ova, and small
worms and leeches. If none of these exist, the water cannot be considered
dangerous. Ciliated infusoria of various kinds, Diatoms, Desmids, and other
algs, are chiefly important in connection with microscopic evidence of decay-
ing vegetable matters, and with chemical tests showing much dissolved
organic impurity in the water.

The subjoined plates show the principal objects found in a deep well
water (Plate 1.) ; in a slow running stream (Plate IL.); and in Thames water
taken in 1868 above Teddington Lock (Plate III.)

Chemical Examination of the Sediment.

The amount of sediment is told by taking two equal quantities of water
(say 4 litre), evaporating one quantity to dryness at once, and the other
after subsidence and filtration, so that suspended matters are as far as
possible separated, and then weighing the two residues. The difference
between the two weights gives the amount of the sediment. Or a certain
amount of water may be allowed to stand until all the sediment has fallen;
the water is poured off, and the sediment dried and weighed. If good
Swedish filtering paper is obtainable, the sediment may be obtained at once;
two filters should be moistened with dilute hydrochloric acid, then washed
with distilled water and then dried. The amount of ash in one filtar
should then be determined by incineration; the sediment should be col-
lected on the other filter, dried, weighed, and then incinerated. The ash of
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the filter itself being known, the weight of the ignited sediment is the total
weight, less the ash of the filter. If it be wished to carry the analysis far-
ther, the sediment is incinerated; mineral matter remains, while all animal
and vegetable matter, whether previously inanimate or living, is destroyed.
This matter of such various origin is generally stated under the vague terms
of organic or volatile matter, but this gives no idea of its origin. Some of
this so-called organic matter may have been dead; another portion living.

The mineral matter may be further determined by digesting in weak hy-
drochloric acid by the aid of heat; the undissolved matters are silica and
silicate of alumina ; lime, iron, and magnesia will be dissolved, and can be
tested for as hereafter given.

Sus-Secrion II. -
ExaAMINATION OF DISSOLVED MATTERS.

In all examinations of water, if the sediment is not expressly referred to, it
is to be understood that the examination refers only to the dissolved matters.
These are gases or solids.

Gases.—Oxygen, nitrogen, carbonic acid, sulphuretted hydrogen, and car-
buretted hydrogen are the most usual gases. If the three former co-exist, as is
geuerally the case, the oxygen is usually in larger relative amount than in
atmospheric air, as it often reaches 32 per cent. The amounts of oxygen and
carbonic acid depend so much on varying conditions, such as the amount of
exposure to the air, the growth or absence of plant life, and the presence of
animals, as to render the proportions, absolute and relative of the gases, so
variable, that few inferences of hygienic importance can be drawn from their
determination. A lessening, however, in the quantity of oxygen at one part
of its course which a certain water is known to contain, may be useful, as
pointing out that organic matter has been in the water.

Thus Professor Miller found that Thames water contained the following
amount or gases in C.C. per litre, in its flow down stream :—

Kingston, Hammer-  Someret  Greenwich.  Woolwich.
Carbonic acid, 30-3 . 452 556 483
Oxygen, . 74 4-1 15 25 +25.
Nitrogen, . 15 15-1 16-2 154 145

The stability of the nitrogen, the increase in the carbonic acid, and the
lessening of the oxygen, are well seen. If water contain much carbonic acid
bubbles of the gas form on the sides of the glassin which the water is placed.

To determine the quantity of these gases, we require a mercurial trough, a
graduated tube-measure to be filled with mercury inverted into the trough, a
flask, and a connecting tube with a bulb blown onit. The flask is filled with
water and connected with the bulb-tube by an india-rubber tube, which is to
be closed by a clamp. Some water is put into the bulb, and boiled ; this is
to expel air from the connecting tube ; and when this is done, the end of
the tube is put into the mercurial trough under the vessel filled with mercury,
the clamp is removed from the india-rubber tube, and the water is cautiously
boiled for an hour. The gases collect in the mercurial tube, and are mea-
sured (due regard being had to temperature and pressure, and the other cor-
Tections) ; the carbonic acid is absorbed by potash, the oxygen by potassium
Pyrogallate, and the nitrogen is read as the residue.

-A8 regards the carbonic acid, there is an objection to this method, as the
heat decomposes the calcium and magnesium bicarbonates, and therefore the
smount of carbonic acid evolved is greater than existed in the water as free
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carbonic acid.  On the other hand, it is impossible by heat alone to obtain
all the oxygen and nitrogen.

As this operation is a rather delicate one, and requires some practice, and
as the information it gives, in a hygienic point of view, does not appear to be
so useful as that obtained by other methods, it may be omitted except in
cases where the amount of acration is considered very important. The
amount of free carbonic acid can also be determined approximately by the
soap solution subsequently described. Dr Macnamara has directed in his
scheme a still simpler method for the examination of water in India.

Dr Frankland has proposed a very ingenious plan for extracting the gases
from water without heat. It is an application of the Sprengel pump, in
which the Torricellian vacuum of a barometer is made to act as an air-pump.
The gases can be extracted either at the ordinary or boiling temperature. It
is probable that in laboratories where much water analysis is carried on, this
plan will come into general use, but it can hardly at present be applied by
army medical officers.

Hydrosulphuric acid sometimes occurs in water from the decomposition of
sulphates by organic debris, even by the cork of the bottles, and then
liberation of SH, by carbonic acid. In some mineral waters (Marienbad)
sulphuretted hydrogen appears when alga are in the water, but not without.*

If the gas is present in any quantity, it can be detected by the smell
Sulphides have, however, less smell.  Both, even without smell, can be de-
tected by salts of lead. A large quantity of water should be taken in an
evaporating dish, and a little clear lead subacetate or acetate allowed to
flow tranquilly over the surface.  Black fibres of lead sulphide are formed.
If lead acetate is mixed with solution of soda until the precipitate which
at first forms is redissolved, a very delicate test-liquor is obtained. Solution
of sodium nitro-prusside is also a delicate test, and gives a beautiful violet-
purple colour. As it only acts on the sulphides, a little solution of soda must
also be added to detect the free hydrosulphuric acid.

The amount of free hydrosulphuric acid can be readily determined by a
solution of iodine in potassium iodide. Dissolve 6:35 grammes of iodine
in one litre of water by the aid of a little potassium iodide. =~ Make a solu-
tion of starch by pouring a little boiling water on good starch, then rubbing
it well with cold water, and filtering, so as to get an almost clear solution.
Test a little of this with a drop of iodine, to see that it is good. Take a
litre of the water to be examined, put in a little solution of starch, and drop
in from a burette the iodine solution, reading off the amount sufficient to give
the slightest possible blue colour. As 1 C.C. of the iodine solution is equivalent
to 0°0008 grammes of sulphur, or 0-00085 grammes of hydrosulphuric acid,
multiply the number of C.C. of the iodine solution used by ‘00083, and the
result will be the amount of hydrosulphuric acid in grammes per litre. Mul-
tiply this by 70, to bring into grains per gallon, and then by 2:7525, to bring
the grains into cubic inches. To abridge the calculation, a short factor (\164),
obtained by multiplying the above three numbers together, may be used.

Example.

One litre of water required 3-4 C.C. of the iodine solution.
34 x 00085 x 70 x 2°7525 = 557 cubic inches per gallon.
By short Factor.
34 x 164 =557 cubic inches per gallon.
To bring into C.C. per litre, multiply by *592.
34 %592 =201 C.C. per litre.

* Archiv fir Wiss. Heilk, 1864, No. 111. p. 261.
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The determination of the amount of free hydrosulphuric acid may be useful
not only in the analysis of mineral waters, but also in any investigation in
which disease has been traced to this gas.

Carburetted hydrogen in small quantity in water is not readily detected.
Generally there are other impurities, especially if it be derived from gas
impregnation. In larger quantity it sometimes bubbles up from the water of
stagnant pools, particularly if there be much vegetable matter ; and in the
cases of some natural springs in petroleum districts, can be ignited.

Dissolved Solids.

The discrepancies which are sometimes found in the consecutive analyses,
or in analyses by two observers of the same water, probably arise from the
difficulty of always separating the suspended matters. Consequently two
samples apparently similar, may in reality contain variable quantities of
suspended matters which affect the determination of the solids, or influence
other tests.

To avoid this source of fallacy, the water to be examined, if sedimentous,
should be placed in a well-stoppered bottle in a dark place for 24 or 48 hours,
until all sediment has subsided, and the clear water should be then syphoned
off. If the sediment is too fine to subside, the water must be filtered through
paper (previously well washed with weak hydrochloric acid, and then with
distilled water, and then dried), but if possible filtration should be avoidea.

The chemical examination of the dissolved matters is divided into tne
qualitative and the quantitative.

QUALITATIVE EXAMINATION OF DissoLVED SoLips.

The water may be either at once treated, or, in the case of some constituents,
it should be concentrated by evaporation.

Water not Concentrated.

Substance sought

or. Remarks.

Reagents to be used and effectas.

Nitric Acid

Brucine solution* and pure
sulphuric acid.
A pink and yellow zone.

Lime Oxalate of ammonium. Six grains per gallon give turbidity ;
White precipitate. sixteen grains considerable precipi-
tate.

Chlorine Nitrate of silver, and dilute | One grain per gallon gives a haze ; four
nitric acid. grains per gallon give a marked tur-
White precipitate becoming | bidity ; ten grains a considerable

lead colour. precipitate.
Sulphuric Acid | Chloride of barium and dilute | One and a-half grains of sulphate give
hydrochloric acid. no precipitate until after standing ;
‘White precipitate. three grains give an immediate haze,

and, after a time, a slight precipitate.

The sulphuric acid should be poured
gently down to form a layer under
the mixed water and brucine solu-
tion ; half a grain of nitric acid per
gallon givesa marked pink and yellow
zone ; orasrecommended by Nicholson,
2 C.C. of the water may be evayomted
to dryness; a drop of pure sulphuric
acid and a minute crystal of brucine
be dropped in ; ‘01 grain per gallon
can be easily detected.

* Brucine solution is made by dissolving one 1 v .
test may be used in another way : mix a crystal of brucine with a drop of sulphuric acidona
watch glass, and then let a drop of water run down into it.

mme in 1000 C.C. of distilled water. The

E
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Wuter not Concentrated—continued.

Substance sought
for.

Reagents to be used, and cffecta.

Remarks.

Nitric acid

Nitrous Acid

Ammonia

Iron

Sulphuretted
ydrogen

Sulphides

Solution of sulphate of iron
and pure sulphuric acid.
Olive-coloured zone.

Todide of potassium® and
starch in solution, and di-
lute sulphuric acid.

An immediate blue colour.

Nessler’s solution.
A yellow colour or a yellow
rown precipitate.
Red and yellow prussiates of
potash.
Blue precipitate.

A salt of lead.
Black precipitate,

Nitroprusside of sodium.
A beautiful violet purple
colour.

Add an equal bulk of pure sulphuric
acid to the water, ang after cooling
pour in gently the iron solution, so as
to float above the mixed acid and water.

Add the solution of iodide of potassium
and starch, and then the acid ; the blue
colour should be immediate ; make a
comparative experiment with distilled
water.

If in small quantity, several inches in
depth of water should be looked down
on a white ground.

The red for ferrous and the yellow for
ferric salts.

When the water is heated the smell of
sulphuretted hydrogen may be per-
ceptible.

A Dblack precipitate with lead, but no
colour with nitroprusside, shows that
{)hc s;lphuretted hydrogen is uncom-

ined.

Water Concentrated to ¢th.

Substance sought
for.

Reagents to be used, and effects.

Remarks.

Mugnesia

Phosphoric
Acid

Nitric Acid

Silicic Acid

Oxalate of ammonium to pre-
cipitate lime, then after
filtration a few drops of
phosphate of sodium, of
chloride of ammonium,
and of liq. ammonie. A
crystalline precipitate in
24 hours.

Molybdate of ammonium and
nitric acid.

A yellow colour, and on
standing a precipitate.

Brucine and iron tests,

Evaporate to  dryness,
moisten with strong hy-
drochloric acid; after
standing, add boiling dis-
tilled water ; pour oft tluid;
dry, ignite; repeat the
treatment with hydrochlo-
ric acid and water ; dry,
ignite again, and the re-
sidue is silica, or silicate
of aluminium.

A precipitate forms in 24 hours, and is
the triple phosphate either in the
shape of prisms or in feathery crystals.

Add the nitric acid, and stir with a
%La:is rod, then add molybdate and
il.

If the nitric acid is in small quantity
it may not be detected in the uncon-
centrated water.

The residue may be weighed, and thus
the silica determined quantitatively.
A little clay or oxide ol iron will be
sometimes mixed with it.

* Iodide of potassium, 1 part ; starch, 20 parts; water, 500 arts; make he starch first and
filter when cold, and add to the solution of jodide of potassium.
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Reaction.—The reaction of water is usually neutral; if it is acid, this will
probably be from carbonic acid, and i3 then slight, and disappears on boiling.
If the alkalinity is evanescent it is from ammonia, but this is very rare ; if
permanently alkaline, it is so from carbonate of sodium ; if permanently alka-
line only on concentration, this is from sodium carbenate in small quantity.

Organic Matter.—Many kinds of organic matter can be detected either by
chloride of gold or permanganate of potassium. The chloride of gold solu-
tion should be neutral or only feebly acid, and 100 C.C. of the water should
be made yellow with a few drops and boiled. Both nitrites and oxidisable
organic matter reduce the gold, and give a more or less dark purplish colour
and a dark violet precipitate. The permanganate of potassium is decomposed,
and its pink colour is destroyed, by sulphuretted hydrogen, nitrites, and
oxidisable organic matter. A few drops of solution of permanganate are
added to 100 C.C. of water and stirred ; the red colour at first caused dis-
appears at once from H.S, or from nitrites, more slowly from oxidisable
organic matter. Bcth tests are rude, but are often useful. Tannin is some-
times used, and throws down a precipitate with some organic matters, but
its indications are less delicate.

Lend.—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 potassium iodide. If the lead is in very small
quantity, acidify at least half a gallon of the water with acetic acid; add a
little ammonium acetate (to prevent the lead precipitating as sulphate), eva-
porate to a small bulk, filter, and pass SH, through. Collect the lead sul-
phide, and proceed as above. Copper may also give a black, with SH,. Iron
gives a brown colour.

Arsenic, if present, can be detected by evaporating a litre of the water
previously rendered alkaline with a little sodium carbonate, acidulating the
concentrated water with pure hydrochloric acid, and determining by Marsh’s
test or Reinsch’s. :

Inferences from the Qualitative Tests.

Sometimes no time can be given for quantitative determinations, and the
qualitative tests are the only means available by which the question so con-
stantly put, whether a water is wholesome, can be in some degree answered.

If chlorine be present in considerable quantity, it either comes from
strata containing chloride of sodium or calcium, from impregnation of sea
water, or from admixture of liquid excreta of men and animals. In the
first case the water is often also alkaline, from sodium carbonate ; there is
an absence, or nearly so, of oxidised organic matters, as indicated by nitric
and nitrous acid and ammonia, and of organic matter ; there is often much
sulphuric acid. If it be from calcium chloride, there is a large precipitate
with ammonium oxalate after boiling. If the chlorine be from lmpregnation
with sea water, it is often in very large quantity; there is much maguesia,
and little evidence of oxidised products from organic matters, If from
sewage, the chlorine is marked, and there is coincident evidence of nitric
and nitrous acid and ammonia, and sometimes phosphoric acid ; and if the
contamination be recent, of oxidisable organic matters. A stream fouled by
animals or excreta may thus show at different times of the same day dif-
ferent amounts of chlorine, and this, in the absence of rain, will indicate
contamination.

Ammonia is almost always present in small quantity, but if it be in large
amount, and be unaccompanied by nitric and nitrous acids and chlorire, it
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probably indicates vegetable impregnation, and perhaps a marsh origin. A
large quantity of ammonia in water is always suspicious. If nitrates, &c.,
be also present, it is more likely to be from animal substances, excreta, &c.
Nitrates and nitrites indicate previously existing animal matters, excreta,
remains of animals, or other animal substances ;* -but it has not yet been
proved that vegetable matters may not furnish nitrates. If nitrites largely
exist, it is generally supposed that the contamination is recent. The coinci-
dence of easily oxidised organic matters, of ammonia, and of chlorine
in some quantity, would be in favour of an animal origin. If a water gives
the test of mitric acid, but no nitrous acid, and very little ammonia, either
nitrate of potassium, sodium, or calcium is present, derived from soil impreg-
nated with animal substances at a long anterior date. If nitrites are present
at first, and after a few days disappear, this arises from continued oxidation
into nitrates ; if nitrates disappear, it seems probable this is caused by the
action of bacteria, or other low forms of life. Sometimes in such a case nit-
rites may be formed from the nitrates. Phosphoric acid, if in any marked
quantity, indicates origin from phosphatic strata (which is uncommon) or
sewage impregnation. ILime in large quantity indicates calcium carbonate
if boiling removes the lime, sulphate or chloride if boiling has little etfect.
Testing for carbonate of lime is important in connection with purification
with alum. Sulphuric acid in large quantity, with little lime, indicates
sulphate of sodium, and usually much chloride and carbonate of sodium are
also present, and on evaporation the water is alkaline. If water acts greatly
and rapidly on potassic permanganate, nitrites or sulphuretted hydrogen will
probably be found ; if not, the rapid action is from organic matter, which is
decomposing ; probably animal, as vegetable matter acts more slowly. Fer-
rous salts, which also act on permanganate, are uncommon in drinking waters.
Large evidence of nitric acid, with little evidence from permanganate, indi-
cates old contamination; if the permanganate gives large indications, and
especially if there be nitrous acid as well as nitric, the impregnation is recent.

QUANTITATIVE ExaMINATION OF DissoLvep Sorips.

The gases dissolved in the water have been already alluded to. Of the
solids in water, some are mineral, and derived from the mineral constituents
of the soil, such as lime, magnesia, and part of the chlorine, sulphuric,
carbonic, and silicic acids; others are also inorganic, but are derived from
the remains of animals or vegetables, by oxidation or solution, or from the
atmosphere, as ammonia, nitric acid, nitrous acid, some of the chlorine,
sulphuric, and phosphoric acids. Other constituents, derived from numerous
sources, are vegetable or animal matters, which are usually unstable, and are
undergoing disintegration and oxidation. They may be nitrogenous or not.
The composition of these substances is doubtless extremely various; the
determination of the total quantity is difficult ; the separation of the dif-
ferent kinds from each other, at present, impossible.

The methods by which the quantity of this organic matter (to use its
familiar name) can be expressed have been lately much debated, and even
now there is no general agreement ;t nor, at present, is there any plan by

* Dr Frankland has considered these substances as the representatives of ‘ previous sewage
contamination.” In many cases they are so, but it cannot be held that they are always so:
any nitrogenous substance, quite apart from sewage, may furnish them, so that the phrase has
been objected to, and is better avoided.

T The following plans have been tried at successive times :—

1. The estimation by ignition of the dried solids. However useful ignition is as indicating
the presence of nitrites, nitrates, or organic matter, the results are very uncertain as regards
quantity, owing to the loss of hygrometric water, the decomposition of earbounates, and errors
arising in recarbonating, the loss of nitrites and nitrates, and in some cases of chlorine, as well
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which dissolved vegetable may be distinguished from animal matter, except
by reference to the microscopic characters of the sediment, to the source of
the water, and the coincident inorganic substances.
The quantitative processes which appear, in a hygienic sense, to be most
useful are as follow :— :
. Determination of the total dissolved solids.
2. Determination of certain mineral substances.
(2.) Chlorine.
(b.) Earthy salts.
(c.) Sulphuric acid.
3. Determination of the products of organic matter.
(2.) Ammonia.
(0.) Nitric acid.
(c.) Nitrous acid.
4. Measurement of the nitrogenous and oxidisable organic matter.
(«.) In terms of albuminoid ammonia.
(b.) In terms of oxygen required to oxidise.
5. In certain cases the amounts of silica, iron, and the alkaline chlorides
may be determined.

[

as the destruction of organic matter. Hence ‘‘substances driven off by heat,” or * volatile
sulstances,” is not an equivalent expression for ¢ organic matters,”

2. Precipitation by perchloride of iron, weighing, incinerating, and weighing again. The
dirﬁc;ﬂty here is that all the organic matter is not precipitated, and other mineral substances
ay be. .

3. The determination of the nitrogen and carbon in the organic substances. This is the
plan proposed by Dr Fraukland, who determines the nitrogen in the ammonia, nitric and
nitrous acids which may be present, and also that in organic combination, and in this way gets
at the nitrogen, which must have formed part of the organic matter (‘‘ organic nitrogen”). In
the same way the carbon existing other than in the slm{ve of carbonic acid is determined
(** organie carbon ”'). He has proposed a most ingenious and beautiful process, a short account
of which the medical ofticer will find 1in my Report on Hygiene in the Army Medical Depart-
ment Blue Book, vol. viii. p. 3¢0. The most recent and best account of the whole process is
contained in the second edition of Sutton’s ““ Volumetric Analysis,” p. 259. Tlus plan requires
so much apparatus. time, and skill, as to be quite beyond the reach of medical officers, and it
wauld also appear that in the hands of even very able chemists it gives contradietory results ;
the quantities are in fact so small, and the chances of error so repeated, that in its present
formi this really beautiful plan seems not adapted for hygicnic water analysis. It is also diffi-
cult to know what construction should be put on the results ; a water containing much non-
mtrogenous organic matter may give a very much larger amount of ““organic carbon” than a
water containing a much smaller amount of nitrogenous matter, and yet be much less hurtful.

4. The determination of the nitrogen of the organic matters (as ammonia) by means of
alkaline permaunganate of potassium (* albuminoid ammonia ”), after all ammonia existing as
such in the water has been got rid of. This plan, proposed by Wanklyn and Chapman, has
the 1nerit of simplicity and rapidity. It has been objected to by Frankland on t}lc ground
that the whole of the nitrogen is not obtained. There is no doubt of this; but Wanklyn
atfirms that the quantity obtained is constant, and therefore comparisons between different
waters can be instituted. Thudichum and Dupré, in their work on Wine (p. 262), state that
they find the albuminoid ammounia process so accurate for albumen in wine, that they use it in
preterence to other methods. It must be confessed, 1 think, that this point has not yet been
probed to the bottoin, and that especially the relation of the ‘““albuminoid ammonia ” to disease
produced by the water has not been yet made out. The ‘“albumineid ammonia” of pure
potable water has been simply taken as a standard, and the wholesomeness of other waters
sudged of by reference simply to this.  But at the present time it appears to me the best pro-
~=3 we have, and (with some reservation as to the precise inferences to be drawn from it) it
secms likely to be generally adopted.

5. Estimation of the organic matter in terms of the oxygen required to oxidise it, the per-
manganate of potassinm being the oxidising agent. This process has been much used and
muchohjected to, and some chemists have now given it up. It gives, certainly. only an approxi-
mation, requires care, and will only indicate the organic matter capable of oxidation. Yet it
gives really useful information, as it often adds additional evidence to Wanklyn's method, and
S1ves some indication as to the old or recent origin of nitric acid. and is easy of application.
In syute of the opinion expressed against it by Frankland and others, it appears to me very
undesirable to discontinue 1t ; and in those cases where, from want ot apparatus, the distilla-
tion ne;:fssary for Wanklyn and Chapman’s method cannot be done, it is at present absolutely
easenty
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The statement of results is usually given in this country in grains per
gallon, or in parts in 10,000 or 100,000 ; or it may be given in grammes
per litre, which is the same as parts per 1000, and by shifting the decimal
point to the right, parts per 10,000, 100,000, or per million are obtained.
The smaller quantities are conveniently expressed in milligrammes per litre.*

1. Determination of the Totul Dissolved Solids.

The remark already made about susperded matters must be attended to;
if possible, obtain a clear water by subsidence rather than by filtering
through paper. The solids are determined by evaporation. If very good
scales are available, 200 C.C. of the water are suflicient ; if the scales are
inferior, 500 or 1000 C.C. of the water must be taken ; then evaporate to
dryness with a moderate heat, taking care that the water does not boil, else
there may be loss from spurting. If the smaller quantity be taken, the
whole evaporation may be conducted in one vessel (of plutinum if possible);
but if the larger amount must be used, the evaporation should be com-
menced in a large evaporating dish, and the concentrated water and deposit,
if any, transferred into a small weighed crucible. The transference demands
great care, so that none of the solids shall remain encrusted in the evaporat-
ing dish.  All the contents of the large dish being transferred, evaporate to
complete dryness in an air, water, or steam bath, keeping the heat below
212° Fahr. When the solids appear quite dry, raise the heat (in an air bath)
to 260° or 270° and keep it heated for half an hour to one hour. Weigh as
soon as the capsule is cold, as the dried mass may be hygrometric.

Professor Wanklyn advises a very simple form of steam bath. A common
two gallon tin can is taken, a perforated cork fitted in the mouth, and a
funnel passed through the perforation ; the crucible is placed in the funnel.
a little roll of paper being placed between the funnel and crucible to let the
steam pass. Water is boiled in the tin can.

Dr Frankland recommends that the heat shall not be carried above 212°
Fanr., while some chemists advise a heat of over 300°. At 212° some water
may be retained, while at 260° some organic matter may be dissipated ; but
as there is really loss of organic matter in some cases below 212° and not
much more at 260° it seems safer to have the heat carried to the latter point,
and to be thus sure of perfect dryness.

For the same reason (viz., not to cause loss of organic matter or ammoniacal
salts) it is best not to add any sodium carbonate, unless there be any mag-
nesium chloride in the water, when a weighed quantity of pure sodium car-
bonate can be added.

If the heat is only carried to 212° it should be continued for a long time.

The dried mass should be now weighed and calculated as grammes per
litre, or as grains per gallon.

The determination of the total solids is a most important point, and should

* Grammes per litre are converted into grains per gallon by multiplying by 70. Milli-
grammes per litre, if multiplied by 07, are brouzht into grains per gallon.  Grains per gallon
are converted into parts per 100,000 by dividing by 7 ; parts per 100,000 are brought into
grains per gallon by multiplying by -7,

Equivalents of the French weichts :—

Gramme,

15°43 grains.
Decigramme, 54¢

1543 ,,

Centigramme, 1543,
Milligramme, 01543
Litre, 1-764 pints.
Cubic¢ Centimetre, 16°9 minims.

vy

2400, 1 fluid ounce avoir.
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be very carefully done. It gives a control over the other quantitative deter-
minations, and if erroneous may make the other conclusions wrong.

Incinerate the dried solids with as low a heat as possible ; watch the pro-
cess, and note if there be much blackening, or if any fumes can be seen, or any
smell be perceived as of burnt horn. A piece of filtering paper dipped in
solution of potassium iodide and starch, and then dried, or a piece of ozone
paper, should be held over the crucible to detect any nitrous acid which may
be given out.

Three grains per gallon of either vegetable or animal organic matter cause
some blackening ; six grains per gallon, a good deal; and ten grains per
gallon, a great amount,

The lozs on ignition may be stated as “volatile substances.” It consists
of destructible organic matters, nitrites, ammoniacal salts, combined water,
and sometimes chlorides. The variableness of the composition of the
“‘volatile substances " has led to the disuse of the process by ignition as too
uncertain. Combined with other evidence it gives, however, some useful
indications. The incinerated solids may be examined for silica and iron, as
bereafter noted.

2. Determination of Certain Mineral Constituents.

Chlorine.

Chlorine may be determined very rapidly by the volumetric method.

Make a solution of pure silver nitrate, by dissolving 17 grammes (one-
tenth of an equivalent) in 1 litre of water. Of this solution 1 C.C. — 0-00355
of chlorine, or 0°00585 of sodium chloride,®

If the preliminary test shows a very small quantity of chlorine, a litre
must be evaporated to a small bulk ; if the chlorine be in large amount, take
at once a litre of the water to be examined ; add enough solution of vellow
potassium chromate to make the solution just yellow, and drop in the silver
nitrate from the burette, and stir after each addition. The red silver chro-
mate which is first formed will disappear as long as any chlorine is present.
Stop directly the least red tint is permanent. Deduct 01 C.C. if the water
has been evaporated, or 0-6 C.C. if it has not been evaporated, from the
amount of C.C. used, and multiply the remainder by the co-efficient of
chlorine, or of sodium chloride if it be assumed that that salt only is present.
Neither the solution of silver nor the water must be acid ; if the latter is
acid, a little sodium carbonate must be added.

E.cample.—A litre of water was evaporated to about an ounce.’

A few drops of potassium chromate, and 16-4 C.C. of silver solution gave a
red colour—(16°4 —°1) x ‘00355 = 0-0578 grammes per litre; ‘0578 x 70 = 4-04
grains per gallon.

This calculation may be shortly performed by multiplying the number of
C.C. used (after correction for colour), by ‘248.. The result is grains per
gallon.

If it be reckoned as sodium chloride, the factor should be *409.

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

Eurthy Salts (lime and magnesia).
Clark’s very useful soap test offers a ready mode of determining these suh

* If 4-788 grammes of nitrate of silver are taken, instead of 17 grammes, and dissolved in
1 litre of water. 1 C.C. will correspond to ‘001 of chlorine. This is the strength ordered in Dr
Macnamara's schene.
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stances in a manner quite sufficient for hygienic and economic purposes.*
The processes with the soap test may be divided into two headings.

(a.) The determination of the aggregate earthy salts, as expressed by the
term hardness. The aggregate determination can be divided into two kinds
of hardness, viz., that which is unaffected and that which is affected by boiling,
and these are termed the permanent and the removable hardness.

(0.) The determination of the amount of certain constituents, as the
lime, magnesia, sulphuric acid, and free carbonic acid. These results are
only approximative, especially in the case of the magnesia; but they are
very useful, as they give us enough information for hygienic purposes, and
are done in a very short time.

Apparatus required for the Soap Test.t—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 calcium chloride. Dissolve
0-1 gramme of pure calcium carbonate (white marble or Iceland spar) in pure
hydrochloric acid ; evaporate to dryness ; dissolve ; evaporate again 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 calcium car-
bonate to 1 gallon. Label this, «“ Standurd solution of calcium chlmide.”

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

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

3. Instead of the lime solutions, barium nitrate may be employed. All
the trouble of evaporation isavoided. The strength of the standard solution
is 0-26 grammes of pure barium nitrate to 1 litre of water ; of the concen-
trated solution, ten times this strength, or 2-6 grammes per litre. In English
weights these are 18-2 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-
copeeia in equal parts of alcohol and water ; filter and graduate. Or rub in
a mortar, emplastrum plumbi of the Pharmacopceia with dry potassium car-
bonate, in the proportions of 150 to 40, or 3§ to 1; lead carbonate and
potassium oleate are formed ; dissolve in rectified spirit, filter and graduate.3

Method of Graduation.—Take 50 C.C. of the stundard solution of lime
or baryta ;* put into the shaking bottle, and add to it slowly the soap solu-
tion 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 22 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 be
added. Suppose 1-6 C.C. have been used, and that the whole of the unused
soap solution which has been made measures 210 C.C., then

Asl6 : 22 : : 210 : =z
x = 2887 C.C.

* The soap solution here recommended was suggested by Assistant-Surgeon Nicholson, R.A.,
who has also given a complete system of analysis based on the soap test, ““ Chemical Journal,”
December 1862, Clark’s solution may, however, be used.

+ M M. Boutron and Boudet, some years ago, made some modifications in the soap test
manipulation, and their plan is now commonly followed in the French army, and is termed
‘¢ Hydrotimetrie.” I am indebted to this plan for several adaptations.

+ Redwood and Wood. By this plan a very pure and unalterable soap solution is obtained.
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The 210 C.C. must then be diluted with spirit and water 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 to make the soap solution too strong
at first.

As the accuracy of all the subsequent processes depends on this gradua-
tion, it is necessary to take the greatest care in the operation.

In all cases the glasses, burettes, &c., must be perfectly clean; the least
quantity of acid, for example, will destroy the accuracy of the process.

Rationale of the Process—When an alkaline oleate 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
bases are 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 bases. 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 a tendency to form double
salts (Playfair and Campbell), so that the determination of magnesia is never
80 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 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 term tenth of a centimeter, it will be con-
venient to call each tenth of a centimeter one measure.

15 C.C. or 1 measure Soap solution } .00014 lime or 0001 calcium.*

equals in grammes ’
” 5 *0001 magnesia or ‘00006 magnesium.

‘0002 anhydrous sulphuric acid SO,
or ‘00024 SO,.

00025 calcium carbonate.

‘00034 calcium sulphate.

‘00021 magnesium carbonate.

*00022 carbonic acid CO,o0r0003 CO,,

000115 sodium.

‘000195 potassium.

‘000177 chlorine.

‘00014 iron.

Processes with the Soap Test.

(2.) Determination of the total Hardness 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 perma-
nent for five minutes, the process is complete ; if it breaks before that time,
wld a drop or two more of the solution, and so proceed until a lather be
obtained that is permanent for five minutes.

” ”

” ”
” 1
" ”
” ”
” »
” ”»
” ”
k2 3

* The numbers of the metals as well as of the oxides are given, as the custom is becoming
general of stating the amount of the metals themselves. So also the sulphuric acid may be
rated as SO, (like chlorine) instead of SOy; this also facilitates a_ealculation of combinations,
If this i3 desired. For the same reason, the corresponding quantities of chlorine and sodium
are given, for the convenience of calculation.
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Then read off the number of measures of soap solution used.

From the total number of measures (or tenths of a centimeter) used, deduct
two, as that amount is necessary to give a lather with 50 C.C. of the purest
water, and this deduction has to be made in all the processes. The soap
solution which has been used indicates the hardness due to all the ingredients
which can act on it ; in most drinking waters there are only lime and mag-
nesian salts, iron, and free carbonic acid.

The amount of this total hardness is, for convenience, usually expressed in
this country in the manner proposed by Dr Clark, i.e., though dependent on
various causes, it is expressed as equivalent to so much calcium carbonate
per gallon, and in Clark’s scale 1 grain of calcium carbonate per gallon is
called 1 degree of hardness. Express the total hardness, therefore, in degrees
of Clark’s scale,

This is done as follows :—

Each 0-1 C.C,, or in other words, each measure, of our soap solution corre-
sponds to ‘00025 of calcium carhonate. Multiply, therefore, this co-efficient
by the number of measures of soap solution used, and the result is the hard-
ness of 50 C.C. of water expressed as calcium carbonate. Then, as we have
acted on one-twentieth of a litre, multiply by 20 to give the amount per
litre, and then by 70 to bring the amount of grains per gallon.

Ecample.—A lather was given with 52 C.C., or 52 measures of the soap
solﬁltion. (82 —2) x 100025 x 20 x 70 =175 grains of calcium carbonate per
gallon.

Hardness expressed as calcium carbonate = 17°'6 Clark’s scale

(viz.,, 1°=1 grain of CaCO, per gallon).

The same result (viz., grains per gallon) is obtained if the number of

measures (less 2) is multiplied by *35 ; thus, 52 measures were used
(52-2)x35=17".

If the hardness of the water exceeds 80 measures of the scap solution, 25
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 quali-
tative examination, it will enable any one to say whether an objectionable
amount of earthy salts exists in the water. The result just given is the total
hardness, and this is again divided into the permanent and the removable.

The Permanent or Irremovable Hardness.—Boil a known quantity briskly
for half an hour, and replace the loss by distilled water from time to time,
allow to cool in the vessel, which should be corked, and determine hardness
in 50 C.C. If distilled water is not procurable, then boil 200 C.C. down
to 100 ; take half the remainder (=100 of unboiled water) and determine
hardness.  After deducting 2 measures, divide the number of measures by 2
for the hardness of 50 C.C., and calculate as usual.

By hoiling, all carbonic acid is driven off ; all caleium carbonate, except
about 2 grains per gallon, is thrown down ; the calcinm sulphate and chloride
are not affected if the evaporation is not carried too far; the magnesium
carbonate at first thrown down is redissolved as the water cools. If iron is
present, most of it is thrown down.

Ezample.—Before boiling, 52 measures, and after boiling 23 measures, of
the soap solution, were used.

(23 —2) x *00025 x 20 x 70="7-35 grains of calcium carbonate per gallon.
Removable Hardness—The difference between the total and the permanent
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hardness is the temporary or removable hardness, which in the example would
be 17-5 — 7-35 =10°15 grains of calcium carbonate per gallon.

The amount of permanent hardness is very important, as it chiefly repre-
sents the most objectionable earthy salts—viz., calcium sulphate and chloride,
and the magnesian salts. The greater the permanent hardness, the worse is
the wuter. The permanent hardness of a good water should not be greater
than 3° or 4° of Clark’s scale.

The determination, then, of

1. The total hardness,

2. The permanent or irremovable hardness,

3. The removable or temporary hardness,
will enable us to speak positively as to the hygienic characters of a water, as
far as earthy salts are concerned.*

* Determination of Certain Constituents by Soap.—In many cases the analyses must end with
the above processes ; but it may be desirable to carry it farther, and to determine the amount
of some ingredients : for example, lime, magnesia, sulphuric acid, carbonic acid.

An approximate estimate can be given of several of these ingredients by the soap test, which
is sufficient for hygicnic purposes; and any one who has learned to properly determine the
bardness of a water, will be able to carry on the process into finer details.

Lime by the Soap Test.—Messrs Boutron and Boudet have proposed, after determination of
total hanlness, to precipitate the lime by ammonium oxalate, and then to determine the hard-
ness again.  The difference will be owing to lime removed. The ditliculty here is to add
enonghi, and not too much, of ammonium oxalate, which itself in excess gives hardness,

I have found the best way to perform this process is to have a perfectly concentrated clear solu-
tion of ammonium oxalate, and to add to 50 C.C. of water 1 drop for every 4 measures of soap
solution u<ed ; then in other bottles, to add respectively, 1, 2, and 3 dreps more.  Then deter-
mine 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 ammonium oxalate.
The water need not he 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. X

Then multiply the ditference hetween the total hardness and the hardness after the addition
of the oxalate by the co-eflicient for lime ; this is “00014, as each measure of the soap solution
 equivalent to this amount of lime.

Example.-~Total hardness, . . . 52
After lime precipitated, . . 10
Difference, . . 42

42 measures x ‘00014 x 20 x 70=_8"232 grains of lime per gallon.

Or, to save trouble, multiply the number of measures by ‘196 ; the result is grains per gallon.
If carefully done this result will be near the truth.

Mayuesia by the Soap Test.-—Boutron and Boudet propose 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. This is by no means so accurate a process as that of
the ime ; tife lather is formed much less perfectly and sharply, and in addition the constitution
of the magnesia and soap compound is variable. The result must be considered as quite
approximative.

ake 200 C.C. of water ; add to it the number of drops of solution of ammonium oxalate
known to be sufficient by the lime experiment ; allow to stand for twenty-four hours ; filter,
hoil for half an hour, replace loss by distilled water; allow to cool in the vessel, which should
be well corked, and determine hardness in 50 C.C.

As the lime has been thrown down and all iron removed, and carbonic acid driven off, the
hardness is owing to magnesian salts of some kind.

Caleulate as magnesia. the co-efficient of which, for each degree of soap solution, is -0001,
or, as magnesium, the co-efficient of which is -00006.

Ezample.—Hardness, after driving off carbonic acid by boiling and precipitating lime=11.

(11-2)x -0001 x 20 x 70=1-26 grains of magnesia per gallon.
Or, tn save tronble, multiply the number of degrees by ‘14 ; the result is grains per gallon.

Although this result is approximative, it is really nearer the truth than the determination by
weirhing in the hands of a beginner.

Free Carbonic  Acid—Determination by the Soop Test.—In order 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, so as to disengage some of the CO,, and then that the air should be sucked
out.  But this does 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 by ammonium oxalate, without adding an excess, and determine the hand-
uess in 50 C.C. a8 usual. The hardness will be owing to maguesian salts, iron, if it exists (or
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Sulphurie Acid.

Take a known quantity of the water (500 to 1000 C.C.), acidify with
hydrochloric acid and evaporate, but not so far as to run any risk of throwing
down sulphate of calcium; filter, and then add chloride of barium; allow to
stand, and wash the precipitate by decantation ; dry ; weigh ; multiply pre-
cipitate by *34305 to get the amount of sulphuric anhydride (SO,), or by
‘411, if it is wished to calculate it as SO,.

The sulphuric acid can also be determined by the soap test in a very
short time.

Sulphurie Acid by Soap Test.—This plan was proposed by Boutron and
Boudet, and is briefly as follows :—The hardness of the water being known,
50 C.C. of the weak barytic solution (‘26 grammes per litre) are added to 50
C.C. of water, and the mixture is allowed to stand for 24 hours. The hard-
ness (supposing no SO, were present) would be exactly equal to the original
hardness of the water and of the barytic solution combined. But SO, being
present, barium sulphate is precipitated, and there is a loss of hardness.
Kach degree of loss equals ‘0002 of sulphuric anhydride (SO,).

Exumyle.—Original hardness . . . . . 62
50 C.C. barytic solution . . L 22

84
After precipitation . . . . . 712
Difference . . . 12-8

‘0002 x 128 x 20 x 70 = 3:584 grains per gz'tllon of SO,.

alumina or baryta in mineral waters), and carbonic acid. If, now, the water, freed from lime,
be boiled, and the loss of water replaced by distilled water, the carbonic acid will be driven off.
The hardness should be then again determined. The difference between the first and secoud
trials will (if no iron exist in the water) give the amount of soap solution which had been pre-
viously acted on by the carbonic acid. .

Ezample.—1. Total magnesian and carbonic acid hardness, = 12 measures.
2. Magnesian hardness, . . . .= »
Carbhonic acid hardness, . .= b

1 measure of soap sol. corresponds to ‘00022 grammes carbonic acid. Therefore,
‘00022 x 5 x 20 x 70=1-54 grains per gallon.
As 2116 cubic inches weigh one grain, multiply the number of grains by 2:116 to bring into
cubic inches per gallon.
1-54x2:116=3-25 cubic inches.
Or, to shorten the calculation, multiply the number of degrees of soap solution”by “65; the
result, is the amount of cubic inches per gallon.
5x *65=325 cubic inches per gallon.

If much iron exists in the boiled water, it must be determined and its amount deducted :

one measure of soap solution corresponds to ‘00014 grammes of iron (Fe).
Determination of Lime and Magnesia by Weight.

It may be desired to determine the lime and magnesia by weight, and the following processes
can then be used :—

Lime by weiyht. —Take a known quantity of water; add ammonium oxalate, and then
ammonia enough to give an ammoniacal smell.  Allow precipitate thoroughly to subside, and
then wash 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. 1f a tilter is used,
wash precipitate on filter ; dry ; scrape precipitate fromn filter, and place in & platinum crucible ;
burn filter to an ash, by holding it in a strong gas tlame, and place it also in the crucible.
Heat the crucible to gentle redness for tifteen minutes, moisten with a little water, and test with
turmeric paper. If no reaction is given, the process is done. If the paper is browned (show-
ing presence of caustic lime), tecarbonate with ammonium carbonate, drive off excess of
awnonia, dry, and weigh,

The sunstance weighed is calcium carbonate ; multiply by 56, and the result is lime.

Magnesia by weight.—Tuke the water from which the lime has been thrown down ; evapo-
rate to a small bulk; filter if there be turbidity; add solutioun of ammonium chioride and
ammonia to slight excess ; then add a solution of sodium phosphate ; stir with a glass rod ;
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Usually this process gives good results. Occasionally, from some cause of
which I am ignorant, the barium sulphate does not precipitate. This does
not depend on the amount of sulphuric acid. The ease with which this
process is done renders it useful. The barytic solution is only strong enough
to precipitate 5'6 grains of sulphuric acid per gallon, so that half the water
only must be taken, or less, if the sulphuric acid be evidently in large
amount.

3. Determination of the products of Organic Matter.

Ammonia.

Strictly speaking neither ammonia nor nitric acid are derived solely from
organic matter, as both are found in the atmosphere, in which the latter sub-
stance, at any rate, is produced by electric discharges. The average amount
of ammonia in the forms of carbonate, nitrate, nitrite, chloride, and sulphide,
passing from the atmosphere into drinking water seldom exceeds ‘00079
grammes per litre (=-055 grains per gallon) in the country, but in towns
may be much more, even ‘03 per litre (Bineau in Lyons) of both bodies.
Organic matter passing into water is, however, the chief source, and it seems
clear that both vegetable and animal substances will give rise to ammonia.

The very delicate test of ammonia discovered by Nessler* was first applied
to quantitative determinations by the late Professor Millar and Mr Hadow,
and more recently has been adopted by Dr Frankland, and by Professor
Wanklyn and Mr Chapman. It is now very largely used in water analysis,
and affords a method of determining several important constituents.

Preparation of Nessler's Solution.—Take 50 grammes of potassium iodide,
and dissolve in 250 C.C. of distilled water; reserve a small quantity, and
to the larger part, add a strong aqueous solution of corrosive sublimate,
until the precipitate ceases to disappear, then add the reserved solution of
iolide so to just dissolve the red precipitate; filter, and add to the filtrate
200 grammes of solid potash dissolved in water. Dilute to 1 litre, and add
5 C.C. of a saturated aqueous solution of mercury bichloride. Allow to sub-
side, decant the clear liquid, and keep it in a dark place.

Standard Solution of Ammonium Chloride.—Make a solution of ammo-
niam chloride by dissolving ‘0315 grammes in a litre of water; this is
equivalent to ‘01 gramme of ammonia (NH,) in the litre ; in other words,
each C.C. will represent ‘00001 of ammonia.

Instead of weighing ‘0315 grammes, it is best to make a solution of ten
times the strength (viz, ‘315 per litre=-0001 of NH, for 1 C.C.), and to
dilute it when required by adding nine parts of water to one of the liquid.
If sulphate of ammonia is used instead of chloride, the amount is -3832
grammes per litre for the #frong solution (1 C.C.=-0001).

Pure Distilled Water.—If distilled water is redistilled, and the first por-
tion be rejected, the next portion is usually free from ammonia. Or the
water may be distilled from potassium permanganate. DBefore the test is
used, the water should itself be tested with Nessler’s solution, and it should
be al:o certain that it contains no organic matter which can furnish
ammonia.

et aside for twelve hours ; throw precipitate on a filter, carefully detaching it from the sides
of the glass ; wash with ammoniacal water ; dry ; incinerate in an intense heat ; weigh, taking
care to deduct the ash of the filter known by previous experiment. The substance is mag-
mesinm pyrophosphate ; multiply by ‘36036 to get the amount of magnesia.

* The hrown precipitate produced by Nessler's solution has the cumtﬁsition NHgz, I, OH, ;
there are 17 parts of ammonia in 559, so that multiplying the weight of the precipitate by ‘03041

(viz., 3]".’9) gives the weight of the ammionia.
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These solutions being ready, the following process is gone through :—

Tuke a glass cylindrical vessel, and put in 100 C.C. of the water to be
examined ; add 1} C.C. of Nessler's solution; if there be ammonia, a yellowish
hrown colour will be given ; then put into another cylinder as many C.C. of
the standard ammeoenium chloride solution as may be thought necessary (prac-
tice soon shows the amount), and fill up to 100 C.C. with the pure distilled
water; drop in 1} C.C. of Nessler’s solution. If the colours in the two
cylinders correspond, the amount of ammonia in the water under examina-
tion will be the same as the amount in the solution of ammonium chloride
put into the second cylinder. If the colours are not the same, the second
cylinder must be emptied and another quantity of ammonium chloride
used, or more ammonia at once added, and so on till the two cylinders show
precisely the same shade of colour.

Example—To give equal colour, 16 C.C. of standard solution had to be
put in No. 2 cylinder. Therefore, there were ‘00016 grammes of ammonia
in the 100 C.C. of water, or ‘0016 per litre.

Very often the water when acted upon in this way becomes hazy, and it
is impossible to estimate the colour; the addition of a few drops of liquor
potassx to 100 C.C., and allowing the water to stand for a few hours, and then
adding the Nessler’s solution, will sometimes remedy this.

Mr Crookes recommends the following plan for the estimation of ammonia
in water without the intervention of distillation :—To half a litre of the
water, add a few drops of a concentrated solution of chloride of calcium,
and subsequently a slight excess of carbonate of sodium ; this will produce
a copious precipitate of carbonate of calcium, which should be allowed to
subside for half an hour before filtration; ‘100 C.C. of the filtrate (the filter
which is used must be thoroughly cleansed by washing from any traces of
ammonia) may be taken for the direct Nessler determination of ammonia.

The test comes out much better if the water be distilled, and if the dis-
tillate be tested for ammonia. Miller and Hadow proposed liquor baryte for
this purpose. Wanklyn and Chapman prefer sodium carbonate. Their
process is as follows :(—

They place in a retort 500 C.C. of the water and 15 C.C. of saturated
solution of sodinm carbonate, and distil 109 C.C., or more, if there be much
ammonia ; the distillation is continued until 50 C.C. of the distillate con-
tain less than ‘00001 of ammonia. The amount of N1, is then determined
as above, and multiplied by 2 to give the amount per litre. Express the
result in milligrammes per litre.

This is called by Wanklyn *free ammonia;” it represents the ammonia
combined with carbonic, nitric, or other acids, and also what may be derived
from urea, or other easily decomposable substances, if any are present. The
amount in different waters is thus given by Wanklyn* :—

”

Milligrammes per litre.
Loch Katrine water (very pure) . . . 004
Manchester water . . . . . 006
New River (Moorgate Street) . . . . 015
River Lea . . . . . . 030
London water (Thamea) . . ‘01

Pump in Bishopsgate Street (very 1mpure) . 751

In this and the other processes in which there is distillation certain pre-
cautions are necessary, without which the processes cannot give correct re-

* Water Analysis, 2d edit., p. 59, e seq.
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sults. It is necessary to thoroughly condense the ammonia. If a retort and
Liebig's condenser cannot be obtained, the distillation may be conducted
with a flask connected with a bent tube by an india-rubber cap ; the tube
should be in the form of a worm, and be kept perfectly cold ; a piece of small
block tin tubing or common small gas tubing, of about three feet long, can
be easily twisted into any convenient shape, and be placed in a basin of cold
water constantly renewed ; the end of the tube should dip into a little pure
distilled water, which must also be kept cold. After the distillation the
tube should be well washed out with pure water, and then a little pure
water should be distilled through it. The test is so delicate that it is
easy to get wrong results from the least carelessness. In collecting the water
for the ammonia test the bottles should be washed out with strong sulphuric
acid and then with distilled water, so as to ensure perfect cleanliness. The
distilled water used must be perfectly free from ammonia, and it is safest for
the analyst to distil it himself. It is also necessary to be quite certain that
all the ammonia has come over, and after distilling a large amount the re-
ceiver should be removed, a little more distilled over and tested, &c. In
judging of the amount of ammonia by the colour test several trials should
be made with portions of the distillate, so as to ensure correct results. After
all the free ammonia has been driven over by the distillation, the water re-
maining in the retort can be used for the determination of the albuminoid
ammonia, as given in the process further on.

Nitric and Nitrous Acids.

Many plans have been proposed for the determination of nitric acid in
drinking water ; the best for hygienic purposes seems to be the plan of
Schultze, as modified by Wanklyn and Chapman. By this method the
nitrates and nitrites are both converted into ammonia by the action of alu-
minium in an alkaline solution, and the ammonia is then distilled off and
the amount in the distillate found by Nesslerising.

The reagents required are a solution of caustic soda free from nitrates
(100 grammes in 1000 C.C. of water) and sheet aluminium.

“ Introduce 100 C.C. of the water into a perfectly clean non-tubulated
retort, and add from 50 to 70 C.C. of a ten per cent. solution of caustic
soda. The soda solution must be perfectly free from nitrates. Distil the
contents of the retort till the distillate, as tested by Nessler's solution, is
absolutely free from ammonia. After the retort and its contents have
cooled, introduce a piece of sheet aluminium ; now incline the neck of the
retort upwards, and close the mouth with a cork fitted with a small glass tube
containing fragments of glass or porcelain moistened with dilute hydro-
chloric acid. The glass tube should be about the diameter of a quill, and
between 14 and 2 inches long. The hydrochloric acid tube is connected
‘with a second similar tube, but containing pumice stone moistened with
strong sulphuric acid, to prevent ammonia from the atmosphere entering the
apparatus. The retort thus fitted is allowed to stand about 12 hours. The
contents of the first tube are then washed into the retort, the cork is
removed, and the retort is connected with a condenser, which has been
thoroughly purified. The end of the condenser should dip into a glass
cylinder containing 70 or 80 C.C. of distilled water free from ammonia.
About half the contents of the retort are distilled over, and the distillate is
made up with distilled water to 150 C.C. 50 C.C. of the solution of
ammonia thus obtained is now Nesslerised, but if the colour obtained in
this first trial is too strong, the final determination must be made in another
portion of the solutjon previously diluted with pure distilled water, and

peoa(
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then the quantity of nitric acid and nitrogen may be calculated for the 100
C.C. of water operated on, and then for the litre.” (Wanklyn.)

As 1 part of ammonia corresponds to 3:706 parts of nitric acid (HNO,),
multiply the amount of ammonia per litre by this number, and the result is
grammes of nitric acid representing the previously existing nitric and nitrous
acids, If it is wished to calculate as nitric anhydride (N,0,), multiply the
amount of ammonia by 3-176.

Nitrous Acid alone.—The above process converts nitrous as well as nitric
acid into ammonia, but the nitrous acid may be determined separately by the
permanganate of potassium as given at a subsequent page. When this has
been done divide the amount of nitrous acid per litre by 2-706, and this
gives the amount of ammonia per litre derived from nitrous and not from nitric
acid ; deduct this from the total NH, given in the Schultze-Wanklyn
process, and the remaining ammonia represents, of course, the nitric acid.

4. Determination of the Organic Matter (Nitrogenous or Oxidisable).

It must be understood that no good method yet exists of measuring non-
nitrogenous and non-oxidisable matters, such as fatty acids, which may exist
in water. Even Frankland's plan, which no doubt gives the total carbon,
does not distinguish between the carbon which may be contained in a non-
nitrogenous and in a nitrogenous substance present together in the water.
The complete determination of organic matter in water remains thus un-
solved, but two plans can be used which certainly give us some sort of mea-
sure of what are likely to be the most important organic substances.

(2.) Measurement of Nitrogenous Organic Matter in terms of Ammonia.
—The principle of this procedure, which we owe to Wanklyn, is that under
the influence of a strong hot alkaline solution and permanganate of potas-
sium, nitrogenous organic matters are partly broken up, and, according to
Schultze, oxalic acid is formed ; some of the nitrogen of the organic matter
at the same time is converted into ammonia, and when this is distilled off
and estimated it forms a measure of the substance from which it was derived.

In some substances the whole of the nitrogen is evolved, but in others
only a portion can be obtained, and it has been doubted whether this
portion is constant in quantity.* Of course if the results of the process are
not constant in successive trials of the same substance, the plan can only
mislead, but as Wanklyn positively asserts that a constant quantity of
nitrogen is evolved from the same substance, and as no evidence to the
contrary has been published, the balance of the argument is in favour of the
process.t There are, however, some waters in which it gives unsatisfactory
results, if there are certain volatile organic matters present.}

In Wanklyn's plan the ammonia already existing is got rid of by boiling
with an alkali, or by distillation, as in the process for *free ammonia”

* Tt has also heen a question whether the treatment of the water with alkali alone to drive
off free ammonia may not decompose the nitrogenous organic matter in part. I have one
experiment which does not support this view. A water was sent for examination which con-
tained no trace of free ammonia on testing at once with Nessler. Distillation with carbonate
of sodium and with a 10 per cent. solution of liquor sod:e, gave also no indication of ammonia.
but the x'i'ction of permanganate furnished a very perceptible amount of ¢ albuminoid
ammonia.

+ Wanklyn found that dry albumen yields an amount of ammonia when treated with alka-
line permanganate, which is constant, and if multiplied by 10, gives closely the amount
of albumen. Drs Thudichum and Dupré have used this process for the determination of
albumen in wine, as Dupré found the results for pure albumen accorded with those of Wank-
Iyn’s method. With regard to the nitrogenous substances in water, the experiments are less
decisive, and it seems undesirable to attempt any statement of their weight trom the albumi-
noid ammonia. -

+ Wunklyn, Water Analysis, p. 70.
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already given. To a definite quantity of the water thus freed from ammonia
a solution of permanganate of potassium and caustic potash is added, and
distillation is carried on until no more ammonia comes over. The solution
of permanganate is made by dissolving 8 grammes of permanganate and
200 grammes of solid caustic potash in one litre of water, and then boiling
to expel any ammonia ; 50 C.C. of this are used with 500 C.C. of the water
(=ysth part), or with the quantity which remains after distilling off the
free ammonia, as one process may be a continuation of the other. The distil-
lation must be carried on until no more ammonia is given off ; at the end
of the process there is a good deal of bumping which may break the retort; a
few small bits of broken tobacco pipe, or a little charcoal, will generally
stop this. Very bad water must be diluted with pure distilled water as for
free ammonia. The amount of ammonia in the distillate is then determined
by Nesslerising, and is calculated for the litre or gallon, or per 100,000 parts.
The best way of expressing it is as milligrammes per litre. It is termed
albuminoid ammonia, as it is derived from nitrogenous organic matters.

If it is wished to calculate the nitrogen, multiply the amount of albuminoid
ammonia by ‘8235 ; the result is the nitrogen in the ammonia, but not the
‘ organic nitrogen,” as the whole of the nitrogen in the organic substance is
never obtained by this process. Some chemists, however, calculate the
“ organic nitrogen” from the albuminoid nitrogen by increasing the latter by
one-third, on the supposition that the permanganate process evolves two-
thirds of the nitrogen, and leaves ome-third behind. But it is safer teo
express it simply as albuminoid ammonia, or if the organic nitrogen” is
given, it should be stated that it has been thus calculated.*

The amount of albuminoid ammonia in the very pure Loch Katrine water
is 08 milligrammes per litre (=-00008 grammes per litre, or ‘0056 grains
per gallon), and this is taken as a standard by Wanklyn, though he thinks
that perhaps a greater degree of purity might be demanded. In London
water it varies from ‘066 milligrammes per litre to '16 (Wanklyn) ; in water
taken from the Thames at London Bridge, the amount was *35 milligrammes
per litre (='0245 grains per gallon).

Adopting Wanklyn’s standard, 0056 grains per gallon of albuminoid am-
monia is the maximum which ought to exist in tolerably good water. In some
tank water at Calcutta Dr Palmer found the albuminoid ammonia to vary in
different months. In May and June the tank water reaches its greatest
impurity ; the water of the tank supplying the Bengal Club having in
November ‘00038 grammes per litre (= "0266 grains per gallon), and in May

* Dr Macnamara recommends the following plan for daily testing a water derived from a
constant source. It is rapidly done, and enables a good supervision to be kept up with little
trouble :— )

¢ The following plan may occasionally be employed for estimating the organic matter of a
water: take 250 C.C. of the water , add 25 C.C. of Wanklyn and Chapman’s solution of potash
and permanganate of potassium, distil off 125 C.C., and apply the Nessler test to this distil-
late. The result to be reported as ‘total ammonia by one distillation.” The method is one
which, besides rapidity in execution, has somne advantages, for instance in the case of a water
which has been kept for any time, as during transit to a distance, when the albuminoid
matter may have undergone decomposition, and the separate estimation of free and albuminoid
matter would not, under such circumstances, fairly represent the condition of the water as it
was when freshly drawn. Another advantage of this method is, that its use shuts out the
uncertainty which results from the fact that some of the albuminoid matter may yield am-
monia on distillation with carbonate of sodium, rendering the classification of the ammonia
under two headings an incorrect one ; and again following this plan, there is not the same risk
of breaking flasks and retorts that there is when the analyst attempts to resolve the refractory
nitrogenised matters by pushing the distillation till the fluid in the retort has become greatly
concentrated. This method has been employed in the daily examination of the Calcutta
water supply, and by its use any faulty action in the filtering beds of the municipal water-
works has been at once detected.”

F
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and June 0005 and ‘00062 grammes per litre (=035 and ‘0434 grains per
gallon). The water of the Hooghly, 16 miles above Calcutta, had in
December ‘0001, and in May and June ‘00014 and ‘0001 grammes of
albuminoid ammonia per litre.

(8.) Measurement of Oxidisable Organic Matter in terms of the Ozygen
required to Ozidise (Permanganate process).

There are four substances in drinking waters which are readily oxidised
by potassic permanganate, viz., ferrous salts, nitrites, sulphuretted hydrogen,
and oxidisable organic matters. In using the permanganate process the
absence of the three former must be ascertained, or if present their amounts
must be determined. If they are absent the oxidisable organic matters are
the only substances which can affect the permanganate.

The permanganate does not distinguish between animal and vegetable
matters, except that the former are more easily acted upon. It does not
distinguish between different kinds of animal organic matter, and as these
may be of different degrees of oxidisability, it gives no certain measure of
their quantity. It is, however, an useful test as an indication of some
organic substance in the water which is undergoing, or capable of under-
going oxidation, and it thus furnishes evidence which is of a different order
to that given by Wanklyn’s process of the albuminoid ammonia. It seems,
therefore, desirable to employ it, though on account of some defects its use
has been given up by many chemists.

The unfavourable opinion has been partly arrived at from using the
permanganate process at the temperature of the air instead of at a temper-
ature of 140° Fahr. In the cold the action is slow and imperfect, and the
way in which permanganate decomposes simply by exposure to air and light
introduces much of error. If the temperature is carried to 140° Fahr. but
not higher (as recommended by Dr Woods, R.A.¥), and in the presence of
acid, the whole of the organic matter capable of oxidation is acted on very
rapidly ; the process is not only shortened, but the chances of spontaneous
decomposition of the permanganate are much lessened.

The permanganate of potassium does not oxidise fatty substances, starch,
urea, hippuric acid, creatin, sugar, or gelatine.

Before using the test, the water, freed from sediment by standing, but
not filtered through paper, should be carefully tested for nitrites, ferrous
salts, and sulphuretted hydrogen. If these are all absent, the only other
probable oxidisable substances are vegetable or animal organic matter.

If sulphuretted hydrogen be present, it may be expelled by gently warm-
ing, but not boiling the water ; if ferrous salts or nitrites are present, a cor-
rection can afterwards be made.

The permanganate can be used in two ways: either in the presence of
acids or of alkalies; the former plan is that generally followed, and will be
first described.

Action of Permanganate in presence of Sulphuric Acid.t
Dissolve ‘395 grammes of crystallised potassium permanganate in 1 litre
of pure distilled water ; each C.C.=000395 grammes of permanganate, or
0001 grammes of oxygen.
To test the accuracy of this, dissolve ‘7875 grammes of crystallised oxalic
acid in 1 litre of water; 100 C.C. of a recently prepared eolution, warmed

* Journal of the Chemical Society, 1861.
16 The gle;c(tiion in this case is as follows :—2 (KMnO)) + 3 (HsSO) = K SO, + 2 (MuSOp)
+.0; + 3H,0.
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with a little dilute sulphuric acid, should exactly decolorise 100 C.C. of the
permanganate solution.

Take 500 or 1000 C.C. of the water to be examined, add either 1 C.C.
of strong sulphuric acid to the smaller, or 2 C.C. to the larger quantity;
heat and raise the temperature to 140° Fahr., but not higher, then remove
the lamp, and drop in the permanganate solution, stirring well. Stop the
moment the least red tint is produced; when it disappears, add a little more,
until the tint is permanent for half-an-hour. The process takes about three-
quarters of an hour; but if the red tint is permanent for only five minutes,
the result is near the truth.

If any brown colour is produced, the process must be repeated and the
water must be diluted with an equal quantity of pure distilled water, or
more if necessary, so that at the end of the process a true pink and not brown
tint is present. If a common burette, with an india-rubber tube be used,
the precaution should be taken of allowing the solution which has been in
contact with the india-rubber to flow away ; then the height of the fluid in
the burette should be noted, and the test proceeded with as quickly as
possible, as the india-rubber acts on the permanganate.

In the case of each operation, read off the C.C. of permanganate used per
litre, and deduct ‘6 C.C. (the amount of permanganate which will give a red
tint to a litre of pure water, and which, therefore, must be in excess). The
remainder will give the number of C.C. decolorised by all the oxidisable sub-
stances in the water, and as each C.C. represents ‘0001 gramme of oxygen,
the quantity of oxygen which has been required is seen at once. A very
good water will not require more than 3 or 4 C.C. of solution of permanga-
nate ; any amount over 12 C.C. shows that the water contains an excess of
oxidisable matter of some kind.

Example.—One litre of water required 176 C.C. of solution (17-6 - -6)
=17 x 0001 =-0017 grammes of oxygen. The relation by weight of the
oxygen or of the permanganate to the organic matter (supposing there be
no other reducing substance) is variable ; for the organic matter may be of
different kinds orginally, or in different stages of oxidation. In the case of
the metropolitan waters, Dr Letheby considers the organic matter to be in the
proportion of 8 parts to 1 of oxygen when the action takes place without heat.
Dr Woods, R.A., from a number of very careful experiments in the oxidation
of sewage, concluded that the organic matter was in the proportion of 5 parts
to 1 of permanganate, which is nearly equal to 20 parts to 1 of oxygen.

If this number be adopted, and it may be so when the organic matter is
known to be sewage, multiply the amount of oxygen by 20, and the result
will be the approximate amount of organic matter in grammes per litre,

Thus oxygen required = ‘0017 x 20 = ‘0340 grammes of organic matter
per litre ; 034 x 70 = 2:380 grains per gallon.

The amount of oxygen thus used represents, as already stated, not only
organic matter, but nitrites and ferrous salts. These may be absent, but
nitrites at any rate are probably present.

If so, the results must be stated as oxygen required for oxidisable organic
matter and nitrites, but an approximate determination can be come to of the
amount of the latter, and the amount of permanganate required for organic
matter alone thus determined.

Action of Permanganate in presence of an Alkalr,

In order to avoid some of the fallacies and inconveniences of the test with
acid, F. Schultze* has tried the following plan, which has been slightly

* Roth and Lex, op. cit. p. 91.
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modified by Lex. Five or more vessels, each containing 60 C.C. of the water
to be examined, are taken, and to each 2 C.C. of thin milk of lime are added,
and then 1, 2, 3, 4, 5 C.C., &c., of the permanganate solution (viz., -395
grammes per litre) are added and left for two hours. At the end of that time
some of the samples will be decolorised, others still coloured ; if No. 1 and
No, 2 are colourless, and No. 3 is coloured, then the amount of permanganate
destroyed is between 2 and 3 C.C. As in the cold each equivalent of per-
manganate only gives off 3 (not 5 atoms) of oxygen, each C.C. corresponds
not to ‘0001, but to ‘00006 grammes of oxygen. It is for this reason that
60 C.C. of water are taken instead of 100, for it is clear that if 1 C.C. of the
permanganate solution gives only ‘00006 grammes to 60 C.C., it would give
0001 to 100 C.C. of the water. The calculation of the results is thus easy ;
if for example Nos. 1 and 2 are decolorised, while No. 3 is coloured, the
amount of oxygen required is between ‘0002 and ‘0003 grammes for 100
C.C., or 002 and ‘003 per litre. If 60 C.C. of a water take less than 3 C.C.
of the permanganate solution to give it a colour permanent for two hours, Lex
considers that it is a good water as far as this test is concerned ; if 3 and 4
C.C. are required it is & medium water, and if the 5 C.C. do not give a
colour the water is bad.

Determination of Nitrous Acid by Permanganate.®

Dr de Chaumont proposes the following plan : —After the total perman-
ganate required is known, take 500 C.C. of the water, and add 10 C.C. of
dilute sulphuric acid ; boil well for twenty minutes, allow to cool to 140°;
then add the permanganate. As the nitrous acid is driven off, the difference
in the amount of C.C. of the permanganate used in the first and second trials,
if multiplied by -0002875, gives approximatively the nitrous acid. If
nitrites are present two permanganate determinations should therefore be
made ; one with the water heated to 140° the other with boiled water after
cooling to 140°.

General Statement of the Results of the Permanganate Examination.
This should be made in the following way : —

Ezxample— Grammes of Oxygen.
1. Gross amount of oxygen required per litre, at a tempera-
ture of 140° Fahr. and in the presence of sulphuric acid, ‘0013

2. Amount for ferrous salts, . . . ‘0005
3. Amount for nitrites, . . . . ‘0002
4. Amount for sulphuretted hydrogen, . . not present.

5. Amount for oxidisable organic matter, . . -0006

5. Determination of Silica and Iron.
Silica.—As many Indian waters contain large quantities of combined silicat

* Two or three plans have been proposed for this. Dr Paul (Watt’s Dict. of Chem. vol. v.
p. 1032) recommends as follows :—Take 1000 C.C. of the water, add a little aluminum
chloride, and then a little sodium carbonate, and evaporate slowly to about sth. The organic
matter is thrown down; allow to stand, and decant one-half of the water; add 450 C.C. of
pure distilled water, and determine the amount of permanganate required in the cold. Mul-
tiply by 2 to get the amount per litre. As much of the organic matter is thrown down, an
approximate estimate is foum}l of the nitrites. Each C.C. of the permanganate solution
="0002875 ‘gmmmes NO,. In case aluminum chloride is not available, add a few drops of
s(l)lutions of calcium chloride and sodium carbonate to the water, and then 2 or 3 grains of
alum.

+ Dr Nicholson, R.A., has noticed that the water at Kamptee, both from the river and from
wells, contains from 2 to 6 grains per gallon of silica derived from micaceous gravel ; it is com-
bined with maguesia, and it renders the soap test inapplicable.
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it may be necessary to determine its amount. This can only be done by
weight. A given quantity of the water is evaporated to dryness, incinerated,
treated with strong nitric acid, again evaporated to dryness,-treated again
with strong nitric acid ; water added and a little heat applied, and everything,
which can be dissolved out, separated from the residue, which is silica ; this
should be again ignited and weighed.

Determination of Iron by Permanganate.

Iron.—Evaporate a litre of water to dryness; incinerate ; dissolvein 10
C.C. of dilute sulphuric acid (1 in 10), aiding it by warmth ; put in a pieco
of granulated zinc to reduce the persalts of iron, and after effervescence has
gone on for some little time, and the fluid is colourless, pour off the fluid,
dilute to 1000 C.C. (or to 100 if the iron is in small quantity) with distilled
water, heat to 140° Fahr., and drop in the permanganate solution which is
used for oxidisable organic matter, stopping when the least red tint is per-
ceptible ; read off the amount, and correct for colour, by deducting *6 C.C.

1 C.C. of the permanganate solution = ‘0007 iron (Fe.)
» ” = 0009 ferrous oxide (FeO.)

Inferences from the Quantitative Tests.

The conclusions to be drawn from the qualitative tests (page 67) hold good
for the quantitative, only greater precision is given. It is necessary not to be
satisfied with a single test, but to collate the evidence derived from several.
For example, a large quantity of nitric and nitrous acids with much oxidis-
able organic matter, and much chlorine, show recent sewage impregnation ;
while a large amount of nitric acid and little oxidisable organic matter show
that more or less complete conversion of organic matter has taken place. The
determination of the chlorine is especially important, as it is done so rapidly
and accurately, that it affords a good test of alterations in the water, and if at
every station this quantitative test is frequently done, and the qualitative tests
were also noted, the entrance of sewage or other impure matters containing
chlorine would be easily detected. Next to the chlorine the varying amounts
of free ammonia, as tested without distillation, where it can be done, would
give useful indications, with a very little expenditure of time, provided the
amount usually present in the water was known. The water, not only of
streams, but of shallow wells, is much influenced in composition by rain, and
this has to be taken into account.

General Statements of the Results of the Water Analysis.

The analysis can be stated in the following form, and the quantities given
in grains per gallon or in grammes or milligramines per litre.
Physical examination.
Colour and transparency.
Taste.
Smell.
Microscopic examination of suspended matters,
Chemical examination of suspended matters.
Chemical examination of dissolved matters.
Qualitative results (state presence and amount of precipitate).
Re-action.
Organic matter by gold chloride or permanganate.
Lime.
Magnesia.
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Qualitative results—continued.
Chlorine.
Sulphuric acid.
Nitric acid.
Nitrous acid.
Phosphoric acid.
Ammonia.
Sulphutetted hydrogen.
Iron.
Lead.
Quantitative.
Solids.
Total.
Fixed.
Volatile.
Chlorine.
Hardness.
Total
Permanent.
Removable.
Ammonia (free).
Nitric acid.
Nitrous acid.
Albuminoid ammonia.
Oxygen required to oxidise.
(a.) In presence of acid at temperature of 140°.
(0.) In presence of an alkali at the temperature of the air.
Silica.
Iron.
FExamination of Water suspected to be contaminated with the discharges
Jrom Cholera or Typhoid Patients, or with Marsh Water,

The examination of water contaminated with cholera discharges is a most
difficult process. If choleraic stools are added in some quantity the water
becomes distinctly hazy, and in places where cholera prevails anything like
decided haze should lecad to the disuse of the water. If, however, the
choleraic discharge is in small amount, the transparcncy of the water may
be unchanged, and in this case it is certain that no chemical test would
detect what might be a sufficient amount of cholera poison to cause the
disease.  Fortunately we have a microscopic test of value. Dr C. Mac-
namara* has stated, that in water contaminated with cholera discharges
vibriones appear with great rapidity, and the water is dangerous during this
period of active vibrional growth.  This observation made by a careful ob-
server should certainly be attended to ; the water should be carefully examined
for vibriones with high powers (1000 to 1200 diameters), and if they are
present should be at once rejected.  Pasteur’s fluid may also be used, and
would probably become turbid in a very short time, and this might be an
additional test. 'When the vibrional stage is replaced by the appearance of
ciliated infusoria, the water, according to Macnamara, is no longer dangerous.

In the case of the discharges of enteric fever entering water, the amount
of the discharge is usually large, and the water is rendered perceptibly foul to
smell and taste ; chemical evidence of sewage (excess of ammonia, chlorine,

* On Asiatic Cholera, 1870, pp. 330 and 397,
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phosphoric acid, and oxidisable matters) seems to be usually attainable.
Although no observation has been made on the point, it seems likely that
as vibriones exist in great number in the typhoid stools they would, as in
the case of cholera, be found in the water.

In the case of marsh water, again, there is always abundance of vegetable
and animal life, and in heating the water the peculiar marshy smell may often
be perceived.

SECTION VI,
SuB-SecTiON 1. —SEARCH AFTER WATER.

Occasionally a medical officer may be in a position in which he has to
search for water. Few precise 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. But usually wells sunk near the sea are brackish ; and it is necessary
to sink several, passing farther and father inland, till the point is reached
where the fresh water has the predominance.

Among hills the search for water is easier. The hills store up water, which
runs off into plains at their feet. 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
indications of a water-course, as near there as possible. In the valleys among
hills, the junction of two long valleys will, especially if there is any narrow-
ing, generally 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
be 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 tube pierced with holes
deep in the moist ground will sometimes cause a good deal of water to be
collected. Norton’s American tube well (page 7) gave satisfaction in Abys-
sinia. A common pump will raise the water in it if the depth be not more
than 24 or 26 feet ; if deeper, a special force pump has to be used.

SoB-SecTioN IT.—SPECIAL CONSIDERATIONS ONX THE SUPPLY OF
‘WATER TO 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
examined before going to sea. Alum, charcoal, and potassium permanganate
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should bein store. If the water turns out bad, it must not at once be con-
demned ; by aeration, boiling, charring the casks, throwing alum and char-
coal 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 distills over acid, neutralise with carbonate of soda.
If thereis a little taste from organic matter, let it be exposed to the air for
two or three days. Sca water can be made potable by filtration through a
great depth of charcoal if this can be obtained.

During marches each soldier-carries a water-hottle.  He should be taught
to re-fill it with good water whenever practicable ; a little flannel bag, into
which charcoal may be sewn, can be placed at the opening so as to strain
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 a
soldier would do this after his evening meal,
the water would be ready for the next day’s
march., Alum and charcoal should be used.
Small charcoal or sandstone filters, with elastic
tubes (tig. 4.) at the top, which draw water
through like siphons, 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,

Fig. 4. and 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 gulped down, but even animals. On some
occasions, the French army in Algiers has suffered from the men swallowing
small leeches, which brought on dangerous bleeding. The leeches, which
are 8o small as to look mercly like small bits of vegetable matter, fixed in the
pharynx, the posterior nares, &c., more rarely in the larynx, causing repeated
hzemoptysis; epistaxis, or asphyxia.

If water-carts or water-sacks are used, they should be regularly inspected ;
every cart should have a straining filter of pure sand, through which the
water should pass. The carts and skins should be scrupulously clean. The
water-carriers, or bheesties, in India should be paraded every morning, and
the sources of water inquired into.

When halting ground is reached, it may be necessary to filter the water.
A common plan is to carry a flask, 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 better 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 rises
through the gravel between the barrels, and flows into the inner barrel. In the
French army it is ordered+ that, if other means cannot be procured, fresh and

* Thave proposed for adoption into the service a water-hottle with two openings : the larcer
is provided with a flannel bag, into which, if necesary, a little bit of sponge can be placed, and
thus all the coarser suspended matter arrested : a good screw closes this opening ; the smaller
is used for drinking, and is closed by a plug secured by a little chain.

4 Code des Ofticiers de Santé. Par Didiot. P. 515,
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inodorous straw be taken, and chopped fine, and pressed at the bottom of a
tube pierced with holes; if possible, charcoal is to be intercalated among the
straw. Great care must be taken to have the straw pure, and to change it
often.  Other simple plans are given in the drawings, which need little

¥ig. 7. Fig. 8.

description. Figs. 5 and 6 speak for themselves. Fig. 7 is a barrel connected
by a pipe with a supply above ; the water rises through sand and charcoal,
and is drawn out above ; the barrel is fixed on a winch, and the supply pipe
being removed, and the hole closed, a few turns of the handle clear the sand.
Fig. 8 is a simple contrivance, which may be made of wood or tin.

In the field, the medical officer may be sent on to give a report of the
quantity and quality 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 excreta 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
ehould 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, made turbid, and the water becomes
undrinkable for want, perhaps, of simple management. ‘

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

In sieges the same general rules must be attended to.  The distribution of
the water should be under the care of a vigilant medical officer. Advantage
should be taken of every rainfall ; fresh wells should be dug early ; if neces-
sary, distillation of brackish or sea water must be had recourse to.



CHAPTER II.
AIR.

It might be inferred from the physiological evidence of the paramount
importance of proper aeration of the blood, that the breathing of air,
rendered impure from any cause, is hurtful, and that the highest degree of
health is only possible when to the other conditions is added that of a proper
supply of pure air. Experience strengthens this inference. Statistical in-
quiries 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. Individual
observations confirm this. No one who has paid any attention to the con-
dition 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 implies poverty and insufficient
food, and unhealthy work, but its main concomitant condition is impurity of
air from overcrowding, deficiency of cleanliness, and imperfect removal of
excreta, and when this condition is removed, a very dense and poor popula-
tion may be perfectly healthy. The same evidence of the effect of pure and
impure 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 enormous.
Rossignol* states that, previous to 1836, the mortality of the French cavalry
horses varied from 180 to 197 per 1000 per annum. The enlargement of the
stables, and the * increased quantity of theration of air,” reduced the loss in
the next ten years to 68 per 1000.+ In the Italian war of 1859, M. Moulin,
the chief veterinary surgeon, kept 10,000 horses many months in barracks
open to the external 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. Wilkinson§ 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 general 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 venti-
lation, for discharge of foul air ; and supply of air beneath the horses’ noses,

to dilute at once the products of respiration.

* Traité A'Hygiene Militaire. Paris, 1857,
1 Wilkinson, Journal of the Royal Agricultural Society, No. 50, p. 91, ef seq.
4 Larrey, Hygiene des Hop. Mil. 1862, p. 63. § Op. cil.
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In cow-houses and kennels similar facts are well known ; disease and health
are in the direct proportion of foul and pure air. _

The air may affect health by variations in the amount or condition of its
normal constituents, by differences in physical properties, or by the presence
of impurities. While the immense effect of impure air cannot be for a
moment doubled, 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 searching analysis than has been, or perhaps than can be at present,

, given. When impure air does not produce any very striking disease, its
' 7 injurious effects may be overlooked. The evidences of injury to health from
impure air are found in a larger proportion of ill health—i.c., of days lost
from sickness in the year—than under other circumstances ; 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.

The quantity of air necessary for perfect health will be considered in the
chapter on Ventilation. I shall in the present chapter enumerate the impuri-
ties, and then the diseases attributable to them.

It would be occupying unnecessary space to enlarge on the composition of
pure air. In addition to oxygen and nitrogen, there are the following sub-
stances :—carbonic acid, watery vapour, organic matter in the form probably
both of dead and living structures. Perhaps, also, the almost universally
diffused salts of soda should be reckoned as normal constituents. The
amount of oxygen is about 2096 in the usual air, 2098 in the pure mountain
air, while in the air of towns, it may fall to 20-90 or 20-87 (A. Smith, “ Air
aﬂi Rain,” pp. 35, et seq.) The subject of ozone is treated in the chapter on
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
beadmitted. The hest 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. ,

The 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 of elevation, then decreases; it is slightly augmented under certain cir-
cumstances ; as 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
be considered as an impurity.

SECTION L
IMPURITIES IN AIR.

A vast number of substances, vapours, gases, or solid particles, continually
pass into the atmosphere. Many of these substances can be detected neither
by smell nor taste, and are inhaled without any knowledge on the part of those
who breathe 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.
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As if to compensate for this, & wonderful series of processes goes on in the
atmosphere, or on the earth, which keeps the air in a state of purity.

Gases diffuse, and are carried away by winds, and thus become so diluted as
to be innocuous; or are decomposed if compound, or are washed down by
rain ; solid substances lifted into the air by winds, or by the ascensional force
of evaporation, fall by their own weight ; or if organic, are oxidised into
simple compounds, such as water, carbonic acid, nitric acid, and ammonia ; or
dry and break up into impalpable particles, which are washed down by rain.
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 limits.

If it were not for these counterbalancing agencics, the atmosphere would
soon become too impure for the human race. As it is, it is wonderful how
soon the immense impurity, which daily passes into the air, is 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
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 epithelium,
which stand up on the surface of 5,000,000 or 6,000,000 air-cells, and through
which the blood flows with great 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 figures 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, or may pass into epithelium and enter the body through the
lymphatics.

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
be the case with all except the lightest 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 specitic poisons, which
float about in an impure atmosphere, such as those which arise from the

* The evidence of ‘ miners’ phthisis” proves this; but in addition, Professor Zenker has
published cases in which snuff and different coloured powders have been found in the lungs of
workmen employed in workshops in which such particles have been mixed with air. Dr Knauff
(Virchow’s Archiv, band 39, p. 442) confined animals in a box into which the particles of a sooty
lamp passed ; the animals were well fed and were healthy ; the charcoal {mssed into the lungs,
and was got rid of by expectoration in the form of pigment-cells. When Knauff inhaled
particles of ultramarine for only ten minutes, and examined his sputa, he found cells with blue
particles in their interior. Ina cat charcoal particles penetrated in three days from the lungs
into the lymphatic glands and to the pleura.

Dr Greenhow (Trans. Pathol. Socicty, 1868-69) has also pointed out how easily small
floating particles enter the air-cells, and encroach on the alveoli, and pass into the interior of
ciliated epithelium. Villaret confined rabbits in a smoky atmosphere and proved the existence
of fine particles of carbon in the bronchi. Franke (Deutsche Klinik, 1860, No. 49) found
particles of charcoal in the lungs in a man employed in loading charcoal.
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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.

Sus-SecTiON I.—SUSPENDED 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 and phos-
phate of calcium, and peroxide of iron. Volcanoes throw fine particles of
carbon, sand, and dried mud, which passing irto 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 (if
we may call these animals) are largely present, and small eggs of various kinds.

From the vegetable world pass up seeds and debris of vegetation ; pollen,
spores of fungi, mycoderms, 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
analysis, 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 hygienic point of view.

It is not easy at present to give a complete enumeration of all the
substances, but the following are the chief facts, divided under the headings
of suspended substances in the external air ; in rcoms inhabited by healthy
persons ; in rooms inhabited by sick persons ; in workshops and factories.

Suspended Substances in External Air.

1. Dust and sand showers. In different parts of Europe there occur from
time to time showers of dust and sand. Ehrenberg* gives the microscopic
examination of seventy showers ; in addition to particles of sand and oxide of
iron there were numerous organic forms, which are classed by Ehrenberg
under the headings of polygastrica (194 forms), phytolitharie (145 forms),
polythalmia, &c. In addition there were portions of plants and fragments
of insects. In a dust storm of February 1872, in Sicily, Silvestrit found four
species of diatoms and living infusoria. These sand-storms are sometimes
called monsoon showers, but it would appear that any violent storm of a
cyclonic character may lift the dust from sandy wastes, as from the African
deserts, and transport it great distances.

It remains yet uncertain whether all dust-storms are entirely of telluric
origin ; it has been supposed that some may be derived from meteoric
showers, .c., may enter our atmosphere from the realms of space, and there
has been some speculation as to whether morpholithes of peculiar nature may
not be contained in such meteoric dust showers. But the point at present
has not been cleared up.

There seems no doubt that atmospheric dust may travel to great distances ;
the air of Berlin has evidently contained organisms derived from the African

* Ehrenberg’s latest work was published in 1871. Uehersicht der seit, 1847, fortgesetzten

Untersuchungen dber das von der Atmosphere unsichtbar getragene reiche organische Leben.
Berlin, 1871,

+ Comptes Rendus, 1872, avid, p. 991.
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deserts, and the sails of ships 600 or 800 miles from Africa are often quite
red with the sand which lodges on them. R

2. Independent of these sand-storms there are numerous living creatures
in the atmosphere ; some lifted from the ground by winds, others growing in
theair. Ehrenberg has discovered at least 200 forms—rhizopods, tardigrades,
and anguillulee. These can be dried, and will then retain their vitality for
months, and even years.

When the external air is examined, either by means of an aeroscope of
some kind, or by drawing it through previously heated glass tubes, surrounded
by a freezing mixture, many of these organisms can be found. Their number
cannot be directly estimated at present. Indirectly A. Smith has endeavoured
to calculate the amount* from the ammonia in the air which appears to be
derived from organic matter, and has supposed that there might be 529,560
germs (= 0056 grain) in one cubic foot of the air of a city. But indirect
calculations of this kind are of course doubtful. The following are the most
important kinds:—

(a.) Extremely small round and oval cells, sometimes growing together, or
more probably cleaving, and then presenting an appearance like the figure of
8. These cells, described by Lemaire,+ Trautman,} Béchamp, and others, are
exceedingly minute, and it requires a power of 600 to 1000 diameters to see
them properly. Trautman states that they grow faster when sulphuretted
hydrogen is in the air, and are checked by carbolic acid. Lemaire found
them in immense quantities in the air of dirty prison cells, and in the sweat of
the prisoners ; they will occur, however, in the open air. They are supposed
to increase rapidly by cleavage, but their future development, if any, has not
been traced ; no effect on the body has been proved to be produced by them.
To these bodies the term microzymes should perhaps be restricted.

To the same class, perhaps, as those round and oval cells, the bhacteria and
monads, which have been described as gathered from the air, must be assigned ;
the development of these cells into moving vibriones and rod-like bacteria,
though asserted, has not yet been definitely proved, and indeed Burdon-
Sanderson’s observations rather throw doubt on the statement that true
bacteria exist in the air.

(b.) Spores of fungi are not infrequent ; in the open air they occur most
commonly in the summer (July and August§) ; they are not in this country
more frequent with one wind than another; the largest number found by
Maddox in 10 hours was 250 spores ; on some days not a spore can be found.
Maddox leaves undetermined the kind of fungus which the spores developed
under cultivation ; the spores were pale or olive coloured and oval, probably
from some form of smut. Angus Smith found in water through which the
air of Manchester was drawn innumerable spores. Mr Dancer has calcu-
lated that in a single drop of the water 250,000 fungoid spores as well as
mycelium were present, but as the water was not examined for some time
there may have been growth. Mycelium of fungus seems uncommon in
the air, but is sometimes found. The cells of the Protocorcus pluvialis are not
uncommon, and perhaps of other alge. On the whole, the experiments of
Maddox show that in his locality (near Southampton), it is incorrect to speak
of the air being loaded with fungoid spores ; they can be found, but are not
Very numerous.

* Air and Rain, ‘F 504.

+ Comptes Rendus de I'Acad., Oct. 1867, p. 637.

%+ Die Zersetzungsgase als Ursache zur Weiter-verbreitung der Cholera, 1869. Trautman
terms them “ decomposition cells,” but it is better to avoid at present any phrase which would

comimit us to an hyﬁ)thesis of a particular mode of origin.
§ Maddox, Monthly Journal of the Microscopical Society, June 1870, and February 1871.
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(¢.) Parts of flowers, especially pollen, in the spring and summer, are very
common, cuticular scales, vegetable fibres, and hairs, seed capsules, globular
cells, &c.* Near habitations are also found bits of wood often withered or
burnt, bits of charcoal, starch grains, cotton and wood fibres, &c. All
these substances appear from Watson’s experiments to be more abundant in
land than sea air, as might, indeed, be expected.

(d.) Animals, or portions, such as scales from the wings of moths and
butterflies ; portions of the wings of insects ; legs of spiders, bits of spiders’
webs, and similar objects, are not uncommon ; but sometimes even living
animals are found of some size, apparently rhizopods and amebiform bodies.

(e.) Mineral substances, fine particles of sand, clay, and chalk are generally
found, even when there is no dust-storm, and are much more common when
the ground is dry ; rain, indeed, appears not only to prevent these particles
from being lifted, but also to precipitate those in the air.

In manufacturing districts, or near a railway, there may be even large
particles of metals, or pottery clay, or stone in the external air; in the
dust collected from a railway carriage near Birmingham, Mr Sidebothamt
found many large particles of iron capable of attraction by a magnet,
and being, in fact, fused particles of iron often covered with spikes and
excrescences.

In towns with macadamised roads, dust and remains of horse droppings
finely powdered by the traffic pass into the air, and as this is more common
in dry weather, the sanitary importance of watering and washing the strects
of great traffic is manifest.

Mr Tichborne has published} some analyses of the street dust of Dublin ;
it contained from 29-7 per cent. of organic matter (at the top of a pillar 134
feet high) to 452 per cent. (in the air of a street) ; the organic matter was
chiefly stable manure finely ground; it acted as a ferment, and reduced
nitrate of potassium intonitrite; it had, therefore, a strong deoxidising
power.

(f.) It cannot be doubted that various organic substances dried in the
ground and finely pulverised, may be lifted into the air by winds, and may
be carried to great distances;. under the microscope the particles would
probably appear formless, and could not be referred to any special class, but
would be included under the term of ‘‘dust,” or *amorphous matter.” In
this way it is believed that some diseases may be propagated ; cholera, for
example, by the particles of dried excreta lifted and carried by the wind,
and smallpox and scarlet fever by the disintegrated epiderms or dried
discharges. The exact amount of truth of this view is yet uncertain, for
though Bryden has lately strongly supported the old notion of cholera being
carried great distances by the monsoon in India, the truth of this mode of
travel is not yet generally admitted. In the case of smallpox and scarlet
fever, the distances to which the “ contagions ” spread by means of the air
is certainly inconsiderable.

Some of the various particles of different kinds thus suspended in the air
reflect and scatter the rays of light, and produce the appearance of fine motes,
which are familiar to every one, a8 seen in the course of a ray of light passing
through a dark room, or when an electric beam is transmitted through a tube.
When the air i8 kept motionless they subside, so that most of them have
some weight, though some are so light as not to subside in rarified air (Tich-

* See observations on the suspended matters of land and sea air, by Dr Watson, Staff
Scﬁeon for a description of & plan of examining the air, and for some drawings.—Army
Medical Department Report, vol. n. p. 6529 (1871).

4+ Chemical News, October 1871. + Ibid. Oct. 1870.
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borne) ; when heated, Tyndall has shown that some of them are burnt, and
a little bluish mist arising from the combustion can even be perceived ; the
destructible nature proves, of course, the organic origin of those consumed,
but does not show whether they are organised.

Suspended Matters in Enclosed Spaces.

1. Rooms inhabited by Healthy Persons.—In all inhabited rooms which
are not perfectly ventilated, the presence of scaly epithelium, single and
tesselated ; round cells like nuclei, portions of fibres (cotton, linen, wool),
portions of food, bits of human hair, wood, and coal, can be found in
addition to the bodies which are present in the external air, though, as shown
by Watson, mineral matters and vegetable matters are not so plentiful, as the
comparative stillness of the air allows them to fall.*

In some cases articles of furniture may furnish certain substances; the
flock wall-papers coloured green by arsenical preparations (especially Scheele’s
green and Schweinfiirth green), give off little particles of arsenical dust
into the room ;t and it has been lately shown by Professor Fleck} that the
arsenious acid in the Schweinfiirth green, when in contact with moist organic
substances, and especially starch sizing, forms arseniuretted hydrogen, which
diffuses in the room, and is no doubt the cause of some of the cases of
arsenical poisoning from green papers. .

2. Sick-Rooms.—In addition to being vitiated by respiration, the air of
sick-rooms is contaminated by the abundant exhalations from the bodies,
and by the effluvia from discharged excretions. The quantity of organic
matter is known to be large, but it is difficult at present to give a quantitative
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 ditferent 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.

The dust of a ward in St Louis, in Paris, examined by Chalvet, was found
in one experiment to contain 36 per cent. of organic matter, and in another
46 per cent. 'When burnt, it gave out an odour of horn. The dust collected
in hospitals for diseases of the skin is stated by Gailleton to be full of
sporules of the Trichophyton. They can be found in the air of the ward
when condensed by ice.

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 lead to the opinion that this observation was perfectly cor-
rect, though the connection between these fungi and cholera 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.
Mr Rainy also found in the air of a cholera ward in St Thomas’ Hospital
the spores and mycelium of fungi and bacteria. Some of these bodies were

* Numecrous observations on the air of barracks and military hospitals have heen made by
medical officers of the army, especially by Drs de Chaumont, Frank, Hewlett (of Bombay}),
Stanley, Baynes, Reed, Venner, Watson, and many others. (See the Army Medical Depart-
ment Annual Reports, from 1860-70).

4+ Halley and many others. ¥ Zeitsch. fiir Biologie, bd. viii. p. 445 (1872.)
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found, however, in the open air. In hospitals for skin diseases the Achorion
has been detected in the air where there are patients with favus; and Tilbury
Fox* has lately tigured the spores (clustered and in chains), and the myce-
lium of the Trichophyton in a ward with a number of children with tinca
cireinata,

The scaly and small round epithelia found in most rooms are in large
quantity in hospital wards ; and probubly 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 the pleuro-pnemmonia of cattle is probably propagated
through the pus and epithelium cells of the sputa passing into the air-cells
of other cattle; that even in man there is evidence of a pneumonic or
phthisical disease being contagious (Bryson—Cases in the Mediterranean
Flect), 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 the air of a phthisical ward at Netley, Dr Watson not
only found pus cells, but bodies which were not found in the external
air or in the rooms of healthy persons, and which were very like the cells
seen in tuberculous matter. In military granular conjunctivitis (gray
granulations), the remarkable effect of ventilation in arresting the spread
(Stromeyer) seems to show that we have here a similar case, and that venti-
lation acts by diluting, oxidising, and drying the cclls thrown off from the
conjunctive. Insmall-pox wards, Bakewell has found unequivoeal evidence of
minute scales of small-pox matter in the air. It seems probable that the
discovery of suspended matters of this kind will lead to most important re-
sults. The possibility of a direct transference from body to body of cells
undergoing special chemical or vital changes is thus placed beyond doubt,
and the doctrine of contagion receives an additional elucidation. It remains
to be seen whether pus and epithelium cells becoming dried in the atmos-
phere can again, on exposure to warmth and moisture, undergo the changes
which had been interrupted, or whether they would not rather break down
into impalpable particles, and then be totally oxidised 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 about
in atmospheric currents ; but it would not be right to infer a similar power
on the part of epithelium or pus cells.

3. Workshops, Fuctories, aud Mines.—Grinding of stcel and iron, and
stemes 3 making metallic and pearl buttons ; melting zinc ; melting solder ;
carding and spinning textile fabrics of all kinds ; grinding paint ; making
cement, and in fact almost innumerable trades, canse more or less dust, derived
from the fabries and materials, to pass into the air.

Dr Sigersont found a black dust composed of carbon, iron (in the shape of
small jageed pieces, and also as hollow balls 3% of an inch in diameter),
and ash, in metal shops. In the air of a printing-office there was enough
antimony to be chemically detected. In the air of stables were equine hairs,
epithelium, moth cells, ovules, and various fungi.

In addition to these suspended matters, which vary with the kind of work,
the air of workshops is largely contaminated by respiration and by the com-
Lustion of gas (sec pages 88 and 100).

In mines the suspended matters are made up of the particles of the
particular substance which is being worked, or of rock excavated to obtain

* Laneet, January 1872, .
+ British Medieal Journal, June 1870, from Memoirs of the Irish Academy, in which publi-
%1100 are sowe excellent observations Ly the same writer.
G
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metals; of sooty matters from lamps and candles, and of substances derived
frem blasting (see page 107).

SuB-SecTioN IT.—GASEOUS SUBSTANCES.

A great number of gases may pass into the atmosphere either from natural
causes or from the works of man.

Compounds of Carbon.—Carbonic acid (abnormal if exceeding 5 in 10,000
parts), carbonic oxide, carburetted hydrogen, and peculiar substances (gaseous)
10 sewer air.

Compounds of Sulphur.—Sulphurous acid, sulphuric acid, sulphuretted
hydrogen, ammonium sulphide, and carbon bisulphide.

Compounds of Chlorine.—Hydrochloric acid from alkali works.

Compounds of Nitrogen.—Ammonia and ammonium acetate, sulphide, and
carbonate (normal in small amount ¥, and nitrous and nitric acids.

Compounds of Phosphorus.—Phosphoretted hydrogen.

Orgunic Vapours.—Of the exact composition of the vapours, often feetid,
which arise from various decomposing animal matters, little is knowan. The
vapours of sewage have been examined by Odling, and were found to be
carbo-ammoniacal, containing more carbon than methylamine, and less than
cthylamine.

SuB-SecTioN IIL—NATURE OF ImpURITIES IN CERTAIN SPECIAL CASES.
Air Vitiated by Respiration.

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-
iity of carbonic acid gas by the skin. On an average, an adult man, not
doing excessive work may be considered to give to the atmosphere every
hour ‘6 cubic feet of carbonic acid. Women give off less, and children and
old people also give off a smaller amount.

The amount of carbonic acid in pure air being assumed to be on an average
0-4 per 1000, or 4 volumes per 10,000, the quantity in the air of the rooms
vitiated by respiration varies within wide limits, and many analyses will be
found in books. The following table is a part of the numerous experiments
on barrack-rooms by Dr de Chaumont on this point, and is especially valu-
able, because the amount of carbonic acid in the external air was simultane-
ously determined. The analyses were made at night, and when the men
were in the rooms. The cubic space per head was 600 feet in the barracks,
and from 1200 to 1600 in the hospitals.

The last column of the table shows the condition of the ventilation as
measured by the carbonic acid ; it is very satisfactory in the new barracks
(Gosport and Chelsea), but is much less so in the old barracks and casemates.
'The Herbert and Hilsea military hospital show excellent ventilation, while
the old-fashioned Portsmouth garrison hospital is very bad in this respect.
‘I'he prison cells show, in all cases, a very high degree of respiratory impurity-,
and this must be one of the depressing influences of long cell continement.

The carbonic acid of respiration is equally diffused through the air of a
room (Lassigne, Pettenkofer, Roscoe); it is very rapidly got rid of by opening
windows (Gore), and in this respect diflers from the organic matter, and pro-

bably from the watery vapour ; neither appear to difiuse rapidly or equably
through a room.
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Amount of Carbonic Andydride in 1000 Volumes of Air (de Chaumont).

C0; in Room.
Extemal | Largest Respient
Xterny rge: espirato
Air A‘:)niud::z aMoan Topurity)
BARRACKS. - -

Gosport New Barracks, . . . +430 1-846 645 215
Anglesey Barracks, . . . . ‘393 1971 1-404 1-011

Aldershot, . . . . . *440 1-408 490
Chelsea, . . . . . . 470 1175 718 *248
Tower of London, . . . . 420 1-781 1-338 898
Fort Elson (Casemate), .o 425 | 1874 | 1-209 784
Fort Brockhurst (Casemate), . . 422 1-027 ‘838 416

MiLiTARY AND CiviL HosriTALe.
Portsmouth Garrison Hospital, . . +306 2°057 ‘976 *670
Portsmouth Civil Inﬁrmary, . . 322 1-309 ‘928 606
Herbert Hospital, . . . 424 730 472 ‘048
Hilsea Hospital, . . . . . *405 741 578 173
MiILITARY AND CrviL Prisoxs.

Aldershot M\lxta%rll’nson——Cells, . 409 3-484 1651 1-242
Gosport Military Prison—Cells, . . *655 2344 1-385 ‘780
Chatham Convict Prison—Cells, . 452 8-097 1691 1-239

Pentonville Prison—Cells—Jebb’s sy: stem, 1-926 ‘989

The amount of carbonic acid is often much greater than in the above
instances. In a boys’ school with 67 boys, and 4640 cubic feet (= 69 cubic
feet per bead), Roscoe found 3-1 parts of CO, per 1000. In Leicester, in a
room with six persons, and only 51 cubic feet of space per head, and with
three gas lights burning, Mr Weaver* found the carbonic acid to be 5-28
parts per 1000 ; while, in a girls’ schoolroom (70 girls, and 10,400 cubic
feet), or 150 cubic feet per head, Pettenkofer found no less than 7-230 parts
per 1000. In many schools, workrooms, and factories, the amount of respira-
tory impurity must be as great as this, and doubtless a constant unfavourable
effect is produced on health.

In a horse stable at the Ecole Militaire, the amount was 7 per 1000. At
Hilsea, with a cubic space of 655 cubic feet per horse, the amount was 1:053 ;
and in another stable, with 1000 cubic feet per horse, only ‘593 per 1000
(de Chaumont).

By the skin and lungs pass off from 25 to 40 ounces of water in 24 hours,
to maintain which, in a state of vapour, 211 cubic feet of air per hour are neces-
sary on an average. Of course, however, temperature and the hygrometric
condition of the air greatly modify this.

Organic matter is also given off from the skin and lungs, the amount of
which has never been precisely determined. Nor is it possible, at present,
to estimate it correctly. This organic matter must be partly suspended, and
is made up of small particles of epithelium and fatty matters detached from
the skin and mouth, and partly of an organic vapour given off from the
lungs 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 con-
densing 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 precipi-

* Mr Weaver gives several %ood analyses in different public and private rooms in Leicester.
—Lancet, July and August 1 ’ P pﬂ
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tated by nitrate of silver, to decolorise potassium permanganate, to blacken
on platinum, and to yield ammonia. It is therefore nitrogenous and oxidis-
able. It has a very fotid 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 that it is oxidised slowly. It is probably in combination with water,
for the most hygroscopic substances absorb most of it. It is absorbed most
by wool, feathers, damp walls, and moist paper, and least by straw and
horse-hair. The colour of the substance influences its absorption in the fol-
lowing 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. In a room, the air of
which is at first perfectly pure, ‘but is vitiated by respiration, the.smell of
organic matter is generally perceptible when the CO, reaches -7 per 1000
volumes, and is very strong when the CO, amounts to 1 per 1600. From
experiments made at Gravesend, Netley, Aldershot, and Hilsea, by various
medical officers,* it has been shown that the amount of potassium perman-
ganate destroyed by air drawn through its solution is generally in proportion
to the amount of carbonic acid of respiration.

It is indeed asserted by Gaultier de Claubry (Ann. de 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.

‘When the air of inhabited rooms is drawn through pure water, and the free
ammonia got rid off, distillation with alkaline permanganate, in the method
of Wanklyn, gives a perceptible quantity of ¢ albuminoid ammonia.” In a
bed-room at 9 p.M., A. Smitht found ‘1901 milligrammes in 1 cubic metre of
air; at 7 a.mM. there were ‘3346 milligrammes in cach cubic metre.

Mr Moss (apothecary to the Forces) has made some careful experiments
on the air of rooms, and has compared it, in some cases, with the external air.
The following table gives the chief results (Lancet, Nov. 1872) :—

Milligrammes in One Cubic Metre of Alr.

External Air at time of Rooms and Hospital
Observation. Wards.

Free NH,, | Albuminold | g, njp, | Albuminold

Do. S 210 132
Mean of eight Observations at

different times, *0935 +0886

NHj;. NHy

Officers’ Quarters (Portsmouth), . +436 462
Portsmouth General Hospital, . ‘126 ‘192 428 1-307
Do. do. . 855 1-018
Do. do. . 520 753
Medical Stores, . . . 169 282

|

Air Vitiated by Combustion.

_ The products of firing pass out into the ‘atmosphere at large ; those of
lighting are for the most part allowed to diffuse in the room.
Coul of average quality gives off in combustion—

* By Drs de Chaumont, Hewlett (Bombay Army), St John Stanley, Baynes Reed, Innes,
Venning, Martin, and others.

+ Air and Rain, p. 436.—If expressed as grammes per million cubic metres, the amount is
190114 and 334'601 ; in grains, in 1 million cubic feet, the numbers are $3-074 and 146-210.
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1. Carbon.—About 1 ver cent. of the coal is given off as fine carbon
and tarry particles.,

Carbonic acid.—In Manchester, Angus Smith calculated some years
ago that 15,000 tor s of carbonic acid were daily thrown out.

Carbonic oxide.—

(34

T'he amount depends onthe perfection of combustion.
. Sulphur and sulphurous and sulphuric acids.—The amount of sul-
phur in coal varies from 4 to 6 or 7 per cent. In the air of Man-
chester, A. Smith found 1 grain of sulphuric acid in 2000 and
1076 cubic fect.
5. Sulphuret of carbon.
6. Ammonium sulphide, or carbenate.
7. Sulphuretted hydrogen (sometimes).
8. Water.
From some manufactories there pour out much greater quantities of SO,
(copper works), arsenical fumes, sulphuretted hydrogen, carbonic acid, &e.
For complete combusion, 1 Ib of coal demands about 240 cubic feet of air.
Wood produces carbonic acid and oxide and water in large quantity, but
few compounds of sulphur. 11b of dried wood demands about 120 cubic feet
of air for complete combustion.
Coal-gas, when fairly purified, is compoqed of —

Ll

Hydrogen, . . 40 to 4558
Marsh gas (light carburetted h) droge n), . 35 to 40
Carbonic oxide, . . . 3 to 66
Olefiant gas (cthylenc), . . . 3 to 4
Acety lene . . . . 2 to 3
.Sulphuretted hydrorrm, . . . 0:29t0 1
Nitrogen, . . . . 2 to 25
Carbonic acid, . . . . 3 to 375
Sulphurous aﬂd . . b5 oto 1
Ammonia or ammonium sulplnde, . (or in the best cannel-
Carbon bisulphide, . . coal gas only traces).

In some analyses the carbonic oxide hias heen as high as 11 per cent., and
the light carburetted hydrogen 56 ; in such cases the “amount of hy drowen i8
small. . As much as 60 grains of su]phur have been found in 100 cubic feet
of gas.* The Parliamentary maximum is 20 grains in 100 cubic feet.

In badly purified gas there may be a great number of substances in small
amount, especially hydrocarbons and alcohols, such as propylene, butylene,
amylene, benzole, xylol, some of the nitrogenous oily bases, such as pyrrol,
picoline, &e.t

When the gas is partly burnt, the hydrogen and light and heavy carbu-
retted hydrogens are almost destroyed ; nitrogen (67 per cent.), water (16 per
cent.), carbonic acid (7 per cent.), and carbonic oxide (5 to 6 per cent.), with
sulphurous acid and ammonia, being the principal resultants. And these
products escape usually into the air of rooms. With perfect combustion
there will he little carbonic oxide.

According to the quality of the gas, 1 cubie foot of gas will unite with from
9 to 164 cubic fect of oxygen, anJ produces on an average 2 cubic feet of car-
bonic acid, and from -2 to -5 grains of sulphurous acid. In other words, 1 cubie
foot of gas will destroy the entire oxygen of about 8 cubic feet of air. One
cubic foot of gas will raise the temperature of 31,290 cubic fect of air 1° Fahr.

Oil.—A lamp with a moderately good wick, burns about 154 grains of oil

* Chemical News, March 1865, p. 154.
+ For a fuller list of these substances, which do not appear very important, see Pappenheim’s
Handbuch der San. Pol. band iii. Supp. p. 261.
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per hour, consumes the oxygen of about 3-2 cubiut fect of air, and produces a
little more than 4 a cubic foot of carbonic acii; 1 b of oil demands from
140 to 160 cubic feet of air for complete combu stion.

A candle of 6 to the Ib burns per hour about 170 grains.

The products of the combustion of coal and ‘wood pass into the atmosphere
at large, and usually are at once largely dilvted. Diffusion and the ever
moving air rapidly purify the atmosphere from carhonic acid.

It is not so, however, with the suspended carbon and tarry matters, which
are too heavy to drift far, or to ascend high. Asa 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 building in
London. The air of London is so loaded with carbon, that even when thers
is no fog, particles can be collected on Pouchet’s acroscope when only a very
small quantity of air is drawn through.

It is apparently chiefly from combustion, and in some cases from chemical
works, that the air of towns contains so much acid as to make rain water
acid. In Manchester, in 1868, Angus Smith found the rains to contain from
56 grains to 1-4 grain of sulphuric acid (free and combined), and from
1-277 to -0278 grains of hydrochloric acid per gallon. In Liverpool and
Newecastle air the same thing occurs ; the sulphurlc acid is always larger in
amount than the hydrochlonc

Sulphurous and sulphuric acid also appear to be less rapidly removed, as
Angus Smith found a perceptible quantity in the air of Manchester ; and
the rain water is often made acid from this cause.

The products of gas combustion are for the most part allowed to escape
into rooms, but certainly this should not be allowed, when gas is burnt in the
large quantities commonly used. The immense quantity of gas often used
causes great heat, humidity of the air, and there is also some sulphurous acid,
an excess of carbonic, and, probably, a little carbonic oxide, to which some
of the effects may be due. Weaver* found as much as 5-:32 volumes of car-
bonic acid per 1000 in the room of a frame-work knitter in Leicester, with
14 gas lights burning. In other workrooms the amounts were 5-28, 4-6,
down to 2:11 volumes per 1000. This amount has a very injurious eftect
on health, as shown long ago by Dr Guy. In a workshop in Taris,
with 400 men and 400 gas-burners, the health of the men was very bad.
General Morin introduced good ventilation, and the munber of cases of illness
was reduced one-third. The appetite of the men, formerly very. bad, greatly
improved. According to Dr Zock,t coal gas gives oft rather more carbonic
acid for an equal illuminating power than oil, but less than petroleum. Dr
Odling found, for equal illuminating power, that candles gave more impurity
to the air than gas.f (Gas gives out, however, more water.

In tobacco smoke are contained particles of nicotine or its salts (Heubel),
and probably of picoline bases. There is also much carbonic acid, ammonia,
and butyric acid.

Air vitiuted by Efluvia from Seicage Mudter and dir of Sewers.

Air of Cesepools.—The air of cesspools, and especially of the cemented pits
which are still common in many continental towns, and which receive little
beyond the solid and liquid excreta and some of the house water, is generally
highly impure Lévy§ refers to an extreme case, in which the oxyvgen was less-
ened to 2 per cent. ; the nitrogen being 94 and the carbonic acid 4. In this

« Lancet, July 1872, + Zeitsch. fir Biol. band ii. p. 117 (1866).
T Medical Times and Gazette, Jan. 9, 1869, § Lraite d'Hygiene, 3d edit. p. 630.
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case, apparently, no other gases were present ; but in most instances there isa
variable amount of sulphuretted hydrogen,* ammonium sulphide, nitrogen,
carbonic acid, and carburetted hydrogen, in addition to feetid organic matters.
These organic matters are in large amount. 62 feet of the air of a cesspool
destroyed, in Angus Smith’s experiments, as miuch potassium permanganate
as 176,000 cubic feet of pure air, though perhaps some sulphuretted hydrogen
may have been also present. Oesterlent states that these gases will pass
easily through walls; and M. Hennezel{ has lately noticed that in the
*“ fosses d’aisances” in Daris, even in those covered with stone slabs and
earth, the wind blowing down the ventilating tube will force the gas through
the neighbouring walls, and then perbaps into the house.

The A¢r of Scwers.—In sewers the products of decomposition are variable,
as not only solid and liquid excreta and house water, but the washings and
debris of the streets, the refuse of trades, &c., passinto the sewers. Asa rule,
the products of decomposition of the sewer-water appear to be much the same
as noted above—viz., feetid organic matters; carbo-ammoniacal substances con-
densing with the water of the air on the cold walls, carbonic acid, nitrogen,
ligzht carburetted hydrogen, and sulphuretted hydrogen.§ The proportions of
these gases are variable;|| the most common are carbonic acid and nitrogen ;
marsh gas is found when oxidation is impeded, and sulphuretted hydrogen
and ammonium sulphide, which form in the sewer-water in most cases, are
liberated from time to time. The gases, however, are, as a rule, of far less
impoértance than the fwtid organic matters, the exact nature of which it
would be most desirable to examine more thoroughly.

The organic vapour is carbo-ammoniacal ; the putrid substance in the sewer
water appears, from Odling’s observations, to be allied to the compound
ammonias ; it contains more carbon than methylamine (NH,(CH,)), and less
than ethylamine (NH,(C,H,)).

"The composition of sewer air will, of course, vary infinitely with the amount
of gases disengaged and the degree of ventilation in the sewer. The quantity

* Barker, On Malaria and Miasmata, p. 245. + Oesterlen, Hygiéne, 1857, p. 445.

+ Ann. d’Hygiene, Oct. 1868, p. 178. § Oesterlen, Handb. der Hyg., 2d edition, p. 445.

|l Dr Letheby's experiments, as given in his official Report, in his article in the ¢ Encyclopedia
Britannica” (Sanitary Science), &c., and in a letter to Dr Adams (given by Dr Adams in his pam-
phlet, ¢ The Sanitary Aspect of the Sewage Question,” 1868, p. 34), are the most complete on
this subject. Taking the last statcruent of his views as representing his opinion, I gather that
sewer-water (containing 1288 grains of organic matter per gallon), excluded from air, gave out
during 9 weeks 1°2 cubic inches of gas per hour, consisting per cent. of 73-833 of marsh gas,
15849 of carbonic acid, 10°187 of nitrogen, and 0:081 of sulphuretted hydrogen. When
ztmospheric air is admitted, I infer that Dr Letheby thinks the chief gases are carbonic acid
aud nitrogen, with but mere traces of sulphuretted hydrogen, That marsh gas in large quauti-
ties can be, however, formed, is shown by Letheby’s observations on the gases evolved in the
London sewers in 1866, where carbolic acid was used ; the gas was frequently fired by the
caudles of the sewer-men, and was found to contain 8845 per cent. of marsh gas, the forma-
tion of which was favoured, Letheby thinks, by the action of the carbolic acid ; and this is
probable, since Angus Smith (Disinfectants and Disinfection, p. 25) found the gas given off by the
putrid sewage at the bottom of the Medlock, the water over what was free from oxygen, to con-
tain almost the same quantity of marsh gas—viz., 8881 per cent. ; the other gases being car-
bouic acid, 584 ; and nitrogen, 5:35 per cent. The evolution of marsh gas will therefore, in
pait at any rate, depend on the amouut of exposure, and on the absorption of air by the sewer-
water. Letheby's experiments show less sulphuretted hydrogen than might have been anti-
cipated, both from the large amount of sulphides usually present in sewer-water, and the
amount of sulphuretted hydrogen proved to exist in the air of many sewers. With regard to
the quantity of gases disengaged, 1 gave, in a former edition of this work, the amount of 1 to 1}
cubie inch of gas disengaged from London sewage per gallon per hour in the scwers, as this
is 1oy inter‘pretatinn of Letheby’s account of his experiments, as given in the ¢“ Encyclopeedia
Britannica” (art. Sanitary Science) ; but Dr Adams, of Glasgow, has pointed out that Dr
Letheby’s experiments represent the gases disengaged in the laboratory—i.e., at a higher tem-
perature. The amount of gas evolution in the sewers themselves hasnot been, 1 believe, actually
determined, and will no doubt vary according to the quantity of water, the temperature,
rapidity of flow in the sewer, &c.
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of oxygen is sometimes in normal amount; it may, however, be diminished in
very badly constructed sewers. Parent-Duchatelet gave an analysis of the
air of a choked sewer in Paris, which contained only 1379 per cent. of oxy-
«en,® and no less than 2-99 per cent. of sulphuretted hydrogen. Excluding
this analysis, the greatest impurity in the old Parisian sewers, as determined
by Gaultier de Claubry, in 19 analysest in 1829, was 3°4 per cent. of carbonic
acid, and 1-25 per cent. of sulphuretted hydrogen (in different samples of air).
The lowest amount of oxygen was 174 per cent.  Sulphuretted hydrogen was
present in 18 out of 19 cases; the mean of the whole 19 cases being ‘81 per
cent. The mean amount of carbonic acid in 19 cases was 2+3 per cent.  In
the present London sewers of good construction the air is much less impure.
Dr Letheby found only *532 per cent. of carbonic acid, a good deal of ammonia,
and only traces of sulphuretted and carburetted hydrogen. Dr Miller's expe-
riments in 18673 gave a mean of only 0-106 per cent. of carbonic acid in 18
analyses, and ‘307 per cent. in 6 other instances, the oxygen being 20-71 per
cent. No sulphuretted hydrogen was present. Dr Russell examined the air in
the sewers of Paddington in August; the most impure air contained 20-7
oxygen, 78°79 nitrogen, and ‘51 volumes of carbonic acid per cent.; there
was very little ammonia, and no sulphuretted hydrogen.

It is evident that, if we take the carbonic acid and sulphuretted hydrogen
as indices, sewer air has no constant composition. It is sometimes almost as
pure as the outside air, while at other times it may be highly impure. But
these gases are probably the least important ingredients of sewer air ; that
organic matters are present is evident from the peculiar fwtid smell, and in
some cases they are in large amount; 8000 cubic feet of the air of a house
into which sewer air had penetrated destroyed more than 20 times as much
potassium permanganate as the same quantity of pure air (Angus Smith).
Fungi grow rapidly in such air, and meat and milk soon taint when exposed
toit. When the sewer air passes through charcoal these substances are
absorbed ; they may be partly oxidised, as Dr Miller found some nitric acid
in the charcoal, but they also collect in the charcoal, and can be recovered
(in part at any rate) from it by distillation.§

We must also suppose, for facts leave us no other explanation, that the
unknown agencies which produce typhoid fever may also be present) and
there can be little doubt that cholera|| may occasionally spread in the same
way. The poison of yellow fever (as appears likely from the epidemic in
Madrid) may also exist in sewer air. Whether small-pox, scarlet fever, &e.,
can own a similar channel of distribution is uncertain; that dysentery and
diarrheea may also be caused by exhalations proceeding from a foul sewer
we cannot doubt, but the precise agency is here also unknown.

Air of Clurchyards and Vaults.

The decomposition of bodies gives rise to a very large amount of carbonie
acid. It has been calculated that when intramural burial was carried on in
London, 2} millions of cubic feet of CO, were disengaged annually from the
52,000 bodies then buried. Ammonia and an offensive putrid vapour are also
given off. The air of most cemeteries is richer in carbonie acid (*7 to 9 per
1000, Ramon da Luna), and the organic matter is perceptibly large when
tested by potassium permanganate,

* Hygiene publ,, t. i. p. 209, footnote, and p. 390,

4 Parent-Duchitelet’s Hyg. publique, t. i. p. 339,

F Abstract in ¢ Chemiecal News,” March 1868,

§ Miller, ““C‘hemical News,” March 1868,

Il A case in which sewers probably played a part in the dissemination of cholera is given in
my Report on the Cholera ia Southampton in 1865 to the Medical Ofticer of the Privy Council.
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In vaults, the air contains much carbonic acid, carbonate or sulphide of
ammonium, nitrogen, hydrosulphuric acid, and organic matter. ~Waller
Lewis found little SH, or CH ; or cyanogen, or phosphoretted hydrogen. In
Lis experiments the gas always extinguished flame.

Fungi and germs of infusoria abound.

Air vitiated by certain Trades.

Hydrochloric acid gas, from alkali works. .

Sulphurous and sulphuric acids, from copper works—bleaching

Sulphuretted hydrogen, from several chemical works, especially of ammonia.

Carbonie acid, carbonic oxide, and sulphuretted hydrogen, from brick fields
and cement-works.

Carbonie oxide (in addition to above cases), from iron furnaces, gives rise
to from 22 to 25 per cent. (Letheby); from copper furnaces, 15 to 19 per
cent. (Letheby).

Organic vapours, from glue refiners, bone-burners, slaughter-houses, hack-
eries,

Zinc fumes (oxide of zinc), from brassfounders.

Arsenical fumes, from copper-smelting.

Bisulphide of carbon, from some india-rubber works.

Air of Towns,

The air of towns may be vitiated by respiration, combustion, eflluvia from
the soil, sewers, and trades. The movement of the air tends, however, to
continually dilute and remove these impurities, and the heavier particles
deposit, so that the air even of manufacturing towns is purer than might
have been anticipated. The amount of oxygen in atmospheric acid in the
purest air near the surface of the earth, being taken as from 209 to 20-99
volumes per cent., and the carbonic acid being from ‘03 to -045 per cent.,
with a mean of ‘04, it would appear, from Angus Smith’s ohservations,” that
in a crowded part of Manchester, exposed to smoke, the amount of oxycen
was from 20°868 to 20179 per cent.; the average of the street air taken
from the lahoratory front door was, in Manchester, 20°943; of the air taken
from a closet, a midden behind the laboratory, 20:70. In the London air,
in the open spaces, the oxygen amounted to 20:95; in the crowded eastern
districts to 20-857.% In a foggy frost, in Manchester, when the smoke was
ot moving much, the umount was 20-91. In Glasgow the average was
20-9092.  The variations are, therefore, within narrow limits.

The percentage lessening of oxygen in atmospheric acid is partly made
up by an increase in the carbonic acid; but if a town is well built, the
increase in the carbonic acid is trifling; the mean amount of CO, for London,
in Roscoe’s experiments, was only ‘037 volumes per cent.; in Manchester, in
usual weather, A. Smith found the amount "0403 per cent.; during fogs, -0679;
in the airabove themiddens, 0774 percent. Itisstated that there isa ditferenco
between elose and open spaces in towns; thus, in the open spaces (parks) in
London, the mean amount in A. Smith’s experiments was *0301 per cent. ; in
Newgate Street (in the City), it was 0413 ; in Lower Thames Street (City),
0428 per cent. It is not, however, stated whether the observations were made
simultaneously. In Glasgow, the average carbonic acid was ‘0502, and in
Perth -04136 percent. Inforeign cities the amount is greater, and surpasses
the normal limit in air. In Madrid, Ramon da Luna found "0517 as a mean

* Air and Ruin, p. 24 T A. Sniith, ep. cit., p. 30.
+ A. Smith, Air and Rain, pp. 50, ef seq.
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average, and in some cases “08 per cent.; in Munich, the amount is ‘05 per
cent. These numbers seem, after all, insignificant, but they are not really
80, as the aggregate difference, if only ‘01 per cent., is considerable. In the
air of towns which burn coal there are also, as noted, an excess of acidity
(sulphuric and hydrochloric acids), and various suspended matters (see ante),
which no doubt have injurious eflects.

The air of most towns, in addition to ammonia, also contains a nitrogenous
substance which, when condensed in pure water, can be made to yield albu-
minoid ammonia, by Wanklyn’s method. In various places in London,
A. Smith* found the amount to average ‘1509 milligrammes of albuminoid
ammonia in 1 cubic metre. The greatest amount was in a field two miles
past Clapham Junction (viz., ‘27108 milligrammes per cubic metre), and the
least was in Westminster Abbey Yard (‘08555 milligrammes). At the shore
at Innellan (Firth of Clyde), the amount was ‘1378 milligrammes, and the
mean in the strects of Glasgow was -3049 milligrammes per cubic metre.
In the air of the Underground Railway, in London, the amount was -3734
milligrammes. The mean of Mr Moss' experiments in the open air of
Portsmouth was rather less, viz, ‘0886 milligrammes of albuminoid am-
monia per cubic metre. This ammonia may be derived from the living
beings in the air, or from dead organic matter; and to bring out the full
meaning of such researches, the chemical must be supplemented by a
microscopical examination.

These observations prove how important it is to build towns in such a way
as to ensure good perflation and movement of air everywhere, and to pro-
vide open spaces in all the densely-crowded parts. The great powers of
nature, winds, and the fall of rain, will then, for the most part, keep the
atmospherie impurities within limits not injurious to health.

Air of Murshes.

The air of typical marshes contains usually an excess of carbonic acid, which
amounts, perhaps, to 6 or '8 or more per ‘1000 volumes. Watery vapour is
usually in large quantity. Sulphuretted hydrogen is present, if the water of
the marsh contains 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 frec
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 Moscati (1818, in the air of a Lombardy rice-field),
and examined more recently by Boussingault (1829, 183¢), Gigot (1859), and
Becchi (1861), the organic 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 appearance, and some-
times a peculiar marshy siell, and, heated with soda-lime, atlords evidence of
ammonia. The amount in Becchi’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. It is said to destroy
quinine. DBesides this organic matter, various vegetable matters and animals,
floating in the air, are arrested when the air of marshes is drawn through
water, or sulphuric acid, and debris of plants, infusoria, insects, and even,
it is said, small crustacea are found; the ascensional force given by the

* Air and REzin, p. 437. T have stated the results in milligrammnies per enbic metve, instead
of grammes per willion cubic metres.
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evaporation of water, seems, indeed, to be sufficient to lift comparatively
large animals into the air. Dr M. P. Balestra* has described spores and
sporangia of a little algoid plant in the air of Rome and its vicinity, and
the same plant is found abundantly in the water of the marshes near
Rome. Balestra is inclined to attribute marsh fever to this widely dif-
fused “microphyte granule.” It has been stated that ozone is deficient
in the air over marshes, but the observations of Burdel (Recherches sur les
ficvres paludéennes, 1858) do not confirm this. He often found as much
ozone as in other air. In the air collected from the surface of lakes, contain-
ing some aquatic plants, especially the Chara, there is a large proportion of
oxygen, and this air gives, near the surface, the reaction of ozone (Clemens),
while at some feet above the reaction is lost. This is usually ascribed to the
oxidation of organic matter, which rises simultaneously from the water.

Air in the Holds of Ships.

The air in the holds of ships is compounded of exhalations from the wood,
bilge-water, and cargo. Owing to the comparative immobility of the air, it often
becomes extremely foul. The composition is not known, but the smell of
sulphuretted hydrogen is very perceptible, and white paint is blackened. In
some cases, when the water-tanks are filled by condensed water from the
engines, which is not well cooled, the hold may become extremely hot (100°
to 120° Fah.), and decomposition be much increased.

Air of Mines.

In the metalliferous mines the air, according to Angus Smith,* is poor in
oxygen (20-5 per cent. sometimes), and very rich in carbonic acid (7-85 per
1000 volumes on a mean of many experiments.) It also contains organic
matter, giving, when burnt, the smell of burnt feathers, in uncertain amount.
These impurities arise from respiration, combustion from lights, and from
gunpowder blasting. This latter process adds to the air, in addition to car-
bonic acid, carbonic oxide, hydrogen and sulphuretted hydrogen, various solid
particles, consisting of suspended salts, which may amount to as much as 3
grains in each cubic foot of air. These suspended substances are especially
sulphate of potash, carbonate of potash, hyposulphite of potash, sulphide of
potassium, sulphocyanide of potassium, nitrate of potassium, carbon, sul-
phur, and sesquicarbonate of ammonia.

SECTION II.
DISEASES PRODUCED BY IMPURITIES IN AIR.
SuB-SEcTION I.—SUSPENDED SOLID MATTERS.

1. Dead Substances.—The effect which is produced on the respiratory organs
by substances inhaled into the lungs has long been known. Ramazzini and
geveral other writers in the last century, and Thackrah about forty years ago
in this country, directed special attention to this point, and since that time a
great amount of evidence has accumulated,} which shows that the efivet of
dust of different kinds in the air is a far more potent cause of respiratory dis-
eases than is usually admitted. Affections of the digestive organs are also
cauzed, but in a much slighter degree. The respiratory aflections are frequently

* Comptes Rendus, 1870, No. 3, July, p. 235.

4+ Report on Mines, Blue Book, 1864,

+ The whole subject has been lately very carefully investigated by Hirt. Dic Krankheiten
der Arbeiter, Erste Theil, Die Staubinhalatious-Krankheiten, von Dr L. Hirt, 1871.
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recurring catarrhs (either dry or with expectoration) and bronchitis, with
subsequent emphysema, although this sequence appears from the figures given
by Hirt to be not quite so frequent as was supposed, perhaps from the cough
not being violent. Acute pneumonia, and especially chronic non-tubercular
phthisis, are also produced. The suspended matters in the air which may
produce these aftections may be mineral, vegetable, or animal; but it would
seem that the severity of the effects is chiefly dependent on the amount of
dust, and on the physical conditions as to angularity, roughness, or smooth-
ness of the particles, and not on the nature of the substance, except in some
special cases. A large number of the unhealthy trades are chietly so from
this cause ; this is the case, in fact, with miners of all kinds.* Mr Simon *+
states that, with one exception, the 300,000 miners in England break down
as a class prematurely from bronchitis and pneumonia, caused by the atmo-
sphere in which they live. The exception is most important. The colliers
of Durham and Northumberland, where the mines are well ventilated, do
sot appear to sufler from an excess of pulmonary disease, or do so in a slight
egree.

In different mines, also, the amount of pulmonary disease is different,
apparently according to the amount of ventilation.

The following table by the Registrar-General is printed in the Report of
the Commissioners on Mines, Blue-book, 1864 :—

Arerage Annual Deaths pergl 000 from Pulmonary Disease during the Years
1860-62 enclusive.

Metal Miners | Metal Min Metal Miners |Malet cxclusive
! Ages. in Cornwall. in \’orksllif': in Wales, 0'):,"“?:}:; én
|
| Between 15 and 25 years, 377 3-40 302 3-97
: w25, 85, 415 6-40 419 515
! W35 .45, 789 1176 10°62 3-52
w45, 55 19:75 23-18 1471 5-21
B3, G5 43-29 4147 35°31 7-22
w65, 75 4504 5369 48-31 17-44

The enormous increase of lung discases among the miners after the age of
35, is seen at a glance.

In the pottery trade all classes of workmen are exposed to dust, especially,
however, the flat-pressers. So common is emphysema that it is called ¢ the
potters’ asthma.”

So also among the china scourers ; the light flint dust disengaged in great
quantitics 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 some cases, by the use of
ventilated wheel-boxes, and by covering the work with linen covers when

* Thakrah enumerates the following in his work on the ¢ Effect of Arts, Trades, and Pre-
fessions on Health,” 1832, p. 63 :—The workmen who were affected injuriously by the dust of
their trades 40 yeurs ago even, and the same list will almost do for the present day: Corn-
miliers, maltsters, teamen, coffee-roasters, snuff-makers, papermakers. flock-dressers, feather-
dressers, shoddy-grinders, weavers of coverlets, weavers of harding, dressers of hair, bhatters
employed in the howing department, dressers of coloured leather, workers in flax, dressers of
hemp, some workers in wood, wire-grinders, masons, colliers, iron miners, lead miners, grinders
of mectals, file cutters, machine-makers, makers of firearms, button-makers.

+ Fourth Report of the Medical Officer of the Privy Council, 1862, p. 15, ef seq. See also
Arlidge in B. and F. Med. Chir. Rev. July 1864, for the effects of the pottery trade.
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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 hamoptysis. 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, and silk spinners, there is a great
amount of dust and flue, and the daily grinding of the engines disengages
also fine particles of steel. Since the cotton famine, a size, composed in part
of china clay (35°35 grains of clay, in 100 of sizing on an average), has been
much used in cotton mills, and the dust arising seems certainly to be produc-
ing injurious cffects on the lungs of the weaver.t

In flax factories 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 Dbronchial irritation, and in 19 of these there had been hamoptysis.
Among 27 hacklers, 23 were diseased.} In shoddy factories, also, the same
thing occurs. These evils appear to be entirely and easily preventable.

In some kinds of glass making, also, the workmen suffer from floating
particles of sand and felspar, and sometimes potash or soda-salts.

The makers of grinding-stones suffer in the saine way; and children work-
ing in the making of sand-paper are seriously affected, sometimes in a very
short time, by the inhalation of fine particles of sand into the lungs.

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.

The makers of matches, who are exposed to the fumes of phosphorus,
suffer from necrosis of the jaw, if there happens to be any exposed part on
which the fumes can act.

In making bichromate of potash, the heat and vapour employed carry 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 sult. The skin is also irritated if the salt is rubbed on it, and
tistulous sores are apt to be produced. No effect is noticed to be produced on
the lungs. § Washing the skin with subacetate of lead is the best treatment.

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 special circumstances, the fumes of metals, or
particles of metallic compounds, pass into the air. Brassfounders sutfer from
bronchitis and asthma as in other trades in which dust is inhaled ; but in
addition, they also suffer from the disease described by Thackrah 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 oppression of the chest, with indefinite nervous sensations,

* See for further particulars and much interesting information Dr Hall’s paper read at the
Sacial Science Congress in 1865,

+ G. Buchanan's Report on certain Sizing Processes used in the Cotton Manufacture at
Todmordea. Ordered to be printed by the Ilouse of Commons. May 1872

+ Mr Simon's Fourth Report, p. 19. § Chevallier, Ann. d’'Hygiene, July 1863, p. 83.
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followed by shivering, an indistinct hot stage, and profuse sweating. These
attacks are not periodical.

Coppersmiths are aftected somewhat in the same way, by the fumes arising
from the partly volatilised metal, or from the spelter (solder).

Tinplate workers also suffer occasionally from the fumes of the soldering.

Plumbers inhale the volatilised oxide of lead which rises during the pro-
cess 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 the 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 tobacco factories also suffer in some cases, and there are per-
sons who can never get accustomed to the work ; yet with proper care and
ventilation it appears * that no bad effects ordinarily result.

‘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, cedema of the eyelids, and
little ulcers on the exposed parts of the body; the constitutional being weak-
ness, fainting, asthina, anorexia, thirst, diarrheea, and sometimes even severe
nervous symptoms. Arsenic has been detected in the urine of such persons.

2. Living Substances, as Infusoria, Fungi, Alge, or their gerims, or Pollen
or Efiluria of Flowers.—That summer catarrh or hay fever is produced in
many persons by the effluvia from grasses (especially Anfhoxanthum odo-
ratum), or the pollen from flowers, is now generally admitted. It is also
known that the spores of certain fungi in falling on a proper soil may cause
disease of the skin in men, and that tinea and favus are thus sometimes spread
seems certain.  The attempt, however, to connect the spread of the specific
diseases with fungi or alge has not yet been successful, in spite of the careful
rescarches of several authors.t  Dr Salisbury of Ohio has attempted to trace
ague to a Palmella; others have ascribed it to the Oscillarine@ generally;
and Dr Dalestra believes that a special alga is the efficient cause.

Dr Salisbury has also affirmed that the prevalence of measles in the
Federal army arose from fungi from mouldy straw. He inoculated himself, his
wife, and forty other persons with the fungi, and produced a discase like
measles in from 24 to 96 hours. It is stated also that this disease was
protective against measles. Dr Woodward (United States Army) has re-
peated Dr Salisbury’s experiments, and does not confirm them.}

Professor Hallier of Jena has to some extent adopted the view that fungi
give rise to some of the specitic discases, and that the spores float in the air,
and are thus communicated, but the proofs are not satisfactory.§

3. The Contagia.—Under this head it will be convenient to include the

* Hirt, op. cit. p. 162-163.

+ 1 refer especially to Adam Neale, Cowdell, Mitchell, Holland, and others.

+ Camp Discases in the U.S. Army, p. 278, The funguy is a Penicillium. Dr Wood (Pro-
fessor of Botany in the University of Philadelphia) has advanced (Amer. Jour. of Med. Sci.
1868) some extremely strong botanical arguments against the view that malarial diseases can
be owing to Palmella.

§ Many papers on this subject by Hallier and others are contained in Hallier's ¢ Zeitschrift
fiir Parasitenkunde.” .
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unknown causes of the specific diseases. That these in some cases (scarlet fever,
smallpox, measles, typhus, enteric fever, plague, pertussis, yellow fever,influenza,
&c.,) reach the person through the medium of air (as well as in some cases
through water or food) cannot be doubted. Some of these contagia have in
some way a power of growth and multiplication in the body of a susceptible
animal, but whether they can find nourishment, and thus grow, in the air,
is yet doubtful. It seems clear, however, that they can retain the powers
of growth for some time, as the smallpox and scarlet fever poisons may infect
the air of a room for weeks, and cattle plague and enteric fever poisons will
last for months,* and in this they resemble the Protococci and other low
powers of life, which can be dried for years, and yet retain vitality.

The exact condition of the agency 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 body (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 dysentery, is also a matter of doubt. Bakewellt
has collected dust deposited at a height of 7 or 8 feet in smallpox wards,
which contained the minute scabs with the epidermic scales and variolous
corpuscles which are thrown off from the skin in smallpox. The modern
expositors of the old doctrine of fomites would consider these organic matters
to be inconceivably minute particles of living, or to use Dr Beale's phrase,
bioplastic matter, which is capable, he believes, of wonderfully rapid growth
under proper conditions.} From the way in which, in many cases, organic
substances in the air are absorbed by hygroscopic bodies, it would appear
that it is often combined with, or is at any rate condensed with, the water
of the atmosphere.

The specitfic poisons manifestly differ in the ease with which they are oxi-
dised 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 oxidised, 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. Is it that in one case the poison is a mere cloud of
molecules ; that in the other it is contained in epithelium and pus cells,
thrown off from the skin in both cases, and from the throat also in one ; and
which adhering to walls, clothes, &c., partially dry, can be rendered again
active by warmth and moisture?

In the case of malaria, 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 (up a ravine for instance), or hori-
zontally, if it does not pass over the surface 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 lead to the conclusion that
the portability of the poison in this way has been overrated.

But the specific poisons are not the only suspended substances which thus
float through the atmosphere.

* The long retention of power by the enteric fever poison is shown by a case related to me
by Dr Becker (Army Med. Department Report, vol. 10, p. 237). The typhoid poison appears
to have adhered to the walls and ceiling, and to have retained its power to excite disease in
another person for a month ; it was not destroyed by the heat of a very hot Indian station
Gwalior, in February).

4+ Med. Times and Gazette, Dec. 7, 1872

+ See chapter on Disinfection for a fuller notice of these points.
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There can be no doubt that while purulent and granulur ophthalmia most
frequently spread by direct transference of the pus or epithelium cells, by
means of towels, &ec., and that erysipelas and hospital gangrene, in surgical
wards, are often carried in a similar way, by dirty sponges and dressings,
another mode of transterence is by the passage into the atmosphere of dis-
integrating pus cells and putrilying organic particles, and hence the great
ettect of free ventilation in military ophthalmia (Stromeyer), and in erysipelas
and hospital gangrene. In both these diseases, great evaporation from the
walls or floor secms in some way to aid the diffusion, either by giving a great
degree of humidity, or in some other way. The practice of frequently washing
the tloors of hospitals is well known to increase the chance of erysipelas.

It is a 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, it it find a proper place or nidus in or on
which it can be received, communicate to it its own action, and thus act asa
true contagium.

SuB-SecTioN IT.—GasEous MATTERS.

(a.) Curbonic Acid.—The normal quantity of carbonic acid being *4 volumes
per 1000, it produces fatal results when the amount reaches from 50 to
100 per 1000 volumes ; and at an amount much below this, 15 or 20 per
1000, it produces, in some persons at any rate, severe headache. Other
persons can inhale, for a brief period, considerable quantities of carbonic
acid without injury;* and animals can be kept for a long time in an at-
mosphere highly charged with it, provided the amount of oxygen be also
increased. In the air of respiration, headache and vertigo are produced when
the amount of carbonic acid is not more than 1'5 to 3 volumes per 1000 ;
but then organic matters, and possibly other gases, are present in the air, and
the amount of oxygen is also lessened. Well-sinkers, when not actually
disabled from continuing their work by carbonic acid, are often affected by
headache, sickness, and loss of appetite ; but the amount of carbonic acid
has never been determined.

The effect of constantly breathing an atmosphere containing an excess of
carhonic acid (up to 1 or 15 per 1000 volumes) is not yet perfectly known.
Dr Angus Smith+ has attempted to determine the effect of carbonic acid prwr
se, the intluence of the organic matter of respiration being eliminated. He
found that 30 volumes per 1000 caused great feebleness of the circulation,
with usually slowness of the heart’s action ; the respirations were, on the con-
trary, quickened, but were sometimes gasping. These eficets lessened when
the amount of carbonic acid was smaller, but were perceptible when the
amount was as low as 1 volume per 1000—an amount often excceded in
dwelling-houses. At the same time, this is not the case always, for in the air
of a soda-water manufactory, where the carbonic acid was 2 per 1000, Smith
found no discomfort to be produced. The effects noticed by Smith have not
been ohserved in experiments on animals (by Demarquay, W. Miiller, and
Eulenberg),t nor in other cases in men, as in the bath at Oeynhausen, where
no eflect is produced by the air of the room in which the bathers remain for
30 to 60 minutes, although it contains a large percentage of carbonic acid.
It has been supposed that lung diseases, especially phthisis, are produced by
carbonic acid ; but as this opinion has been drawn merely from the eflects of
the air of respiration, which is otherwise vitiated, it cannot be considered to
stand on any sure basis.

* Tt is stated that Dr Christison has employed air containing 20 per cent. of carbonic acid as
an anwsthetie,  (‘Taylor's Jurisprudence, 1863, p. 713 )
t Air and Rain, p. 209, el seq. T Quoted by Roth and Lex., op. cit. p 176.
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The presence of a large amount of carbonic acid in the air may lessen the
elimination of carbonic acid from the lungs, and thus retain the gas in the
blood, and in time possibly produce serious alterations in nutrition.

(b.) Carbonic Oxide.—Of the immense effect of carbonic oxide, there is no
doubt. Less than one-half per cent. has produced poisonous symptoms, and
more than one per cent. is rapidly fatal to animals. It appears from Bernard’s,
and from Lothir Meyer'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; but Pokrowsky has
shownt that the carbonic oxide may gradually be converted into carbonic acid,
and be in that way got rid of. It seems, in fact, as Hoppe-Seyler conjectured,
to completely paralyse, so to speak, the red particles, so that they cannot any
longer be the carriers of oxygen. The observations of Dr Kleberf show
that, in addition to loss of consciousness and destruction of reflex action, the
carbonic oxide causes complete atony of the vessels, diminution of the vas-
cular pressure, and slowness of circulation, and finally, paralysis of the heart.
A very rapid parenchymatous degeneration takes place in the heart and
muscles generally, and in the liver, spleen, and kidneys.

(c.) Sulphuretted Hydrogen.—The evidence with regard to sulphuretted
hydrogen is contradictory. While dogs and horses are effected by compara-
tively small quantities (1-25 and 4 volumes per 1000 volumes of air, and
suffer from purging and rapi